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in the South-West of the Bui furrow. In order to highlight the geology of the
area studied, 14 samples were taken for studies using petrographic, geochemical
and metallogenic methods. The study of macroscopic and microscopic petro-
graphy made it possible to highlight two major lithological units: 1) a volca-
no-plutonic unit, formed of gabbros, basalt, volcaniclastics and rhyodacite; 2) a
sedimentary unit (microconglomerate). From a geochemical point of view, the
results obtained indicate that the plutonites are gabbro and gabbro diorite while
the volcanics have compositions of basaltic andesites, rhyolite and dacites. The
sediments have a litharenitic to sublitharenitic character. The metallogenic
study made it possible to highlight hydrothermal alterations and metalliferous
paragenesis on the formations studied. Hydrothermal alteration is characte-
rized by the presence of carbonation, silicification, sericitization, sulfidation
and to a lesser degree chloritization. Metalliferous paragenesis consists of py-
rite, chalcopyrite, hematite and magnetite.
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1. Introduction

West Africa is generally dominated by greenstone belts of Birimian age which are
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of great interest for mining research [1]. These belts contain plutono-volcanic,
volcaniclastic and sedimentary sequences, metamorphosed in greenschist to
amphibolite facies conditions and intruded by granitoid massifs (2.2 - 2.0 Ga),
“[2]-[9]”. The Paleoproterozoic domain (2.5 to 1.6 Ga) forms part of the West
African craton. It consists of juvenile continental Paleoproterozoic crust that was
emplaced during the Eburnean orogeny, probably due to oceanic materials “[2],
[10] [11] [12]”, with a legacy of older Archean crustal rocks [13]. It is made up of
Birimian greenstone belts associated with granitoids “[1] [14] [15] [16]”. The
majority of these Birimian formations of the Dorsale de Man, approximately
35%, are found in Cote d’Ivoire and are distributed in 17 volcano-sedimentary
furrows, including that of Bui. The Goumére region is located in the northeast of
Cote d’Ivoire. In the southern part of this region, we encounter geological for-
mations attributed to the Tarkwaien and associated formations “[8] [9] [17]
[18]”. They are located in the Bui belt, a belt of green rocks of Paleoproterozoic
age, which extends to the northwest of Ghana. Given the interest of the Tark-
waian in Ghana, both scientifically and economically, it proved necessary to look
into the formations of this locality. The main objective of this study is to contri-
bute to improving knowledge on the geological formations of the Gouméré re-
gion in order to highlight a metallotect for this area. The scarcity of fresh rock
outcrops and the absence of deep works have until now prevented the pursuit of
more in-depth investigations on the geological level of these Paleoproterozoic
age terrains. However, the need for more in-depth studies is essential thanks to a
multidisciplinary approach in order to appreciate in more detail the petrograph-
ic, geochemical and metallogenic characteristics and geological formations of the

Gouméré sector.

2. Geological Context

Cote d’Ivoire belongs to the West African craton and more particularly to the
Man Ridge (Figure 1). Two geological complexes cover the entire surface of
Cote d’Ivoire. A narrow coastal sedimentary basin bordering the Gulf of Gui-
nea occupies 2.5% of the Ivorian territory and extends from Fresco in the west
to Axim in Ghana in the east and a Precambrian and crystalline basement covers
the rest of the Ivorian territory, roughly 97.5%. It is made up of the Archean and
Paleoproterozoic domains. The Archean domain is located to the west of the
Sassandra fault (Figure 1) while the Paleoproterozoic domain is to the east and
covers the rest of Cote d’Ivoire basement. The structuring of the latter has been
the subject of several studies whose results are controversial. Indeed, according
to certain authors [19] and [20], this structuring took place during the Eburnean
megacycle (2.5 to 1.6 Ga) and the main tectonometamorphic phenomena oc-
curred between 2.2 Ga and 2.0 Ga [21]. On the other hand, other authors such as
[22] speak of a structure in two orogenic cycles: the Burkinian (2.4 to 2.15 Ga)
and the Eburnean in the strict sense (2.15 to 1.6 Ga). Boher [10] defines the en-

tire Paleoproterozoic domain as being of Birimian age. Birimian formations
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Figure 1. Simplified geological map of the Man-Leo Rise (modified after [23]).

generally form volcano-sedimentary sets-oriented NNE-SSW, bordered or con-
taining granitoids.

