RRRRR

World Journal of Advanced Research and Reviews W,

eISSN: 2581-9615 CODEN (USA): WIARAI R vanced

Cross Ref DOI: 10.30574/wjarr Revess
WJARR Journal homepage: https://wjarr.com/ o
(RESEARCH ARTICLE) R) Check for updates

Petro-structural characteristics of the Tarkwaian and associated formations in the
Bondoukou area (Northeastern Cote d'Ivoire): Implications for the Paleoproterozoic
evolution of the West African craton

KOUAMELAN Alain Nicaise 1.*, KOFFI Gnagnon Raymond-Stéphane 1 and KOUASSI Brice Roland 2

1 Laboratory of Geology, Mineral and Energy Resources/Training and Research Unit in Earth Sciences and Mineral
Resources, Félix Houphouét-Boigny University, Abidjan, Céte d’Ivoire.
2 UFR-Biological Sciences, Geosciences Department, Peleforo Gon Coulibaly University, Korhogo, Céte d’Ivoire.

World Journal of Advanced Research and Reviews, 026, 31(02), 327-343
Publication history: Received on 24 June 2026; revised on 02 August 2026; accepted on 04 August 2026

Article DOI: https://doi.org/10.30574 /wjarr.2026.31.2.2038

Abstract

The Tarkwaian formations, well known in Ghana for their gold-bearing potential, also outcrop in northeastern Cote
d'Ivoire, particularly in the Bondoukou area. This study aims to characterize the petrographic and structural features of
these formations and their associated volcanic and intrusive rocks, in order to contribute to the understanding of the
Paleoproterozoic evolution of the West African craton. Fieldwork, macroscopic and microscopic petrographic analyses
(seven thin sections), and structural measurements were carried out. The results show that the Bondoukou Tarkwaian
consists of polygenic meta conglomerates (quartz, basalt, andesite, rhyolite, dolerite, schist pebbles) in a greywacke
matrix, meta-arkoses, and greywackes with oxide laminations. Associated formations include volcanics (tuffs, deformed
cinerites) and intrusive rocks (tonalite, oriented porphyritic granodiorite with mineralized metabasite enclaves).
Structurally, these rocks record multiple brittle (N98° to N166° fractures, faults) and ductile (chevron isoclinal folds,
cleavage, mineral lineations) deformation phases. The main orientations (NW-SE to NNE-SSW) are interpreted as
resulting from Eburnean and post-Eburnean shortenings. The occurrence of mineralized metabasite enclaves and
pebbles suggests a metallogenic potential similar to Ghanaian paleoplacers. This study confirms that the Ivorian
Tarkwaian was emplaced in a shortening (tightening) context and represents a lateral equivalent of the Ghanaian series.
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1. Introduction

The West African craton, and particularly its Man Ridge, records a complex geological history from the Archean to the
Paleoproterozoic. The Baoulé-Mossi domain (Paleoproterozoic) is characterized by Birimian greenstone belts and
Tarkwaian sedimentary basins, the latter being famous in Ghana for their gold paleoplacers [1,2]. In Cote d'Ivoire,
outcrops attributed to the Tarkwaian exist in the Bondoukou region (Northeast), but they have been the subject of few
detailed studies, especially from a petro-structural perspective [3,4].

Understanding the petrographic and structural characteristics of these formations is essential not only for
reconstructing the geodynamic evolution of the West African Paleoproterozoic but also for evaluating their metallogenic
potential, by analogy with Ghanaian deposits. This work aims to: (1) precisely describe the lithology of the Tarkwaian
and associated formations in the Bondoukou area; (2) characterize the deformation structures (brittle and ductile)
affecting them; (3) discuss their implications for the Eburnean history.
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2. Geological setting

2.1. General framework: the West African craton

The West African Craton (WAC) constitutes one of the main Archean to Paleoproterozoic nuclei of the African continent
(Figure 1). It is bordered by Pan-African belts (Mauritanides, Rokelides) and Neoproterozoic to Phanerozoic
sedimentary basins (Taoudéni, Volta, Tindouf) [1,2]. Two main ridges compose the WAC: the Réguibat ridge in the
northwest and the Man-Léo ridge in the southwest. Recent work on the Réguibat ridge has highlighted the existence of
anew orogen, the Tiris orogen (2.51-2.46 Ga), which played a key role in the final assembly of the Archean craton before
its incorporation into the Eburnean accretionary orogen [4]. The collision with the Eburnean orogen (ca. 2.07-2.03 Ga)
was controlled by thermal erosion and softening of the cratonic margin, allowing the propagation of a thrust system
towards the craton [4]. The Man Ridge is subdivided into two distinct domains separated by the north-south Sassandra
fault:

An Archean domain (west): aged 3.6 Ga to 2.7 Ga, corresponding to the Leonian (3.4-3.0 Ga) and Liberian (2.9-2.7 Ga)
cycles. It consists of migmatites, granulitic gneisses, greenstone belts and TTG intrusions [5,6].

