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Abstract

The Birimian Baguiomo formations are located in the northern part of the
Boromo greenstone belt. In this belt, the volcanic rocks (tholeiitic basalt, calc-
alkaline basalt, andesite) hosting the gold mineralization are located in the
Kwademen-Baguiomo shear zone. This mineralization, located only a few ki-
lometers from the Kwademen gold deposit, is uncharacterized and, together
with the latter, could constitute a gold potential capable of being economical-
ly exploitable. It is in this sense that this work is carried out with a view to
characterizing the gold mineralization of the Baguiomo gold panning site. To
carry out this work, we have made direct field measurements, combined with
microstructures, and combined all this with data from geochemical rock analy-
sis of the basalts that are the main host formations. Geochemical data show
that tholeitic basalts formed from a mantle plume that was emplaced in an
oceanic plateau context. Calc-alkaline basalts and andesites are comparable to
Paleoproterozoic tholeitic basalts (PTH3), which are slightly enriched in light
rare earths. Fertility tests show that these basalts concentrate between 3 and 6
ppb of gold at the time of accretion, which is sufficient for remobilization of
this primary gold during the Eburnian orogeny to yield a deposit of around 4
- 5 Moz. Gold mineralization is associated with pyrite crystals when the latter
are disseminated in the rock mass, whereas it is associated with hematite in
quartz veins concordant with S1 shear deformation. It is mainly the pyrite
crystals in the pressure shadows that contain the gold grains, whose develop-
ment would be synchronous with micro-shear zone reactivation during the
first phase of D1y deformation. The second phase of D2 deformation, which
is a crenulation or fracture schistosity, does not significantly affect the shear
deformation that controls mineralization.
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1. Introduction

Burkina Faso, like the Man/Léo Ridge, is rich in gold and base metal deposits
(Figure 1) located in greenstone belts ([1]-[6]). In these greenstone belts, the
various deposits identified are contained in shear zones ([1] [2] [3] [7] [8] [9]
[10]). Gold and base metal mineralization is linked to the circulation of hydro-
thermal fluids, which interact with the surrounding rocks to crystallize new min-
erals. This mineralogical assemblage, closely linked to hydrothermal alteration,
is at the origin of the concentration of numerous deposits, especially gold depo-
sits in orogenic settings ([1] [11] [12]).

Two styles of mineralization are distinguished across the craton: disseminated
gold mineralization with high tonnage and low grade, and quartz vein-hosted
mineralization with low tonnage and high grade ([13] [14] [15] [16]). In the first
type, gold is contained in disseminated sulfides and distributed throughout the
host rock mass, whereas in the second type, gold is generally in the form of free
gold or included in sulfides.

The Boromo greenstone belt is known for its gold and base metal potential,
and includes the Poura, Bissa gold, Kalsaka, Konkéra, Torkéra and Nassara gold
deposits, the Perkoa zinc deposit, the Diénéméra-Gongondy copper porphyry
and the Kwademen gold deposit. The present study was carried out in the Ba-
guiomo area, around 25 km from Koudougou and 15 km from Tenado (Figure
2). The aim of this study is to characterize the Baguiomo gold mineralization in
terms of deformation and hydrothermal alteration. To do this, we combined di-
rect field measurements with microstructures and metallography, all coupled
with total rock geochemistry data. The data are discussed and compared with

other gold deposits.

2. Geological Context

As with the Man/Léo dorsal, the west-central region is formed by formations of
Paleoproterozoic age, also known as Birimian formations ([17]). These forma-
tions are organized in greenstone belts alternating with vast batholiths of grani-
toids of the tonalite, trondhjemite and granodiorite (TTG) series ([18] [19]). The
greenstone belts and batholiths (TTG) are subsequently intruded by granitoids
of various compositions, with calc-alkaline to alkaline affinity ([20] [21] [22]
[23]). These greenstone belts are composed of ultrabasite, pillow lava basalt with
tholeiitic affinity and andesite, which make up the volcanic unit. This volcanic
unit is surmounted by the volcano-sedimentary to sedimentary unit formed of
sediments intercalated with basic to intermediate volcanic dykes with calc-alkaline
affinity, such as dacites, rhyodacites and rhyolites ([8] [24] [25] [26] [27] [28]).
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Figure 1. (A) Simplified lithostructural and metallogenic map of the modified Léo Ridge,
(B) Lithostructural and metallogenic map of Burkina Faso showing the position of the
various deposits; the study area is shown in blue.
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Figure 2. Lithological map of the study area (modified from Castaing et al, 2003). (A)
simplified geological map of Burkina with gold mineralization showings, (B) geological
map of the study area showing the location of the Kwademen and Baguiomo gold depo-
sits and many other showings.