Seventeen Birimian belts distributed over two fundamental reference align-
ments, Tehini-Dimbokro (east) and Ferké-Soubré (center), have been identified
in Cote d’Ivoire [19]. These belts are composed of metavolcanites, plutonites and
metasediments. The Birimian is considered to be formed by a combination of
volcanic, subvolcanic and sedimentary rocks emplaced in intracratonic basins.
The contents of these basins or belts are interpreted by some authors “[17] [24]”
as greenstone belts or volcano-sedimentary basins. According to [25], the Biri-
mian belts are subdivided into type I units (units which were deposited in deep
basins and include various formations (Fetékro unit, Aboisso unit) and type II
units which were deposited in shallow basins composed of acidic or intermediate
and volcano-sedimentary formations (Bondoukou unit, Dimbokro unit). The
area studied is located in the Paleoproterozoic domain (Figure 1). It is covered
by a complex set of Quaternary and Birimian geological formations. The Biri-
mian occupies practically the entire surface of the study area and is subdivided
into three geological units: the Tarkwaian, the volcano-sedimentary and the in-
trusive “[8] [9] [26]”. This area belongs to the Birimian Comoé sedimentary ba-
sin. This basin is one of the largest in the Paleoproterozoic domain and outcrops
in Burkina Faso and Ghana in addition to Cote d’Ivoire Ivory. The sedimentary

basins are mainly siliciclastic, composed of greywackes and turbiditic claystones,
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495000

the latter being occasionally carbonated [17]. The geological units of the Comoé
basin form a terrigenous sedimentary series comprising sandstones with a phyl-
litic matrix, arkoses and pelitic layers, intruded by granitoid massifs then meta-

morphosed into green schist to amphibolite facies conditions “[8] [27]”.

3. Methodology

Before the study of the geological formations of the Gouméré region, it initially
consisted of sampling the different rocks in the field. The laboratory work com-
bined different analytical techniques including petrography (macroscopic, mi-
croscopic and metallographic) and lithogeochemistry. Fourteen (14) representa-
tive rocks were sampled, followed by slide preparation and geochemical analyzes
(Figure 2). The thin, polished sections were produced at the Laboratory of Ge-
ology, Mineral and Energy Resources (LGRME) at Félix Houphouét-Boigny
University of Abidjan-Cocody. The geochemical analyzes on whole rock were
carried out by the Bureau Veritas laboratory in Vancouver, Canada. In practice,
major elements were analyzed by X-ray fluorescence using an XRF while REEs
and trace elements were tested by inductively coupled plasma mass spectrometry
(ICP-MS) using an Agilent 7700x mass spectrometer. These data were processed
by computer programs in Excel to establish the normative compositions and the
CIPW standard. Then, the GCD kit 6.0 software [28] and the Capdavilla computer
program were used to establish the lithogeochemical characterization diagrams.
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Figure 2. Geological map of Gouméré area with location of analyzed samples (modified after [27]).
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4. Results

4.1. Petrography

4.1.1. Plutonic Rocks
Gabbros

Gabbros are the most dominant lithology in the study area. They are found in
the localities of Gouméré, Dakoua, Siago and Koboko. They are melanocratic,
massive in appearance (Figure 3(a)). Microscopic study of these rocks shows
gritty to microgranular porphyritic textures (Figures 3(b)-(f)).
¢ Plagioclase: it represents 25% to 30% of the matrix with rarely automorphic

forms. It often occurs in phenocrysts (1 to 2 mm long and 1 mm wide). It is al-

most unrecognizable on some sections because of alteration. It alters mainly to

sericite (Figure 3(e)) and damourite and sometimes to epidote (Figure 3(c)).