A Paleoproterozoic domain (east): also called the Baoulé-Mossi domain (2.5-2.0 Ga), formed during the Eburnean
orogeny. It includes Birimian greenstone belts (metavolcanics, metasediments) and Tarkwaian sedimentary basins
(conglomerates, sandstones, arkoses, quartzites) [7,8]. The entire craton stabilized around 1.6 Ga [9].
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Figure 1 Geological sketch map of the West African Craton, adapted from [5, 10,11,12, 13, 14, 15, 16, 17, 18, 20]
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2.2. Geology of Cote d'Ivoire

Cote d'Ivoire occupies the southern part of the Man - Leo Shield. The Precambrian basement covers 97.5% of the
territory, with a narrow coastal sedimentary basin (Cretaceous-Tertiary) in the far south [20]. Two main domains are
distinguished (Figure 2):

e Archean domain (west): outcrops west of the Sassandra fault (Man, Danané, Biankouma massifs). It is
composed of gneisses, migmatites, charnockites, amphibolites and ultrabasic rocks. Dating gives Leonian (3.4-
3.0 Ga) and Liberian (2.9-2.7 Ga) ages [5,21].

e Paleoproterozoic domain (east): located east of the Sassandra, it corresponds to the Baoulé-Mossi domain (2.5-
2.0 Ga). It is structured into several NNE-SSW oriented Birimian volcano-sedimentary belts (Ferké, Dimbokro,
Bondoukou, etc.) [22]. These belts are bordered or cut by syntectonic (Baoulé type) and post-tectonic
(Bondoukou type) granitoids [18]. Regional metamorphism reaches greenschist to locally amphibolite facies.

The transition zone, located north of the SASCA domain (Sassandra-Cavally), is characterized by the presence of Archean
relics within the Paleoproterozoic domain, indicating crustal contamination during Eburnean accretion [23].

2.3. Local geological context: Bondoukou area

Our study area is located in northeastern Coéte d'Ivoire, about 416 km northeast of Abidjan, around the town of
Bondoukou (Figure 2). It lies within the Bui belt, a Paleoproterozoic greenstone belt that extends into northwestern
Ghana [24]. It belongs to type II unit defined by Papon (1973) [25]., corresponding to shallow basins with
acid/intermediate formations and volcano-sedimentary rocks.

Lithologically, we distinguish (Figure 3):

e Birimian formations (Paleoproterozoic): metavolcanics (basalts, andesites, rhyolites), metasediments (schists,
phyllades), TTG and syntectonic granitoids (tonalites, biotite/hornblende granodiorites).

o Tarkwaian formations (subject of this study): they rest unconformably on the Birimian. They include polygenic
conglomerates (quartz, basalt, andesite, rhyolite, schist pebbles), arkoses, greywackes and locally cinerites
[26,27]. These outcrops occur as elongated hills.

e Post-tectonic intrusive: porphyritic granodiorite of Bondoukou type (dated at 2166 + 49 Ma by Rb-Sr on whole
rock), sometimes oriented, containing mineralized metabasite enclaves [15,22].

e Quaternary: lateritic duricrusts and recent alluvium.

Structurally, the region has been affected by the Eburnean orogeny (2.2-2.0 Ga) with several deformation phases
(isoclinal folds, schistosity, fractures, shears). Previous work has highlighted the presence of alluvial gold mineralization
associated with Tarkwaian conglomerates [9,20]. Recent work by Perret et al. (2025) [35] confirms that gold associated
with shear zones in this region falls within the 2120-2095 Ma time window, corresponding to the peak of the Eburnean
orogeny at craton scale [10]
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Figure 2 Simplified geological map of Céte d'lvoire (modified after [6]).
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Figure 3 Local geological map of the study area [7]
3. Material and methods
Table 1 GPS coordinates of the main studied outcrops
Outcrop Latitude (degree | Longitude (degree | Geographiclocation
decimal) decimal)
Soko (S01) N 07.98555° W 02.74295° 7 km East of Bondoukou
Dua-Kouamé N 07.94259° W 02.78901° Dua-Kouamé Village
(DUA1)
CIB 03 N 07.96663° W 02.84281° Bondoukou-Appimadoum
Road
Siago (CIB 04) N 07.93964° W 02.96928° Axe Bondoukou-Gouméré Road
(Siago)
Gouméré (GOUM 1) | N 07.89192° W 02.98000° Gouméré Village
Koun-Fao (CIB18) | N07.51938° W 02.23497° Koun-Fao- Tanda Road
Soko-Ouest (SO5) N 07.96731° W 02.76774° Soko-Dua Kouamé Road