DOI: 10.4236/0jg.2024.141001 3 Open Journal of Geology


https://doi.org/10.4236/ojg.2024.141001

P. Ouiya et al.

These formations are affected by polyphase deformation ranging from DI
through D2 to D3 ([23] [28] [29]). The first phase of deformation (D1), marked
by general NW-SE shortening orients the structures in a NE-SW to N-S direc-
tion. The second and third deformation phases (D2-D3) are responsible for the
N-S to NE-SW shear zones. The Baguiomo gold mineralization is located in the
northern part of the Boromo greenstone belt, where the formations are mainly
volcanic, volcanosedimentary and sedimentary (Figure 3). From all the work in
the area, it emerges that the Tenado zone, which includes the Baguiomo area, is
formed of basalt, andesite and rhyolite, which are associated with pyroclastites
(volcanic breccia of andesitic nature, tuffs) and sediments (graphitic, argillite,
chert) ([7] [28] [30]).

This ensemble is cut by late gabbro, dolerite and microdiorite dykes. The work
of ([7]) shows that the Kwademen formations are affected by ductile deforma-
tion (D1) developed under greenschist facies conditions underlined by S1 schis-
tosity with an average orientation of NNE-SSW. The second phase of deforma-
tion is a ductile-breaking to brittle deformation marked by an S2 crenulation

schistosity.

3. Methodology

The methodology used to arrive at our results was divided into two phases: the
field phase and the laboratory phase. The field work consisted of direct mea-
surements of structures directly visible in the field, using a compass and a cli-
nometer. During the field phase, we collected rock samples brought up by gold
miners and many other outcrops. The laboratory phase involved making a dozen
mine slides for the various studies (petrographic, microstructural, metallographic).

For geochemistry, a set of four (04) samples were selected, some crushed and
the rest ground into a fine powder at BUMIGEB (Bureau des Mines et de la
Géologie du Burkina). The powders from the various samples were packaged in
vials, labelled and sent for analysis. Major and trace elements were analyzed us-
ing ICP-AES (Inductively Coupled Plasma Atomic Emission Spectrometry) at
ACME analytical laboratories Vancouver Ltd.

4. Results

4.1. Geochemical Data from Baguiomo Basalts

The rocks hosting the mineralization are basalts and basaltic andesites. The ba-
salts contain 50.5 to 50.9 wt.% SiO,, 12.7 to 12.9 wt.% Fe;Os, 4.5 to 5.5 wt.%
MgO and 1.1 to 1.2 wt.% TiO,. The values for calc-alkaline basalts and andesites
are respectively 54 and 55 wt.% SiO,, 9.6 and 11.5 wt.% Fe,O;, and 0.6 to 1.2
wt.% TiO, and 3.8 wt.% MgO for each. Analytical data showing the different
trends of tholeiitic basalts, calc-alkaline basalts and andesites are reported in Ta-
ble 1.

In the TAS diagram of ([31]), our data are housed in the field of basalts and

andesitic basalts (Figure 3(A)). Basaltic andesites are found to be calc-alkaline
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Figure 3. Discrimination diagram for Baguiomo volcanic rocks. (A) SiO: vs. Na;O + K.O naming diagram showing the fields of
tholeithic basalt (yellow cross), calc-alkaline basalt (green cross) and andesite (blue cross) rocks from Baguiomo ([31]); (B) Dia-
gram showing the affinities of Baguiomo volcanic rocks ([32]).

Table 1. Representative major (wt%) and trace (ppm) elements compositions for the Ba-
guiomo basalts, calc akaline basalt and andesites rocks.

SAMPLE Ba: Ba; CA-Ba And

Major elements (wt%)

SiO» 50.9 50.5 54 55
TiO; 1.1 1.2 0.6 1.2
ALOs 14.2 15.2 13.7 14.7
Fe:0s 12.7 12.9 9.6 11.5
MnO 0.2 0.2 0.2 0.2
MgO 4.5 5.5 3.8 3.8
CaO 13.1 12.4 13.6 8.5
Na:0 13 1.4 13 32
K:0 0.1 0.2 0.2 0.3
P,0s 0.1 0.1 0.1 0.1
LOI 1.9 0.5 2.8 1.4
Total 98.1 99.5 97.2 98.6

Traces elements (ppm)