Figure 3. Macroscopic et microscopic aspects of gabbros. (a) Macroscopic aspect; (b) Crystal of
Opx and Cpx; (c) Epidotization; (d) Chloritization; (e)-(f) Sericitization. (Opx: orthpyroxene, PI:
plagioclase, Chl: chlorite, Cpx: clinopyroxene, Ep: epidote, Ser: sericite; Qtz: quartz).
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Plagioclase is found in places in inclusion in the green hornblendes.

e Pyroxene: abundant 35% to 40% in some thin sections and less in others
where we have observed an almost total ouralitization in amphibole. Several
types of pyroxenes have been described, they are augite showing a macle of
albite (Figure 3(f)), and hypersthene.

e Green Hornblende: it represents 20%, in general automorphic. This hornblende
is millimetric to centimetric, very pleochroic (dark green to light green). It is
omnipresent in some parts of the thin section and comes essentially from the
ouralitization of pyroxenes. It is presented in phenoblasts of more or less
elongated shape (up to 2 mm long and 1 mm wide) with two sections: a basal

section with two cleavage planes making 120° and a longitudinal section.

4.1.2. Volcanic Rocks
1) Basalt

The basalt is of massive or deformed aspect (Figure 4(a)). It is generally me-
lanocratic (blackish) and sometimes traversed by veins and veinlets of quartz
and calcite. This rock of basaltic composition has been observed in the Koboko
and Siago localities.

Under the microscope, the basalt has a microlitic porphyry texture (Figure
4(b) & Figure 4(c)). The phenocrysts observed are generally pyroxene and am-
phibole.

e Green Hornblende: abundant, occurs in microliths and often alters to epidote.

e Pyroxenes: not very abundant, automorphic most often in phenocrysts with
two cleavage planes at 90°, most often augite.

e Mesostasis: composed of plagioclase and amphibole rods, is devitrified and
partially recrystallized into epidote and sericite minerals.

Carbonate are also observed, most often associated with sericite, epidote, oxides
and sulfides (Figure 4(d) & Figure 4(e)).

2) Volcanoclastite

These outcrops are located in the locality of Koboko. These rocks are melano-
cratic. Facies with dark minerals (amphiboles and pyroxenes) of millimeter to
centimeter size are the most numerous. These occur locally as breccias and lapil-
lis tuffs (Figure 5(a)). Microscopically, we observe a porphyritic microlithic
texture.

e Mesostasis: contains glass and minerals of carbonates, amphibole, sericite
and quartz. We also note the presence of quartz-carbonate veinlets. The
clasts generally destabilized in carbonates and also phenocrysts of quartz,
amphibole and carbonate are mainly composed of chalcedony and carbonate
(Figures 5(b)-(e)).

¢ Chalcedony: subautomorphic to automorphic, consists of a quartz crown,
there are two generations of quartz depending on their size and carbonates
(Figure 5(c) & Figure 5(d)).

e Carbonates: mainly subautomorphic calcite, recognizable by its Carlsbad

macle.
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Figure 4. Macroscopic et microscopic aspects of basalt. (a) Macroscopic aspect; (b)-(c) Pyroxene
phenocrystal in thin section; (d) Calcite and silica in thin section; (e) Sericitization. (Opx: orthopy-
roxene, Op: opaque, Cal: calcite, Ep: epidote, Ser: sericite).

3) Rhyodacite

These outcrops are located in the Siago and Koboko localities. These rocks are
mesocratic (brownish) with dark minerals (amphiboles) of millimeter to centimeter
size being the most numerous. Quartz phenocrysts are also present (Figure 6(a)).
The microscopic mineralogy of the rhyodacites shows a porphyritic microlithic

texture, composed of plagioclase, amphibole and quartz in a plagioclase matrix.
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Figure 5. Macroscopic et microscopic aspects of volcanoclastite. (a) Macroscopic aspect; (b)-(d)
Chalcedony. (e) Phenocrystal of amphibole. (Pl: plagioclase, Cal: calcite, Amp: amphibole, Qtz:

quartz).