The petro-structural study of the Bondoukou Tarkwaian is based on an integrated approach combining fieldwork,
macroscopic and microscopic petrography, and detailed structural analysis. Fieldwork covered seven main sites (Soko,
Dua-Kouamé, Appimadoum, Siago, Gouméré, Dadiassé, Koun-Fao, Tanda) based on existing geological maps
(1/200,000) and satellite imagery. Systematic sampling collected fresh rocks, labeled and packaged. Structural surveys
(Brunton compass-clinometer, precision #1°) measured stratification, schistosity, lineations, fault planes, fractures and
fold axes; GPS coordinates (Garmin) were recorded. Macroscopic descriptions (color, texture, structure, mineralogy,
alteration, contact relationships) and outcrop photographs complemented the data. Seven thin sections (30 um) were
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prepared at the LGSM laboratory (Félix Houphouét Boigny University) from representative samples (polygenic
conglomerate, porphyritic andesite, greywacke, meta microconglomerate, cinerite, oriented granodiorite). Microscopic
observation (Olympus BX51 microscope, LN and LPA, magnifications x40 to x400) allowed identification of mineralogy,
textures, microstructures (undulous extinction, alignments), opaque minerals and metamorphic grade. Structural
analysis processed oriented data via OpenStereo and StereoNett software (stereographic projections) to determine
mean orientations, structural populations and kinematics (sigmoidal figures, conjugate fractures, stretching lineations,
striations). Finally, digital mapping (MapInfo Professional 11.5) synthesized lithologies, structures, sampling sites and
topography from previous work supplemented by field observations. Coordinates of key outcrops are reported in Table
1.

4. Results

4.1. Petrography

4.1.1. Tarkwaian formations

Polygenic conglomerate

The polygenic conglomerate outcrops mainly on the Bondoukou-Appimadoum axis, where it forms a hill. The superficial
part is altered, but fresh blocks and individual pebbles are visible along the road (Figure 4a, b). A second outcrop, on
the Soko-Dua Kouamé axis, presents both fresh and altered blocks as well as pebbles derived from the conglomerate
itself, indicating a second generation of pebbles (Figure 4). The rock shows a "pudding" composed of pebbles of quartz,
rhyolite, quartzite, basalt (locally with sulfides), associated with cinerite layers and deformed quartz veins.

Arkose sandstones and greywackes

The arkose and greywacke formations occupy a large extent in the study area, almost the entire mapped region. They
were identified on the Gouméré-Dadiassé axis and about 300 m from Koun-Fao towards Tanda.

These rocks are characterized by abundant quartz, sometimes as pebbles or coarse grains of variable dimensions
(generally < 5 cm), locally giving a microconglomeratic facies (Figure 5a). There is a notable proportion of fine orthose
grains, giving a pinkish hue to the rock, typical of meta-arkose (Figure 5b). The meta-arkose constitutes the cement in
the microconglomeratic levels. Associated with phyllite minerals, it takes on a purplish pink color, particularly visible
on the Koun-Fao-Tanda axis (Koun-Abronso hills, Figure 5c). In places, quarzitic formations show fine dark cross-
bedded laminae, interpreted as biotite and ferro-titanium oxides (magnetite, hematite, ilmenite). These facies, resulting
from metamorphic gneissification, is termed greywacke (Figure 5d).

Two thin sections were made in these lithologies. One in the greywacke (GOUM 2, Figure 5a), the other in the highly
metamorphosed sample from Koun-Fao (CIB 18, Figure 5b). The greywacke shows a fine granular matrix; very abundant
quartz, showing undulous extinction characteristic of plastic deformation; beds of granular opaque minerals of medium
size, associated with reddish to orange alteration (iron oxides) and micas, traversing the section; rare plagioclase, in
medium-sized crystals. The highly metamorphosed sample from Koun-Fao shows extremely abundant quartz, of
variable size, with undulous extinction; altered feldspars, subhedral, not very abundant, and a fine, clear matrix,
indicating strong recrystallization.