Rb 4.5 3.4 9.9 8
Ba 394 61 46 184
Sr 163.1 191.9 313.4 290.6
Th 0.5 0.2 1.4 1.7
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Continued
U 0.2 <0.1 0.4 0.5
Ta 0.3 0.3 0.4 0.3
Nb 3.4 3.2 4.1 4.1
Hf 1.6 1.9 2.3 3.1
Zr 55 65.7 82.6 111.3
Sc 37.9 24.7 22.3 17.4
La 6.7 4 11.4 12.6
Ce 9.4 9.9 22.9 24.2
Pr 2.1 1.6 3.2 3.1
Nd 10.3 8.9 13.9 13.8
Sm 2.9 2.6 2.8 3.4
Eu 1 1.1 0.9 1
Gd 3.9 3.8 34 3.7
Tb 0.7 0.6 0.6 0.7
Dy 4.3 4.2 3.8 3.6
Ho 0.9 1 0.8 0.9
Er 2.7 2.9 2.5 2.9
Yb 2.5 2.8 2.5 2.8
Lu 0.4 0.4 0.4 0.4
Eu/Eu* 0.90 1.03 0.85 0.84
(La/Yb)x 1.81 0.99 3.15 3.06
(La/Sm)n 1.45 0.96 2.55 2.32
Au 6 ppb 3 ppb 5 ppb 5 ppb

Ba = basalt; CA-Ba = calc akaline basalt; And = andesite.

basalts (green cross) and andesites (blue cross) in the AFM diagram by ([32])
(Figure 3(B)). Tholeiitic basalts are weakly enriched in iron in the same dia-
gram. In ([33]) diagram, tholeiitic basalts, calc-alkaline basalts and Baguiomo
andesites are all placed in the field of tholeiitic lavas (Figure 4(A)), as are the
other Paleoproterozoic tholeiitic basalts of the West African craton ([28] [34]).
Rare earth spectra normalized to chondrite in the diagram of ([35]) show rela-
tively flat spectra for tholeiitic basalts (La/SmN = 0.96 - 1.45; La/YbN = 0.99 -
1.81), with low europium values (0.90 - 1.03) suggesting an absence of fractiona-
tion (Figure 4(B)). In the same diagram, rare-earth spectra for andesites and
calc-alkaline basalts show a flat profile for heavy rare earths and low enrichment
in light rare earths (8 - 9 x chondrite; La/SmN = 2.33 - 2.55; Figure 4(B)). The
tholeitic basalts from Baguiomo display the same common characters of oceanic
plateau-derived basalts already studied in the West African craton ([34] [36]).

Calc-alkaline basalts and andesites are comparable to Paleoproterozoic tholeitic
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Figure 4. Magmatic affinity diagrams of Baguiomo volcanic rocks. (A) Positions of Baguiomo volcanic

rocks on the Feo/MgO Vs. SiO; diagram ([33]) also showing the field of the Paleoproterozoic tholeiitic se-
ries (PTH1) of the West African craton according to ([34]); (B) Rare earth element diagram normalized to

chondrite for Baguiomo volcanic rocks ([35]).

basalts ([34]). The negative europium anomaly in calc-alkaline basalt and ande-

site could signify feldspar fractionation.

4.2. Mineralized Body Structures

The Baguiomo mineralized zone is a gold panning site several kilometers long
and around 1 km wide. The mineralization is hosted mainly by basalts, volca-
no-sediments (volcanic breccia of andesitic nature) and sediments (Figure 5).
These host rocks are intersected by late Gabbros dykes in the southern part and
by granite in the western part.

Apart from the gabbro, all the formations are affected by two phases of de-
formation. The first phase of deformation at the Baguiomo scale, called D1, is a
shearing deformation developed under greenschist facies conditions. The S1
schistosity that marks this deformation is fairly penetrative, with a direction va-
rying from N-S to NNE-SSW. Dips are steep to sub-vertical. Generally speaking,
the average direction is NO°E/75W. The second phase of deformation, D2, is a
brittle deformation that repeats the first phase of deformation, D1g. The S2
schistosity that marks this deformation is locally ductile-cracking with a variable
orientation in the N96°E/80°NE and N46°E/75NW directions. The orbedded
quartz vein is concordant with the S1 schistosity (Figure 6(A)). Microscopically,
the first phase of alteration is highlighted by biotite, chlorite and iron oxide
(Figure 6(B), Figure 6(C)). The second phase of deformation is highlighted by
carbonate-filled fractures (Figure 6(D)).

