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Abstract

The Pouni area is made up of basalts belonging to the Boromo belt, lampro-
phyres and granitoids. These geological formations are similar to geological
formations of the same type in other regions of the Palaeoproterozoic domain
of the Man/Leo shield. This study, which focused on the petrographic and
geochemical characteristics of these geological formations, led to the follow-
ing main conclusions: The lamprophyres are basic plutonic rocks that cut
through other geological formations. The basalt belongs to the northern part
of the Borormo belt and is thought to be a relic of overthickened oceanic pla-
teaus. There are two groups of granitoid rocks. The granodiorite has a geo-
chemical signature close to that of Archean TTGs and is metaluminous in
character. It has a low potassium content. The minor element and rare earth
element spectra indicate that it could be derived from partial melting of basic
magmatic rocks. Biotite granites are peraluminous and highly potassic. Minor
element contents and rare earth spectra indicate that they could be derived
from partial melting of felsic materials. Geotectonic diagrams show that the
granitoids identified in the Pouni zone were emplaced in an active tectonic
context, similar to that of present-day subduction zones.
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1. Introduction

The central-western part of Burkina Faso, like the rest of the country and the
Baule-Mossi region (Figure 1), consists of Paleoproterozoic (~2 Ga) terrains con-
taining metasediments, metavolcanites and granitoids [1] [2] [3]. The latter were
emplaced during the Eburnian orogeny and are very good markers of crustal
deformation. A distinction is made between early or first generation granitoids
with an affinity to Archean TTGs, second generation granitoids which are calc-
alkaline-potassic and late granitoids which are alkaline. In the Baoulé-Mossi area,
studies of TTG-type granitoids and calc-alkaline granitoids have helped to define
their petrogeochemical characteristics and the geodynamic contexts in which they
were emplaced during the Eburnian orogeny [1] [2] [4] [5] [6]. It has been sug-
gested that TTG-type granitoids are derived from partial melting of greenstone
and are emplaced in a subduction context. For biotite granites or calc-alkaline
granitoids, partial melting of both metabasic lower crust and TTG-type granito-
ids has been proposed in a volcanic arc context [1] [2]. It is also proposed that
the crustal protoliths, heated by the underlying magmas, were partially melted in
an Archean tectonic style without collision [7] [8].

This study focuses on the belt formations and granitoids in the commune of
Pouni in the province of Sanguié, Burkina Faso (Figure 2). The aim of this study
is to define the mineralogical and geochemical compositions of these belt forma-
tions and the mapped granitoids in order to constrain the geodynamic processes
that prevailed during emplacement of these formations. At the field scale, the
biotite granites are very poorly structured. In a forthcoming study, we plan to
use the Anisotropy of Magnetic Susceptibility (AMS) technique to highlight the
internal structures of these granitoids in order to better constrain their emplace-

ment process.

2. Geological Setting

The study area is located near the Boromo belt, in central western Burkina Faso,
between 2.47°W and 2.63°W longitude and between 11.83°N and 12.05°N lati-
tude (Figure 2). This belt is mainly composed of basalts and andesites, with a
few intercalations of sediments and basic plutons [9] [10]. The Boromo green-
stone belt is intruded by TTG-type granitoids. After the latter emplacement, the
greenstone belt and TTG granitoids were intruded by highly potassic calc-alkaline
granitoids [1].

In the study area, granitoids outcrop west of the village of Pouni and near the
village of Tita. Granodiorites, biotite granites and porphyritic biotite granites can
be observed. As part of the 1/1,000,000 mapping of Burkina Faso, Castaing et al,
(2003) [1] indicates the presence of a leucogranite at Pouni.

3. Methodology

We used a sampling grid with a maximum spacing of one kilometre, as long

as outcrop conditions allowed, and the samples collected at each station were
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Figure 1. Position of the synthetic geological map of Burkina Faso on the Man/Leo
shield.
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Figure 2. Position of the study area on the Léo square degree geological map.

described. In the laboratory, twelve (12) thin sections were prepared and ex-
amined under a polarising microscope. The selection of samples for whole rock
geochemical analysis was guided by the variations in mineralogical composition
that appeared during the microscopic observations. A total of six (06) samples
were analysed, including one (01) basalt sample, one (01) lamprophyre sample,
one (01) granodiorite sample and three (03) biotite-granite samples. The whole

rock geochemical analyses were carried out at the ALS laboratory in Ireland,
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which was responsible for all the various sample preparations prior to analysis
by ICP-MS and ICP-AES. Information on the methods used by the ALS labora-

tory is available at https://www.alsglobal.com.