These microscopic observations confirm the immature detrital nature of these sediments (high proportion of quartz,

preserved feldspars) and record plastic deformation (undulous extinction) and greenschist-grade metamorphic
recrystallization.
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Figure 4 Photographs of the polygenic conglomerate of the Bondoukou Tarkwaian: (a) polygenic conglomerate; (b)
rock pebbles embedded in a cement; (c) quartzite; (d) rhyolite; (e) quartz; (f) basalt; (g) presence of strata; (h)
deformed quartz vein evidencing metamorphism and flattening; (i) fresh polygenic conglomerate; (j) weathered
polygenic conglomerate.
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Figure 5 Photographs and microphotographs of sandstones, arkose and greywacke of the Bondoukou Tarkwaian: (a)
quartz grains in the arkose; (b) meta-arkose; (c) meta conglomerate with quartz pebbles in arkosic cement with
phyllite minerals; (d) greywacke; (e) greywacke with oxide bed; (f) meta microconglomerate. Qz: quartz; Ox: oxide; M:
matrix.

4.1.2. Associated formations

These are represented by volcanics and intrusive. The volcanics consist of stratified tuffs with vertical grading (Dua-
Kouamé); cinerites (Siago) with an oriented microgranular matrix, cut by several generations of fractures (Figure 6).
Intrusive include a granular tonalite (Gouméré); an oriented porphyritic granodiorite (Soko) with zoned plagioclase
phenocrysts, with quartz, amphibole, and mineralized metabasite enclaves (sulfides). The orientation of amphiboles
(N100°) indicates syn- to post-magmatic deformation.
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Figure 6 Photographs of volcanic rocks associated with the Bondoukou Tarkwaian: (a, b) tuff with visible quartz
pebbles and vertical grading; (c, d) cinerite from Siago.

Figure 7 Photograph of the oriented porphyritic granodiorite. (a) fresh granodiorite with metabasite enclave; (b)
contact between oriented granodiorite and metabasite; (c) phenocrysts in the granodiorite and in the metabasite
enclave.
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4.2. Structural features

The Tarkwaian and associated formations in the Bondoukou area are affected by several types of fractures (faults,
strikes-slips) and ductile (folds, schistosity, lineations) deformations.

4.2.1. Brittle deformations

In the arkose outcropping on the Gouméré-Dadiassé axis, an oriented fractures network was measured. The directions
recorded are: N98°, N166°, N90°, N58° N68° N10° and N20° (Figure 8a). Analysis of these orientations allows
distinguishing three main fracture schistosity directions: NE-SW (N58° to N68°); E-W (N90° to N98°) and NW-SE
(N166°). In the Siago cinerite (Gouméré-Bondoukou axis), well-defined fracture planes, akin to fracture schistosity,
show directions from NW to NE, with subvertical dips. In the oriented porphyritic granodiorite of Soko, a fault mirror
was identified. This plane dips 64° towards WSW. On this mirror, a mineral stretching lineation was measured, with a
pitch of 70° towards NNW (Figure 8 c, d). This configuration (steep lineation plunge) suggests a dominant normal
component, typical of an oblique normal fault or a strike-slip with a strong vertical component. Furthermore, several
conjugate fractures were observed in the same area, with directions N82° N112° and N176° (Figure 8b). Aplite veins,
oriented N112° and N116°, are associated with these fractures (Figure 8a). The acute angle formed by the conjugate
fractures (about 30° between N82° and N112°) indicates a principal stress direction o, approximately N97° (E-W),
consistent with regional shortening directions of the late phases of the Eburnean orogeny.

4.2.2. Ductile deformations

Folds were observed in several localities, with variable geometries and intensities. In the Siago cinerite, folds are
isoclinal, chevron-shaped and en echelon (Figure 9a, b). The hinge is well exposed, the axis plunging, and the fold is
observed in the vertical plane. The axial plane has a N124° direction (WNW-ESE) and dips 40° towards N214° (SSW).
The fold axis is subvertical, oriented towards WNW. This geometry reflects strong flattening and superimposed
deformations. In the arkose and greywacke, these rocks show crenulation folds. In the arkose, the subvertical NNO-
trending strata are folded with an axial dip of 64° towards NNE; the axial plane direction is N20° (Figure 17c). In the
greywacke, a sub horizontal crenulation affects the rock, with an axial plane also oriented N20° (Figure 9d). Schistosity
and mineral lineations are particularly well developed in the arkose meta conglomerate with quartz pebbles and phyllite
minerals outcropping about 300 m from Koun-Fao, on the Koun-Fao-Tanda axis. The outcrop shows quartz clasts and
phyllites oriented along two major directions: N10° and N166°. The clasts show sigmoidal figures (Figure 9e). An
elongation lineation marked by stretching of quartz grains is observed, as well as a crenulation lineation. This lineation
is oriented N10° with a plunge of 20° towards N194° (SSW). A flow schistosity is also present: its plane is oriented WNW
and dips 20° towards N194° (SSW) (Figure 9f).
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Figure 8 Photographs of fractures and faults observed in the study area. (a) fracture network in the arkose; (b)
fracture planes in the cinerite at Siago; (c) aplite vein; (d) conjugate fractures; (e, f) mineral stretching lineation in the
granodiorite.
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Figure 9 Photographs of folds, lineations and schistosity observed in the study area. (a) several en echelon isoclinal
folds in the cinerite at Siago; (b) well-exposed hinge and plunging axis; (c) subhorizontal crenulation folds in the
greywacke; (d) subvertical crenulation folding (fold axis N70, 50° towards ENE); (e) sigmoidal elongated phyllite

minerals and relict figures; (f) differently elongated quartz grains (NE-SW and N-S) with dextral shearing.