4.3. Hydrothermal Alteration of Host Formations

The formations hosting the mineralization are affected by hydrothermal circula-
tion of variable intensity. These are essentially basalts and andesitic basalts. In

distal zones, hydrothermal alteration is of low intensity in volcanic rocks (basalts,
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Figure 5. Litho-structural map of Baguiomo showing the various deformation structures af-
fecting the different formations. The Kwademen and Baguiomo gold deposits are contained
within the Kwademen-Baguiomo shear corridor (red lines).

Figure 6. Photograph and microphotographs showing the different deformation structures af-
fecting the mineralized zone. (A) Photograph showing gold pits following S1 shear deforma-

tion; (B) S1 shear deformation underlined by biotite-chlorite and oxides; (C) Image seen in
natural light of b; (D) Image showing carbonate-filled microfractures underlining S2.
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andesitic basalts) (Figure 7(A)). The resulting paragenesis is the mineralogical
association of biotite-chlorite-carbonate-iron oxide * quartz + pyrite (Figures
7(B)-(D)).

This first phase of alteration is superimposed by moderate silicification with
disseminated pyrite crystals (Figure 8(A)). The mineral association characteriz-
ing this paragenesis is carbonate-quartz-white mica-pyrite-pyrrhotite + chlorite
(Figure 8(B), Figure 8(C)). This silicification phase is accompanied by a pyriti-
zation phase (Figure 8(D)) that develops at the expense of the carbonates
(Figure 8(E)). The difference in competence between the matrix and the pyrite
crystals causes the latter to rotate during D1y deformation, creating pressure
shadows. These pressure shadows around the pyrite crystals are quartz-filled
(Figure 8(F)).

The last phase of hydrothermal alteration is intense silicification (Figure
9(A)). In the field, this is reflected in a quartz vein concordant with the S1
schistosity, where gold-panning activity is intense. This vein is impregnated with
oxide and pyrite-Au. Microscopically, the mineralogical association that charac-
terizes this alteration is quartz-oxide-pyrite-carbonate-white mica (Figure 9(B),

Figure 9(C)). These oxides may be hematite, as shown in Figure 9(A).

4.4. Gold Mineralization

Gold mineralization at Baguiomo is linked to pyrite crystals that are disseminated

Figure 7. Microphotographs showing the paragenesis of low-silicified basalt. (A) Photo-
graph of a basalt weakly affected by hydrothermal alteration with a few disseminated py-
rite crystals; (B) image seen in analyzed and polarized light of a biotite-rich S1 shear
band, with pyrite crystals developing at the expense of carbonates, probably ankerite; (C)
image seen in natural light showing the S1 highlighted by biotite, chlorite and oxides, (D)
image seen in analyzed and polarized light showing weak silica impregnation in the ba-
salt. The biotites are locally transformed into white mica.
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Figure 8. Microphotographs showing the paragenesis of moderately silicified basalt. (A)
Photograph of a basalt affected by hydrothermal alteration with pyrite crystals dissemi-
nated in the rock mass; (B) image showing a white mica band in a quartz, white mica and
carbonate matrix; (C) pyrite crystal taken in a white mica-rich shear band; (D) Aggregate
of pyrite crystals arranged in the plane of the S1 schistosity; (E) Pyrite crystal replacing

carbonate, probably ankerite; (F) Pressure shadow around a pyrite crystal with fibrous
quartz filling.

in the rock mass within andesitic basalts and basalts. Of all the sulfides (pyrite,
pyrrhotite) identified in the mineralized zone, gold is linked to pyrite crystals
when the latter are dispersed throughout the rock mass, whatever the nature of
the host rock (Figures 10(A)-(D)). It is the pyrite crystals around which pres-
sure shadows parallel to S1 develop that contain the gold mineralization (Figure
10(A), Figure 10(C)).

In the gold-bearing quartz vein, gold is bound to reddish hematite (Figure
10(E)). Hematite may also result from the destabilization of pyrrhotite (Figure
10(F)). Gold in pyrite crystals occupies microfractures (Figure 10(D)), precipi-
tates from pyrite crystal faces (Figure 10(B)) or coexists with hematite. Their
sizes range from micrometers to a few micrometers (Figure 10(B), Figure 10(D),
Figure 10(E)).
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Figure 9. Photograph and microphotographs showing the minerals in the orbedded

quartz vein ore. (A) Photograph of the oxide and pyrite-injected quartz vein following the
S1, which is locally taken up by the S2; (B) (C) The various minerals in the quartz vein
ore.