4. Results
4.1. Petrography of Belt Rocks

The study area covered a small part of the Boromo belt near the village of Pouni
(Figure 2). The outcropping rocks are mainly basalts and lamprophyres.
- Basalts

Basalts are massive and dark (Figure 3(a)). They outcrop in the form of small
hills containing boulders or clusters of boulders. Macroscopic observation shows
that basalt is aphyric. Microscopically (Figure 3(b)), the basalt consists almost
entirely of amphibole, in the process of destabilisation into actinote or chlorite.
Small amounts of biotite, plagioclase and quartz islands can be seen. The sample
observed under the microscope is criss-crossed with quartz-plagioclase veinlets.
- Lamprophyres

Lamprophyres are dark coloured rocks (Figure 4(a)). In the field they occur
as small boulders or clusters of boulders. Microscopically, lamprophyres are
composed mainly of plagioclase, pyroxene and amphibole. The amphiboles are
altered to muscovite. Opaque colours are associated with ferromagnesian miner-

als.

4.2. Petrography of Granitoids

- Granodiorites

The granodiorite is light in colour and medium to slightly coarse grained
(Figure 5(a)). The visited outcrops have no measurable structures. Microscopi-
cally (Figure 5(c)), the white minerals are predominantly plagioclase, followed
by quartz. Potassium feldspars, represented by microcline, are present in small
amounts. The ferromagnesian minerals are biotite and amphibole. Biotite is
slightly more common than amphibole. Auxiliary minerals include epidote, zir-
con and opaque.
- Le granite a biotite

It is a very poorly structured rock with biotite as the only ferromagnesian
mineral. Biotite granite is leucocratic and the texture is essentially medium grained
(Figure 5(b)). Microscopically (Figure 5(d)), biotite granite is composed of
straight quartz, plagioclase and potassic feldspar. The other white minerals are
plagioclase and potassium feldspar in more or less equal proportions. Accessory

minerals are mainly sphene, zircon, epidote and a few opaques.

4.3. Geochemistry of Rocks in the Study Area
4.3.1. Basalt and Lamprophyre

The results of the geochemical analyses indicate silica contents of between 50%
and 52% (Table 1). In the AFM ternary diagram of [11] (Figure 6), sample TP07
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Figure 3. Macroscopic and microscopic view of the basalt: (a) Basalt sample; (b) Micro-
photograph showing the average mineralogical composition of the basalt (polarised and
analysed light): Am: Amphibole, Bi: Biotite, PI: Plagioclase, Qz: Quartz.

Figure 4. Macroscopic and microscopic view of lamprophyre: (a) Lamprophyre sample;
(b) Microphotograph showing the average mineralogical composition of lamprophyre
(polarised and analysed light): Px: Pyroxene, Am: Amphibole, Pl: Plagioclase, Op: Opa-
que.

Figure 5. Macroscopic and microscopic view of the granitoids: (a) Granodiorite sample;
(b) Biotite granite sample; (c) Microphotograph showing the average mineralogical compo-
sition of the granodiorite (polarised and analysed light); (d) Microphotograph showing the
average mineralogical composition of the biotite granite (polarised and analysed light): Bi:
Biotite, My: Myrmekite, Pl: Plagioclase, Mi: Micrcline, Qz: Quartz, Ep: Epidote.
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Table 1. Major elements of basalt and lamprophyre.