5. Discussion

5.1. Lithological comparisons: originality of the Bondoukou Tarkwaian

5.1.1. A polygenic conglomerate contrasting with the Ghanaian model

Our macroscopic and microscopic observations indicate that the Bondoukou Tarkwaian consists of polygenic
conglomerates with greywacke cement, containing pebbles of quartz, quartzite, rhyolite, mineralized metabasalts,
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andesites, dolerites and schists, as well as cinerite intrusions and deformed quartz veins. This lithological association
resembles the Kawere series described in Ghana by Kitson (1928) [1] and Junner (1940) [28]. However, a major
difference lies in the nature of the conglomerates: in Ghana, the Tarkwaian conglomerates (notably those of the Banket
Formation) are monogenic, composed of more than 90% quartz pebbles, with siliceous cement [29]. At Bondoukou, the
polygenicity of the pebbles (basalt, andesite, rhyolite, schist, etc.) indicates a more diversified source, directly derived
from the erosion of surrounding Birimian rocks, notably the Sefwi Group. This facies difference can be explained by a
more proximal position in the sedimentary basin or by lesser sediment reworking.

5.1.2. Arkosic and greywacke metasediments comparable to the Banket and Huni series

Our work reveals the presence of pinkish coarse-grained meta-arkoses (locally microconglomeratic) and greywackes
with fine cross-bedded laminae of ferro-titanium oxides (magnetite, hematite, ilmenite). These lithologies evoke both
the quartzites of the Huni Group [23] and the cross-bedded sandstones of the Banket Formation. The meta
microconglomeratic level with quartz pebbles and phyllite minerals observed near Koun-Fao reinforces this analogy.
Thus, the Bondoukou Tarkwaian presents a complete sedimentary sequence, ranging from coarse conglomerates
(Kawere equivalent) to arkoses and greywackes (Banket and Huni equivalents), although typical phyllites (Tarkwa
Phyllites) have not been clearly identified.

These results confirm and complement previous observations by Soulé-de-Lafont (1956) [24] in the same area, as well
as work by Siméon et al. (1995) [7], who had already noted the presence of sandstones, arkoses and conglomerates with
quartz pebbles on the Agnibilékrou sheet.

5.1.3. Comparison with the Tarkwaian of Burkina Faso

Baratouxetal. (2011) [17] described the Tarkwaian of Burkina Faso as a set of sandstones, quartzites, arkoses, phyllites
and conglomerates with quartz, rhyolite and schist pebbles, weakly metamorphosed (Bossiére et al., 1996) [30]. The
Bondoukou Tarkwaian is similar in its low metamorphic intensity (greenschist facies) and the diversity of pebbles.
However, a notable difference is the absence in Burkina Faso of significant gold mineralizations in the Tarkwaian,
whereas Bondoukou presents alluvial gold indices and sulfide-bearing metabasalt pebbles, suggesting a metallogenic
potential closer to the Ghanaian model.

5.1.4. Magmatic associations and geodynamic context

Recent studies at the scale of the West African craton shed additional light on the geodynamic context of the Bondoukou
formations. On one hand, Chardon et al. (2024) [31] highlighted in the Réguibat shield the existence of a new orogen,
the Tiris orogen (2.51-2.46 Ga), which played a key role in the final assembly of the Archean craton before its
incorporation into the Eburnean orogen. The collision with the Eburnean orogen (ca. 2.07-2.03 Ga) was controlled by
thermal erosion and softening of the cratonic margin, allowing the propagation of a thrust system towards the craton.
This "hot" collision model could explain the late reactivation of structures in the Bondoukou zone, notably the dextral
shears observed at Koun-Fao. On the other hand, a recent study on the provenance of Tarkwaian sandstones in the
northeastern part of the Ashanti belt (Ghana) used petrography and geochemistry to constrain the nature of the sources
[32]. The results indicate a dominance of felsic and metasedimentary magmatic sources, with a low degree of chemical
weathering, compatible with an active margin setting. These conclusions are in perfect agreement with our observations
on the arkoses and greywackes of Bondoukou, which show textural and mineralogical immaturity (high proportion of
feldspars, angular grains) typical of proximal deposition in a compressive context.