¢ Plagioclase: abundant and automorphic (rectangular), sometimes in pheno-
crysts up to 1.5 mm long and 1 mm wide. It may exist as a micrograin asso-
ciated with the matrix. It is frequently altered to sericite and sometimes shows
zonation (Figures 6(d)-(f)).

e Hornblende: automorphic (rhombic) phenocrysts of about 1.5 mm long and

1 mm wide. It has two cleavage planes at 120° in basal section. It also exists in
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Figure 6. Macroscopic et microscopic aspects of rhyodacite. (a) Macroscopic aspect; (b)-(f) Micro-

scopic aspect. (PI: plagioclase, Ser: sericite, Hbl: hornblende, Qtz: quartz, Opq: opaque).

automorphic micrograin (Figures 6(b)-6(f)).

e Quartz: less abundant, corroded and showing rolling extinction (Figure
6(b)).

e Mesostasis is essentially composed of plagioclase microliths, showing a seri-

citization.

4.1.3. Microconglomerate

These rocks were collected in the localities of Lomo and Iguéla, of brown color,
they are characterized by grains of quartz taken in a clayey cement (Figure 7(a),
Figure 7(b)). Microscopy reveals quartz and muscovite minerals organized in a
granular texture (Figures 7(c)-(f)).

e Quartz: very abundant, 70% to 80% of minerals. It is subrounded and angular

with a diameter of up to 1 mm. It is often in the form of cracked porphyroclasts
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Figure 7. Macroscopic et microscopic aspects of microconglomerate. (a), (b) Macroscopic aspect;
(c)-(f) Microscopic aspect. (Mus: muscovite, Qtz: quartz, Op: opaque, Ser: sericite).

showing a direction of deformation and also in micro grains (Figure 7(f)).
These grains have a preferential orientation.

e Muscovite: rare, showing a wavy extinction and a bright hue. It is found only
in the matrix (Figure 7(f)).

e Matrix: less than 20%, it is made of ferro-titanium clay with an important se-

ricitization.

4.2. Geochemistry

These Major element (wt%) chemical analyses (Table 1) of the samples are
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Table 1. Major element composition (%) of the samples collected.

Sample GOU 1 GOU 2 GOU 3 GOU 4 KOB 1 KOB 2 KOB 3 ‘ KOB 4
Plutonic  Plutonic  Plutonic  Plutonic = Volcanic  Plutonic  Volcano-clastic ~ Volcanic
Si0o, 49.8 54.2 52.27 48.72 52.57 49.86 50.14 67.02
TiO, 0.85 0.93 0.75 0.8 1.01 1.37 0.81 0.42
AlLO, 16.66 15.31 14.75 13.75 14.57 14.08 12.85 15.02
Fe,O, 9.72 11.19 9.79 14.22 11.69 14.59 8.84 4.63
MnO 0.14 0.15 0.16 0.22 0.21 0.22 0.16 0.07
MgO 6.31 5.29 9.07 7.36 6.41 5.61 3.61 1.51
CaO 10.39 8.08 9.03 11.3 7.85 9.07 10,01 3.3
Na,O 3.11 3.29 2.25 1.95 4.09 2.76 2.32 5.28
K,0 0.74 0.45 0.8 0.18 0.21 0.4 0.38 1.06
P,0O, 0.11 0.14 0.11 0.06 0.11 0.07 0.09 0.11
Cr,0, 0.04 0.03 0.07 0.03 0.04 0.01 0.05 0.02
LOI 1.42 1.08 1.58 2 2.04 2.8 10.98 0.79
Sample DAK 1 DAK% SIA 1‘ SIA 2‘ ‘ LOM1 ‘ IGU 1
Plutonic Plutonic Volcanic Plutonic Micro-conglomerate Micro-conglomerate
SiO, 49.11 50.75 78.38 52.03 80.32 86.14
TiO, 1.9 0.78 0.25 1.25 0.46 0.22
AlLO, 14.87 16.06 10.39 13.11 8.99 6.23
Fe,O, 15.15 10.21 3.03 14.19 5.63 3.62
MnO 0.16 0.15 0.22 0.23 0.03 0.02
MgO 5.27 7.29 2.54 5.69 0.39 0.29
CaO 9.04 10.52 0.26 9.76 0.09 0.07
Na,O 2.53 2.66 1.92 2.65 0.12 0.12
K,0 0.38 0.4 0.44 0.22 2.63 1.82
P,0, 0.07 0.05 0.13 0.08 0.04 0.03
Cr,0O; 0.03 0.07 0.01 0.01 0.02 0.01
LOI 1.6 2.12 2.53 1.74 1.34 0.64

projected onto discriminant diagrams to establish the classification and nomen-
clature of all the rocks. The rocks reported in the discriminating diagram of [29],
(Figure 8), allows to distinguish two sets of geological formations namely mag-

matic and sedimentary rocks.