Sample TP 06 TP 07

Pétrography Lamprophyre Basalt

Majors elements (%)

SiO. 51.7 50.5
TiO, 0.26 0.99
ALO; 16.05 14.2

Fe;0sT 9.39 12.75
MnO 0.16 0.2
MgO 10.15 6.34
CaO 9.83 10.95
Na:0 2.38 1.86
K:O 0.15 0.19
P,0s 0.06 0.08
Total 100.13 98.06

A/CNK 0.73 0.61
Fe+Ti K:0

High-Fe
tholeiite
basalt

_ ~
A R
Kimberlites, /=, = o == — -

Nassara basalt Mg | MgO Al20s
Nassara lamprophyre

i It
Pouni basa Pouni lamprophyre
o Syama lamprophyre
@ (®)

Figure 6. (a) Position of TP 07 (Pouni basalt) in the AFM ternary diagram; (b) Position
of TP 06 (Pouni lamprophyre) in the MgO-ALQO;-K2O ternary diagram.

has a highly ferriferous tholeitic affinity and is similar to the Nassara, Houndé
and Boromo basalts [9] [10] [12]. The MgO-ALO;-K,O diagram indicates that
sample TPO06 is a lamprophyre similar to those from Nassara in Burkina Faso
and Syama in Mali (Figure 6(b)).

The Zr/Y ratio of sample TP 07 is 2.86 (Table 2). According to the Zr/Y ratio
defined by [13], the Pouni basalt (sample TP 07) has a tholeiitic affinity like the
Nassara basalts [10] and the other Paleoproterozoic basalts of the Man/Leo shield
[8].

Table 3 shows the results of the geochemical analysis of samples TP 06 and
TP 07.
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Table 2. Minor elements of basalt and lamprophyre.

Sample TP 06 TP 07

Pétrography Lamprophyre Basalt

Minors elements (ppm)

Ba 115.5 46
Rb 2.8 4.1
Sr 544 138
Y 4.7 23.4
Zr 9 67
Nb 0.25 2.9
Th 0.15 0.4
Ga 15.2 18.5
Ti 0.17 0.77
v 180 351
Cr 583 217
Hf 0.25 1.77
Cs 0.24 0.2
Ta <0.1 1.5
U <0.05 0.15
w 0.9 <0.5
Sn <0.5 0.5
Sc 33.4 50.1

Table 3. Traces of basalt and lamprophyre.

Sample TP 06 TP 07
Pétrography Lamprophyre Basalt
REE (ppm)
La 2.9 4
Ce 6.4 9.9
Pr 0.92 1.6
Nd 3.8 7.2
Sm 0.94 2.55
Eu 0.4 0.88
Gd 0.97 3.73
Tb 0.15 0.58
Dy 0.83 4.16
Ho 0.17 0.88
Er 0.51 2.6
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Continued
Tm 0.07 0.38
Yb 0.55 2.61
Lu 0.07 0.39
>REE 18.68 41.46
(La/Yb)N 4 1
Eu/Eu* 1.27 0.87

Although we cannot classify sample TP 06, as has been done in other studies
[10], we note that its REE spectrum is more or less similar to those of Nassara
and Syama in Mali (Figure 7(a)). The REE spectrum of sample TP 06 shows an
enrichment in light REE compared to heavy REE and a slight positive anomaly
less pronounced in Europium (Eu/Eu* = 1.27). This suggests that the spectrum
is slightly fractionated with a (La/Yb)N ratio of 4.

The REE spectra in Figure 7(b) compare that of sample TP07 with that of the
Nassara basalt in Burkina Faso [10]. The REE spectrum of sample TP07 is flat
with an insignificant Europium anomaly (Eu/Eu* = 0.87). This is similar to that
of the Nassara basalts and suggests that the plagioclases are little or not fractio-
nated.

Condie (1999) [14] define mid-ocean basalts or MORBs (La/Nb > 1.4) and
oceanic shelf basalts (La/Nb < 1.4) on the basis of the La/Nb ratio. According to
this ratio, sample TP 07 (La/Nb = 1.38 ppm) could be defined as an oceanic shelf
basalt.

The negative Ta, Nb and Ti anomalies could define a late orogenic to post-

collisional environment for sample TP 06.

4.3.2. Biotite Granites

The geochemical data (Table 4) show that the silica content of the granitoids
ranges from 60% to 77%, clearly indicating that they are acid rocks. In the molar
ratio diagram (A/CNK = [ALOs]/[CaO] + [Na,0O] + [K;O]), the granitoids are
type I and are metaluminous to peraluminous (Figure 8(a)). In the diagram of
[15] the granitoids are calc-alkaline to potassic calc-alkaline (Figure 8(b)).