5. Discussion

The Baguiomo gold mineralization is hosted by basaltic formations that were
strongly sheared during the first phase of D1y deformation marked by S1. This
deformation is taken up by a second phase of deformation D2y which is a frac-
ture schistosity S2.

Geochemical data show that these basalts would have been emplaced in an
oceanic plateau setting like the Paleoproterozoic basalts ([30] [34] [36]). They
are compatible with iron-enriched Paleoproterozoic tholeiitic basalts (PTH1)
emanating from a mantle plume eruption in an oceanic plateau around 2250 to
2200 Ma ([34]). This would prove that the tholeiitic basalts of the Baguiomo re-
gion originate from a mantle plume erupted from an oceanic plateau. It has been
shown that most large orogenic gold deposits and provinces are related to man-
tle plume activity ([15] [36] [37] [38]). It is therefore primary gold in these ba-
salts that is remobilized and then precipitated as a deposit in shear zones, refer-
ring to the work of ([39]).

Indeed, fertility tests for Baguiomo basalts range from 3 - 6 ppb. Studies have
shown that to form a deposit the size of 1 Moz, 19 km? of tholeiitic basalts with 1
ppb of primary mineralization are required ([40]). Based on this principle, a gold
deposit of between 4 and 5 Moz can be formed in the Baguiomo area, which is

more than sufficient for an industrial operation.
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Figure 10. Microphotographs showing the relationship between Au and sulfides. (A)
Image of a fractured pyrite at whose interfaces a quartz-carbonate-filled pressure shadow
develops; (B) Gold grain filling the fractured pyrite; (C) Pyrite crystal developing a
pressure shadow whose direction of growth is parallel to S1; (D) Gold grains precipitating
on the faces of the pyrite crystal; (E) (F) Gold grains developing in the vicinity of pyrrhotite

and hematite.

Gold mineralization is linked to hydrothermal fluid circulation from ductile to
ductile-breaking to brittle stages ([41] [42] [43]). In fact, as the fluid rises, there
is an interaction between the original minerals of the host rock and the fluid,
and this is reflected at the time of crystallization by mineralogical assemblages
related to this composition ([44]). This means that the hydrothermal fluids inte-
racted with the Baguiomo basalts to remobilize the primary gold and all the oth-
er elements required to produce the various parageneses described above.

The paragenesis related to mineralization is controlled by the intensity of sili-
cification and the pyritization phase. At Baguiomo, it is mainly the pyrite crys-
tals at whose interfaces pressure shadows develop that contain the gold grains.
Some players ([41] [42] [43] [45]) have demonstrated that these pressure sha-
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dows are due to a subsequent reactivation of the micro-shear zones causing the
latter to develop around the pyrite crystals. This reactivation must have caused a
localized and repeated drop in pressure, inducing a reaction between the fluid
and the host rock, followed by crystallization of the minerals in the spaces left
behind.

Moreover, it is these openings that allow the fluid to enter and interact with
the pyrite crystals already formed and the host rock, remobilizing the primary
gold in the latter and then re-precipitating it within the latter ([43] [45]). This is
in line with the work of ([39]) who have shown that there is primary gold in the
basaltic rocks of Nassara.

The link between pyrite crystals and gold in country rocks is widely demon-
strated in the West African craton ([4] [46]-[55]).

Based on this initial study, the Baguiomo zone is comparable to the Kwade-
men gold deposit ([7]), the Nassara gold deposit ([53]) and the Torkéra gold
deposit ([56]). The gold in all these deposits is linked to pyrite crystals, and the
shear deformation that controls mineralization is locally taken up by the second

phase of deformation, which does not result in significant remobilization.

6. Conclusion

Gold mineralization at the Baguiomo gold mining site is hosted by basaltic for-
mations cut by weakly to undeformed gabbro dykes. These basalts are affected
by N-S to NNE-SSW-trending D1B shear deformation, which is locally picked
up by the second phase of D2y deformation, a medium-trending NE-SW crenu-
lation to brittle deformation. The basalts are thought to have been emplaced in
an oceanic plateau setting, resulting from mantle plume activity. The primary
gold mineralization associated with the accretion of these rocks would be capa-
ble of forming a deposit of around 5Moz after remobilization processes during
the Eburnian orogeny. The gold is linked to pyrite crystals disseminated in the
rock mass and to hematite, especially in the quartz vein concordant with D1s.
Gold associated with pyrite crystals is found in the pressure shadows developed

during reactivation of the micro-shear zones.
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