Thus, the entire set of recent data supports the interpretation of the Bondoukou Tarkwaian being deposited in a foreland
or intra-arc basin, linked to a mature subduction and a "hot" continental collision that reactivated late structures.

5.2. Structural interpretation: recording of Eburnean phases

5.2.1. Ductile and brittle deformations: markers of polyphase evolution

The structures observed in the Bondoukou Tarkwaian (poly directional fractures, chevron isoclinal folds, crenulations,
flow schistosity, stretching lineations, sigmoidal figures) testify to a polyphase deformation history, comparable to that
documented in the Ashanti belt in Ghana [23] and in the Tarkwaian of Burkina Faso [17].

e Chevron isoclinal folds in the Siago cinerite (axial plane N124°, dip 40° towards SSW, subvertical axis). This
geometry indicates strong flattening, characteristic of intense shortening phases (D3 according to Perrouty's
nomenclature, [23]). Similar folds have been described in the Mako belt (Senegal) and interpreted as the result
of WNW-ESE compression [33]
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e Sub horizontal and subvertical crenulations in the arkoses and greywackes (axial planes N20°). These
structures correspond respectively to phases D5 (sub horizontal crenulation) and D6 (subvertical crenulation)
defined by Perrouty (2012) [23] in the Ashanti belt. They record the last stages of the Eburnean deformation,
marked by a transpressional regime.

e Flow schistosity and stretching lineation in the Koun-Fao meta conglomerate (orientation N10°, plunge 20°
towards SSW). These elements, associated with sigmoidal figures indicating dextral shearing, reveal a post-
Eburnean regional shortening-oriented NNE-SSW. Siméon et al. (1995) [7] attribute these structures to the
effect of large-scale regional folds, globally E-W trending, in agreement with our interpretations. Bonkoungou
(1994) [34] described a similar structure in the Tarkwaian of the Houndé belt (Burkina Faso), noting a
flattening component followed by a sinistral shearing phase.

e Poly directional fracture networks (NE-SW, E-W, NW-SE) and conjugate fractures (N82° N112° N176°) in the
arkose and granodiorite. These fractures are interpreted as the result of successive tectonic reactivations, from
early ductile phases to late brittle episodes. The acute angle of the conjugate fractures (about 30°) indicates a
principal stress direction o, approximately N97° (E-W), consistent with regional shortening.

5.2.2. Relative age of deformations and position of the Tarkwaian in the Eburnean cycle

The presence of pebbles of deformed rocks (notably porphyritic andesite CIB 03 bis) and deformed quartz veins in the
polygenic conglomerate indicates that the Tarkwaian was deposited after the onset of Birimian deformation, and was
itself affected by the late phases of the Eburnean orogeny. This is consistent with work by Eisenlohr and Hirdes (1992),
who showed that Birimian and Tarkwaian rocks were jointly deformed during a single progressive deformation event.

Correlations with recent chronologies [35] allow specifying the position of the Bondoukou Tarkwaian in the Eburnean
cycle:

e Deposition of Tarkwaian sediments would have occurred during the transition phase (c. 2135-2120 Ma) or at
the beginning of the orogenic peak (2120-2095 Ma), after exhumation and erosion of Birimian rocks.

e Ductile deformation (isoclinal folds, schistosity) corresponds to phases D3 and D4 (2120-2095 Ma),
contemporaneous with the metamorphic peak and main orogenic gold mineralization.

e Brittle deformations and late shears (D5, D6) are situated in the post-collisional interval (2095-2060 Ma),
marked by a transpressional regime.

This interpretation is consistent with data from Perrouty (2012) [7] for Ghana (deposition of the Tarkwaian during D3)
and with those of Baratoux etal. (2011) [17] for Burkina Faso (deposition during the final phase of D1, 2120-2110 Ma).
The slight difference in phase nomenclature (D1 in Baratoux, D3 in Perrouty) reflects different scales of analysis, but
the absolute ages are concordant.

5.2.3. The Koun-Fao zone: a sheared Tarkwaian-Birimian transition

The Koun-Fao outcrop, with its strong schistosity, pronounced lineation, sigmoidal figures and dextral shearing,
presents characteristics similar to the shear zones marking the contact between Birimian and Tarkwaian in Ghana. The
2012 activity report of the Tarkwa mine (Goldfields) indicates that these shear zones are often gold-bearing. The
structural similarity between Koun-Fao and these Ghanaian zones suggests a metallogenic potential to be explored.
Siméon et al. (1995) [7] already noted that the Koun-Tanda series does not show internal penetrative deformations, but
its southern border presents the manifest effects of epithermal tangential deformation, indicating that deformation is
concentrated at lithological interfaces.