Table 5 shows the average composition of major and minor elements and rare
earths in the granitoids of the study area. The evolution of the major elements
can be appreciated by correlating their percentages with respect to silica in the
different diagrams of [16] of the major elements (Figures 9(a)-(f)). As silica in-
creases, elements such as TiO,, ALOs, MgO and CaO decrease, while Na,O and
K,O increase. Granitoids are moderately potassic, with the K/Na ratio varying
between 0.16 and 0.43.

The REE spectra normalised to the C1 chondrite from [17] show relatively
high LREE contents (0.17 < LREE < 38.5) compared to HREE (Table 6 and Fig-
ure 10(a)). This reflects a very good fractionation of the REE spectra (Figure
10(a)). The (La/Yb)N ratios range from 10 to 26 (Table 6) and the Eu anomaly
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Figure 7. (a) Diagrams of REE normalized to the Primitive mantle for Syama lampro-
phyre (Mali), Nassara lamprophyre and Pouni lamprophyre; (b) Diagrams of REE nor-
malized to the chondrite C1 for Nassara basalt and Pouni basalt.
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Figure 8. (a) Molar ratio diagrams (A/CNK = [ALOs]/[CaO] + [Na:O] + [K:O]) of gra-
nitoids, (b) Diagram of [15].

Table 4. Major elements of granitoids.

Sample TP 04 TP 02 TP 08 TP 15
Pétrography Granodiorite :rl;):lttz :rl;:z :rl:;llz
Majors elements (%)
SiO2 60.9 71.8 76.8 74.8
TiO: 0.63 0.11 0.07 0.11
ALO; 14.75 15.55 12.75 15.35
Fe;OsT 6.74 1.64 1.39 1.9
MnO 0.1 0.06 0.05 0.05
MgO 3.68 0.41 0.26 0.44
CaO 5.45 2.78 0.61 2.71
Na.O 3.22 4.8 3.93 4.65
K0 2.3 1.24 4.5 1.4
P>0s 0.14 0.05 0.01 0.04
Total 97.91 98.44 100.37 101.45
A/CNK 0.83 1.09 1.02 1.09
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Table 5. Minor elements of granitoids.

Sample TP 04 TP 02 TP 08 TP 15
Biotite Biotite Biotite
Pétrography Granodiorite . . .
granite granite granite
Minors elements
(ppm)
Ba 577 717 87.5 851
Rb 86.1 23.2 147.5 28
Sr 418 757 27.9 761
Y 13.1 5.7 11.2 8.7
Zr 135 62 60 77
Nb 5.42 2.54 8.92 2.42
Th 4.66 0.39 7.32 0.7
Ga 16.5 14.6 20.2 14.8
v 158 10 6 9
Ti 0.07 0.4 0.04 0.07
Cr 93 7 11 10
Hf 3.79 1.56 2.81 1.88
Cs 3.77 0.71 0.58 1.13
Ta 0.6 0.6 <0.1 0.1
U 1.06 0.17 1.41 0.33
w 1.3 0.6 0.8 0.8
Sn 1 <0.5 1.3 <0.5
Sc 22 4 6 43
<+ -
9 [ ] s - @
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Figure 9. Diagrams of [16] for granitoid majors.

DOI: 10.4236/0jg.2024.141008

135

Open Journal of Geology


https://doi.org/10.4236/ojg.2024.141008

A. O. Yameogo et al.

Table 6. Trace elements of granitoids.

Sample TP 04 TP 02 TP 08 TP 15

, Lo Biotite Biotite Biotite
Pétrography Granodiorite ) ) )

granite granite granite

Minors elements

(ppm)
La 18 10.2 10.9 13
Ce 38.5 14 27.7 18.8
Pr 4.69 1.94 34 2.63
Nd 17.2 6.1 12 8.8
Sm 3.55 0.99 3.12 1.37
Eu 0.8 0.31 0.17 0.45
Gd 2.8 1.14 2.48 1.44
Tb 0.4 0.15 0.34 0.21
Dy 2.22 0.68 1.86 1.18
Ho 0.49 0.14 0.35 0.28
Er 1.12 0.36 0.95 091
Tm 0.18 0.05 0.11 0.11
Yb 1.28 0.32 0.91 0.89
Lu 0.19 0.04 0.11 0.19
ZREE 91.42 36.42 64.40 50.26
(La/Yb)x 11 26 10 12
Eu/Eu* 0.75 0.89 0.18 0.97