4.2.1. Magmatic Rocks
1) Plutonic rocks
These rocks (GOU, DAK, KOB 2, SIA 2) are characterized by SiO, contents of
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Figure 8. P,0,/TiO, versus MgO/CaO diagram of [29] applied to Gouméré rocks.

48.72% to 54.2% and alkalis (Na,O + K,O) of 2.85% to 3.87%, which give them a
gabbro and gabbroic diorite composition on the classification diagram of [30]
(Figure 9). Al,O, contents vary between 13.11% and 16.66%; MgO between
5.29% and 9.07%; Fe,O; between 9.72% and 15.15%. CaO contents vary from
8.08% to 11.3%, Na,O from 1.95% to 3.29% and K,O from 0.18% to 0.8%. MnO
contents are between 0.14% and 0.23%. The TiO, values are lower than 2%
(Table 1).

2) Volcanic rocks

The basalt (KOB 1), (Figure 10) has SiO, contents of 52.57% (Table 1); MgO
of 6.47%; Fe,O; is 11.69%; AL O; of 14.57% and CaO of 9.07%. Na,O and K,O
contents are 4.09% and 0.21% respectively. The low TiO, content of 1.37% of the
analyzed basalt resembles those of plutonic rocks of magmatic arcs [31], but are
different from intraplate basalts, which often possess high TiO, contents (>2%).
This mafic volcanoclastite (KOB 3) is characterized by SiO, contents of 50.14%
(Table 1); MgO of 3.61%; Fe,O; of 8.84%; Al,O; of 12.85% and CaO of 10.01%.
Na,O and K,O contents vary respectively by 2.32% and 0.38%; MnO by 0.16%.
Low levels of TiO, (0.81%) are also observed. This rock corresponds to basaltic
andesites as shown in the diagram of [30], (Figure 10).

Rhyodacite (KOB 4) shows SiO, contents of 67.02%; MgO of 1.51%; Fe,O; of
4.63%. Al O, varies by 15.02%; CaO by 3.3%; Na,O by 5.28%; K,O by 1.06% and
MnO by 0.07%. TiO, values are less than 2% (0.42%).

4.2.2. Sedimentary Rocks

Reference [29], allows us to discriminate magmatic to sedimentary rocks. We

DOI: 10.4236/ijg.2024.152012

191 International Journal of Geosciences


https://doi.org/10.4236/ijg.2024.152012

F. J.-L. H. Kouadio et al.

Tawite/Urtite/Italite
Legend
B GOU
@ DAL
© 4. KOB
S & siA
@
)
Foidolit O
oidolite & o@g\@ @é\
e} & (o@‘\ 2
¥ o
- 7 > o
& S @
cQS' Q@§/§o Q\)éd;o‘\\
pd & Monzonite 001’
&
Qé\b \Q@ Monzo
S diorite /
o Monzo- Granite
gabbro
I.D —
[]
o | M| o 5
SeMESs | 5 E
5 0 am | 8°| ° o
23 ©
LS Quartzolite
© T T T T T
40 50 60 70 80 90
SiO,
Figure 9. TAS diagram after [30] applied to analyzed plutonic samples.
Sodalitite/Nephelinolith/Leucitolith
Legend
A XOB
- Phonolite
Q
¥ o_|
+ bt
(@)
N
®
pd
Lo_
A 2] 2
sl £ 3
' S c C [a)
°'m Bsl <
s g Silexite
© T T | T |
40 50 60 70 80 90

SiO,
Figure 10. TAS diagram after [30] applied to analyzed volcanic samples.