5.3. Metallogenic implications: towards a modified paleoplacer model?

The discovery of mineralized metabasite (with sulfides) as an enclave in the porphyritic granodiorite and as a pebble in
the polygenic conglomerate is a major result of this study. This observation suggests that primary mineralization
(probably gold-bearing, by analogy with Ghana) were present in the Birimian basement before the deposition of the
Tarkwaian. Erosion of this basement then released mineralized clasts that were incorporated into the conglomerates,
forming potential paleoplacers. Subsequent metamorphism and deformation may have partially remobilized these
minerals, creating a "modified paleoplacer"” model similar to that described by Pigois et al. (2003) [36] for the Tarkwa-
Damang district in Ghana. Indications of alluvial mineralization (gold, cinnabar, manganese) have already been reported
in the area by Siméon et al. (1995) [7] , in association with Tarkwaian sandstones and conglomerates. Our results
support the hypothesis of an economic gold potential for the Bondoukou Tarkwaian, distinct from that of the Houndé
Tarkwaian (Burkina Faso) known to be poorly mineralized (Bossiére et al., 1996) [30].
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6. Conclusion

This study shows that the Bondoukou Tarkwaian is lithologically diverse (polygenic conglomerates, arkoses,
greywackes) and associated with deformed volcanics and intrusive. The recorded structures (fractures, folds,
schistosity, lineations) result from several phases of Eburnean and post-Eburnean shortening (NW-SE to NNE-SSW).
The presence of mineralized pebbles and sulfide-bearing enclaves opens perspectives for gold exploration.
Geochemical, geochronological and metallogenic studies are necessary to constrain the age and genesis of these
mineralizations.

Compliance with ethical standards

Acknowledgments

The authors thank the IRD (Institute of Research for Development) for its financial and logistical support. They also
express their gratitude to the structures of the T2GM project and the WAXI program for their essential contribution to
the realization of this work.

Disclosure of conflict of interest

The authors declare no competing interests.

References
[1]  Kitson AE. Provisional geological map of the Gold Coast and western Togoland. Gold Coast Geol Surv Bull. 1928;2.

[2]  Hirdes W, Nunoo B. The Proterozoic paleoplacers at Tarkwa Gold Mine, SW Ghana. Geol Jahrb D. 1994; 100:247-
311.

[3]  Soulé-de-Lafont D. Le précambrien moyen et supérieur de Bondoukou (Cote d’Ivoire). Bull Dir Féd Mines Géol
AOF. 1956; 18:163.

[4] Touré S. Pétrologie et géochronologie du massif granitoide de Bondoukou [thése]. Abidjan : Univ Abobo-Adjamé
; 2007.

[5]  Bessoles B. Géologie de I’Afrique : le craton ouest africain. Mém BRGM. 1977; 88:402.

[6] Milési JP, Feybesse JL, Ledru P, et al. West African deposits in their lower proterozoic lithostructural setting.
Chron Rech Min. 1989; 497:3-98.

[7] SiméonY, Delor C, Zeade Z, et al. Notice explicative carte géol Cote d’'Ivoire a 1/200 000, feuille Agnibilékro. Mém
Dir Mines Géol. 1995; 8:5-13.

[8] Tempier P. Données récentes sur la géologie du socle de la Cote d’Ivoire. Ann Univ Abidjan. 1969; 5:55-92.
[9]  Perrouty S. Evolution structurale de la ceinture minéralisée d’Ashanti, SO du Ghana [these]. Toulouse; 2012.

[10] AbouchamiW, Boher M, Michard A, Albarede F. A major 2.1 Ga event of mafic magmatism in West Africa: An early
stage of crustal accretion. Journal of Geophysical Research. 1990;95(B11):17605-17629.
doi:10.1029/]B095iB11p17605

[11] Kouamelan AN, Delor C, Peucat J]. Geochronological evidence for reworking of Archean terrains during the Early
Proterozoic (2.1 Ga) in the western Cote d'Ivoire (Man Rise-West African Craton). Precambrian Research.
1997;86(3-4):177-199. doi:10.1016/S0301-9268(97)00043-0

[12] Egal E, Thiéblemont D, Lahondére D, Guerrot C, Costea CA, lliescu D, Delor C, Goujou JC, Lafon JM, Tegyey M, Diaby
S, Kolié P. Late Eburnean granitization and tectonics along the western and northwestern margin of the Archean
Kénéma-Man Domain (Guinea, West African Craton). Precambrian Research. 2002;117(1-2):57-84.
doi:10.1016/S0301-9268(02)00060-8