(Eu/Eu* from 0.18 to 0.97) is weakly positive for samples TP 04, TP 02, TP and
TP 15. Only sample TP 08 shows a strong negative anomaly. This indicates a
good fractionation of the plagioclases. However, the granitoids in the study area
are rich in Sr and Ba but poor in Ta and Nb (Table 2). These results reflect a
good distribution of feldspars and interactions between the different mineral
phases.

The multi-element diagrams normalised to EMORB according to [17] are
characterised by an enrichment in LILE (Cs, Ba, K, Sr, Nd) compared to HFSE
(Figure 10(b)). Sample TP 08 has relatively low Ba and Sr contents compared to
the other granitoid samples. The profiles are almost parallel and there is a very
pronounced anomaly in Ti and moderate anomalies in Nb, Th and P. Overall,
these different anomalies depend on the fractionation of potassic minerals, fer-
romagnesians and plagioclases.

In the geotectonic diagrams of [18], the granitoids of the study area are lo-
cated in a volcanic arc environment (Figure 11(a)) or in the range of syn-plate
collision and volcanic arc environment granitoids (Figure 11(b)). In the dia-
gram in [19], all the granitoids are located in a volcanic arc environment (Figure

11(c)). This shows that they were emplaced in an active tectonic context.
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Figure 11. Geotectonic diagrams of granitoids: (a) and (b) Diagram of [18];

(c) Diagram of [19].

5. Discussion

In the study area, the belt rocks identified are basalts and lamprophyres. The

granitoids mapped are granodiorites and biotite granites. All these formations,

of Paleoproterozoic age, are clearly distinguished by their mineralogical compo-
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sitions and geochemical characteristics. The belt rocks are similar to those
mapped by [9] in the Houndé and Boromo belts, [10] to the south of the Boro-
mo belt. Rare earth element spectra and minor and trace element contents indi-
cate that the basalts are oceanic plateau basalts, while the lamprophyres are re-
cent dykes and cross-cut the other formations. In the Nassara zone, south of the
Boromo belt, these basalts and lamprophyre dykes are mineralised [10] [20].

The granitoids are type I and metaluminous to peraluminous. Rare earth
spectra show greater fractionation in the spectra of biotite granites than in gra-
nodiorite. Multi-element diagrams normalised to EMORB according to [17]
show an enrichment in LILE (Cs, Ba, K, Sr, Nd) compared to HESE, reflecting
good plagioclase fractionation. Similar observations have been made by [1] [4]
[21] in Burkina Faso, clearly distinguishing granitoids with a geochemical affin-
ity to Archean TTGs from potassic to highly potassic biotite granites. Based on
the different geochemical characteristics of the TTGs, [1] [22] suggest the fusion
of basic rocks. Biotite granites, which are much more potassic, are thought to be
derived from the partial melting of TTGs [1]. Geotectonic diagrams place the
granitoids in a volcanic arc context, but the emplacement mechanisms are dif-
ferent. TTG-type granitoids are emplaced by diapirism in a context of regional
shortening [23] [24] [25]. Biotite granites, on the other hand, were emplaced in
the context of transcurrent tectonics [4] [26]. In view of the radiometric ages of
the granitoids [1] [2] [7] [23] [27]-[34], Yaméogo et al (2020) suggest that the

emplacement mechanisms may differ from one locality to another.

6. Conclusion

In the study area, the belt rocks and granitoids are emplaced in different con-
texts. The basalts are oceanic plateau basalts and the lamprophyres are late. The
TTG granitoids, formed by partial melting of the basic rocks, were emplaced in a
subduction context. Biotite granites, on the other hand, were probably formed
by partial melting of TTGs and emplaced by mechanisms that evolved over time.
This suggests that the biotite granites begin to form before the end of the em-
placement of the TTGs.
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