DOI: 10.4236/ijg.2024.152012 192 International Journal of Geosciences


https://doi.org/10.4236/ijg.2024.152012

F. J.-L. H. Kouadio et al.

have highlighted two samples of sedimentary origin: IGU 1 and LOM 1 (Figure
8). This diagram is based on P,0,/TiO, ratios versus MgO/CaO. These ratios give
values for sandstones (metasediments) between 0.09 - 0.14 for P,O,/TiO, and
4.14 - 4.33 for MgO/CaO.

Reference [32] diagram based on the log (SiO,/Al,0,) and log (Fe,0,/K,0) ra-
tios, shows a litharenite and sublitharenite composition respectively for the sam-
ples of IGU 1 and LOM 1 (Figure 11).

4.3. Metallogeny
4.3.1. Hydrothermal Alteration

Gold mineralization in the Gouméré area occurs in mafic volcanics and in mi-
croconglomerates. The processes that affected these formations result in the
formation of quartz veinlets and are accompanied by hydrothermal alterations.

Carbonation, silicification, sericitization and sulfidation are the most impor-
tant alterations in the study area. Carbonation leads to the impregnation of the
surrounding rocks by carbonates. The commonly encountered carbonates are
calcites and to a lesser degree, dolomites and/or ankerites. They are found per-
vasively in rocks (Figure 12(d), Figure 12(f)). Carbonation is greatest in mafic
lava where all calcic plagioclase and other minerals are destroyed and replaced
by calcite, dolomite or ankerite.

Silicification indeed appears as the process of impregnation of the surrounding
rocks by silica (quartz, chalcedony). It includes at least two phases: one being a
quartz-feldspar vein (Figure 12(a), Figure 12(b), Figure 12(e)) and the other
being related to sulphides and carbonates (Figure 12(a), Figure 12(d), Figure
12(f)). The first phase would correspond to vein alteration; these are phenomena
of clogging of fractures by hydrothermal fluids highly enriched in metals. The

second phase is manifested by the abundance of fine quartz and chalcedony
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Figure 11. Diagram of [32] applied to microconglomerate.
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Figure 12. Hydrothermal alteration of the geological formations of Gouméré. (Mus: muscovite,
Qtz: quartz, Oxy: oxyde, Ser: sericite, Cal: calcite, Dol: dolomite, Calce: chalcedony, Sul: sulfide,

Mag: magnetite, Chal: chalcopyrite, Pyr: pyrite, PI: plagioclase, Sil: silica).

minerals in mafic volcanic rocks, associated with calcite (Figure 12(a)). Sericite
minerals are generally common in feldspar-rich volcanic and sedimentary rocks.
Indeed, the strongly sericite zone developed around gold-bearing quartz veins or
in mineralized zones is of hydrothermal origin. Sericitization accompanies the
establishment of gold mineralization (Figure 12(e)). The process of forming
sulfides is called sulfidation. In Gouméré, sulphides are mainly formed of pyrite
and chalcopyrite (Figure 12(f)). The oxidation of these sulfides gives titanium iron

oxides in occurrences magnetite and hematite (Figure 12(f)). In the area studied,
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sulfidation is more significant in highly deformed zones. Sulfides are generally con-
centrated in mineralized zones invaded by numerous quartzcarbonate veins and/or

veinlets.

4.3.2. Chemical Characterization of Alteration

The mineralized zones are intensely deformed and have undergone pervasive al-
teration. There is a gradual reduction in the intensity of the alteration as one
moves away from the mineralized zones. The formulas of [33] and [34] made it
possible to make a quantitative evaluation of the alteration minerals. These two
parameters were plotted on the same diagram to evaluate the enrichment of the
surrounding rocks in alteration minerals (Figure 13). All rock samples were
plotted on the IA-ICCP diagram. It appears that most of the samples are affected
by hydrothermal alteration. They are all generally grouped in the ankerite-sericite-
chlorite triangle and converge more towards the ankerite-dolomite poles. The

microconglomerates, on the other hand, are richer in sericite (Muscovite).

4.3.3. Metalliferous Paragenesis
Metalliferous paragenesis is mainly formed of pyrite, followed by chalcopyrite.
The sulphides occur either in the form of veinlets parallel to the schistosity or in

the interstices of the minerals, or in the form of automorphic phenocrysts. The
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Figure 13. IA-ICCP variation diagram applied to mineralized rocks and alteration minerals of the geological for-

mations of Gouméré.
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former are anteschistose while the latter demonstrate post to late tectonic re-
crystallization. Gold mineralization appears to have a close relationship with
sulphides. The grains of pyrite are either disseminated in the host rocks or either
in filling of the microfractures in the host (Figure 14(a), Figure 14(f)). Pyrite
occurs in the form of fine xenomorphic crystals, elongated rods, aggregates or
subautomorphic porphyroblasts (Figures 14(b)-(d)). There are two generations
of pyrite: early pyrite in fine grains aligned along the S1 schistosity and late py-
rite in the form of randomly oriented aggregates. The preferential orientation of
the pyrite crystals suggests that they formed before or during deformation
(Figure 14(b), Figure 14(c)). Some pyrites are interpreted as replacement
minerals (Figure 14(d)). They often show flowing or distorted movements

Figure 14. Metalliferous minerals of the geological formations of Gouméré, (Pyr: pyrite, Chal:
chalcopyrite, Mag: magnetite).
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(Figure 14(b), Figure 14(d)).

Chalcopyrite appears in the form of fine xenomorph to automorph grains or
phenocrysts. They are isolated or often associated with pyrite, hematite and mag-
netite (Figure 14(f)). They are often inclusions in pyrite (Figure 14(e)). Chal-
copyrite also occurs in the form of fine, disseminated xenomorphic crystals and

in aggregates (Figure 14(f)).

5. Discussion

5.1. Lithologically

The petrographic study of geological formations shows a variety of rocks in the
area studied: plutonites, volcanics and microconglomerates. Gabbros, basalts,
volcanoclastites and rhyodacites constitute the main volcano-plutonite forma-
tions encountered. These formations were also described by “[35] [36]” in Gha-
na in the Bui furrow and “[8] [9] [27]” in the study area. We also note the pres-
ence of microconglomerate with a quartz character. This rock is similar to the
quartzite described by [36] in the Ghanaian Tarkwaian. The microconglomeratic
level with quartz and phyllite minerals, observed at Iguela and Lomo, is similar
to the Banket series described by [37] and [36] in the Ghanaian Tarkwaian.
These results were obtained by [8] in Koun Fao and [9] in the same area. Refer-
ence [38] also assert that the Tarkwaian in Burkina-Faso is made up of sand-
stone, quartzite, arkose, phyllite and conglomerates (with pebbles from the adja-
cent greenstone belt: quartz, rhyolite, schist) weakly metamorphosed [39]. The
petrographic study showed that the surrounding rocks of the Gouméré region
have undergone metamorphic and hydrothermal alteration processes. Commonly
observed alteration minerals are: sericite, epidote, chlorite and hornblende + acti-
nolite. All these minerals are only low pressure minerals; there are no high pres-
sure minerals. The presence of chlorite, epidote, sericite and actinolite in the
rocks indicates that the region was affected by greenschist facies metamorphism.
These metamorphism conditions were described by [6] [38] [40] and [41]. The
rocks studied indicate that the lithostratigraphy of the south of the Bui furrow is
similar to that of most of the volcano-sedimentary furrows of the Baoulé-Mossi
domain, except for the presence of granitoids in our analyzed samples “[6] [19]
[38] [41] [42] [43]”.

5.2. Geochemically

Geochemical data reveal two major geological groups [29], namely igneous rocks
and sedimentary rocks. The TAS Diagram applied to plutonites allowed us to
highlight gabbros and gabbros-diorites. The volcanics have compositions of ba-
salt, rhyodacite and volcaniclastics with a background of basaltic andesite. These
geochemical characters are similar to those described by [6] [40] and [44] in the
gabbros and basalts of the Agbahou and Bobosso gold deposits, located respec-
tively to the south and north of the Fettékro furrow. These same characters were

highlighted on the green rocks of the Séguéla region on the Fouimba and Goma
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mountains [45]. Concerning the sediments (litharenites and sublitharenites),
they were highlighted by the diagram of [32] and are similar to those of the
Comoé basin described by [8]. All these formations have very low TiO, contents
which are between 0.22% - 1.9%. This suggests that these are similar to the rocks
of the magmatic arcs [31] described by several authors in the Toumodi Fettékro
furrow “[6] [41] [46]”. The alteration minerals of the Gouméré formations ac-
cording to the IA-ICCP diagram are carbonates (ankerite and dolomite), seri-
cites and chlorites. These hydrothermal alteration minerals are identical to those
described by [6] in the Agbahou deposit.

5.3. On the Metallogenic Level

The Gouméré formations show vein type mineralization of quartz-carbonate
with sulphides and disseminated sulphide mineralization in the surrounding
areas. This bimodal distribution of gold has also been demonstrated in the de-
posits of the Ashanti belt in Ghana [47], Agbahou in Cote d’Ivoire [6] and in
several deposits regionally and globally known gold mines. However, if in the
Ashanti belt, vein type mineralization and disseminated sulphide mineraliza-
tion are of equal importance, at Gouméré disseminated sulphide vein minera-
lization is predominant. According to several authors including “[47] [48] [49]”,
there is a more or less close genetic relationship between these two types of
mineralization. They are interpreted as manifestations of several episodes of
hydrothermal fluid infiltration and mineral deposition along the shear zones.
This suggests the contemporaneity of quartz vein type mineralization and dis-
seminated sulphide mineralization in the surrounding areas. For [47], they are
products of mesothermal fluids (pressure = 2 - 5 Kbars and temperature =
400°C + 50°C) and the gold mineralization is largely syn-metamorphic and
syn to post-tectonic.

In Gouméré, quartz-carbonate-sulphide vein type ores are characterized by
gold contents and an abundance of sulphides (pyrite in higher proportions, fol-
lowed by chalcopyrite, magnetite and hematite). The sulphide ores disseminated
in the surrounding areas, on the other hand, seem to be dominated by pyrite and
chalcopyrite minerals. In terms of metalliferous paragenesis, Gouméré appears
on the one hand similar to the deposits of Aféma, Agbahou (in Cote d’Ivoire; [6]
[50] [51]), Bogosu and Prestea (in Ghana, [47]) where the proportions of pyrite
are higher compared to arsenopyrite, and on the other hand different from the
Ashanti and Konongo deposits (in Ghana, [52]) and Passagem (in Brazil, [53])
having arsenopyrite as the dominant mineral.

Hydrothermal alteration is marked by silicification, carbonation and sulfida-
tion, and to a lesser degree sericitization and chloritization. Geochemical and
petrographic data further revealed the probable existence of carbonation, sul-
fidation, silicification, sericitization and chloritization phenomena. In the Sabo-
dala gold deposit (in Senegal), the hydrothermalism which affected the sur-

rounding rocks is marked by strong albitization [54].
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6. Conclusion

This present study highlights the geology of Gouméré thanks to a petrographic,
geochemical and metallogenic study. The geological formations of the Gouméré
region are made up of basalts, gabbros, rhyodacites, volcaniclastics and mi-
cro-conglomerates (litharenite and sublitharenite). These rocks were highlighted
thanks to macroscopic, microscopic petrography and geochemistry studies.
These lithologies were generally affected by hydrothermal alteration processes
(pervasive and veins). The pervasive alterations observed are silicification, chlo-
ritization, carbonation, sericitization and sulfidation. The vein alteration consists
of quartz-feldspar-carbonate veins and veinlets. This hydrothermal alteration is
highlighted thanks to microscopic and geochemical studies of the rocks in the
study area. Metalliferous paragenesis is mainly formed of pyrite and chalcopy-
rite, which are often associated with hematite and magnetite. This paragenesis is
either filling in microfractures or in the form of veinlets, or in association with
minerals disseminated throughout the rock. The data from this study also show
that gold mineralization would be linked to hydrothermal alteration characte-
rized, among other things, by the presence of carbonates and sulphides. In fact,
these are iron-bearing carbonates (ankerite) and pyrite-type sulphides, and
chalcopyrite with a common denominator which is iron. We know that iron Fe**
is a chemical factor favorable to the precipitation of gold. They also show a
syn-kinematic, post-peak metamorphic character and could belong to the family

of epigenetic gold deposits.
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