[13] Persits F, Ahlbrandt T, Tuttle M, Charpentier R, Brownfield M, Takahashi K. Map showing geology, oil and gas
fields and geologic provinces of Africa, Version 2.0. USGS Open-File Report. 2002;97-470A. Available

at: http://pubs.usgs.gov/of/1997 /ofr-97-470/0F97-470A/

341


http://pubs.usgs.gov/of/1997/ofr-97-470/OF97-470A/

[24]

[25]
[26]

World Journal of Advanced Research and Reviews, 2026, 31(02), 327-343

Peucat J], Capdevila R, Drareni A, Mahdjoub Y, Kahoui M. The Eglab massif in the West African Craton (Algeria):
an example of a major Archean-Paleoproterozoic transition. Precambrian Research. 2005;138(1-2):1-24. doi:
10.1016/j.precamres.2005.04.001

Ennih N, Liégeois JP. The boundaries of the West African Craton, with a special reference to the basement of the
Moroccan metacratonic Anti-Atlas belt. In: Ennih N, Liégeois ]JP, editors. The Boundaries of the West African
Craton. Geological Society, London, Special Publications. 2008; 297:1-17. doi:10.1144 /SP297.1

Pitra P, Kouamelan AN, Ballevre M, Peucat J]. Paleoproterozoic high-pressure granulite overprint of the Archean
continental crust (Man Rise, Ivory Coast). ] Metamorph Geol. 2010; 28:41-58.

Baratoux L, Metelka V, Naba S, et al. Juvenile Paleoproterozoic crust evolution during the Eburnean orogeny
(~2.2-2.0 Ga), Western Burkina Faso. Precambrian Res. 2011; 191:18-45.

Schofield DI, Horstwood MSA, Pitfield PE], Gillespie M, Darbyshire F, O'Connor EA, Abdouloye TB. U-Pb dating
and Sm-Nd isotopic analysis of granitic rocks from the Tiris Complex: new constraints on key events in the
evolution of the Reguibat Shield, Mauritania. Precambrian Research. 2012;204-205:1-11. doi:
10.1016/j.precamres.2011.12.008

Berger ], Diot H, Khalidou L, et al. Petrogenesis of Archean PGM-bearing chromitites from the Guelb el Azib
complex (West African craton, Mauritania). Precambrian Res. 2013; 224:612-628.

Goldfields. Mine de Tarkwa - rapport d’activité 2012. Disponible sur : http://www.goldfields.co.za

Camil . Pétrographie, chronologie des ensembles granulitiques archéens de la région de Man (Cote d’Ivoire)
[thése]. Abidjan; 1984.

Yacé I. Le précambrien de I'’Afrique de I’Ouest et ses corrélations avec le Brésil Oriental. Publ CIFEG. 1984; 2:28p.

Perrouty S, Ailléres L, Jessell MW, Baratoux L, Bourassa Y, Crawford B. Revised Eburnean geodynamic evolution
of the gold-rich southern Ashanti belt, Ghana. Precambrian Res. 2012; 204:12-39.

Soulé-de-Lafont D. Le précambrien moyen et supérieur de Bondoukou (Céte d’Ivoire). Bull Dir Féd Mines Géol
AOF. 1956; 18:163.

Papon (1973)

Zeade Z, Delor C, Siméon Y, et al. Notice explicative carte géologique 1/200 000, feuille Bondoukou. Mém Dir
Mines Géol. 1995;10.

Touré S, Caen-Vachette M, Tempier P. Nouvelles données pétrographiques, géochimiques et géochronologiques
du massif granitique de Bondoukou. ] Afr Earth Sci. 1987; 6:269-274.

Junner NR. Geology of the Gold Coast and Western Togoland. Gold Coast Geological Survey Bulletin. 1940;(11):1-
40.

Hirdes W, Nunoo B. The Proterozoic paleoplacers at Tarkwa Gold Mine, SW Ghana: sedimentology, mineralogy,
and precise age dating of the Main Reef and West Reef, and bearing of the investigations on source area
aspects. Geologisches Jahrbuch, Reihe D: Mineralogie, Petrographie, Geochemie, Lagerstittenkunde. 1994;
100:247-311

Bossiére G, Bonkoungou I, Peucat J], Pupin JP. Origin and age of Paleoproterozoic conglomerates and sandstones
of the Tarkwaian Group in Burkina Faso. Precambrian Res. 1996; 80:153-172.

Chardon D, Berger ], Martellozzo F. Archean craton assembly and Paleoproterozoic accretion-collision tectonics
in the Reguibat Shield, West African Craton. Precambrian Res. 2024;413.

Sedziafa V, Song Y, Sunkari ED, Kwayisi D, Anani CY, Asiedu DK. Provenance and source area weathering of
sandstones from the Tarkwaian Group at the northeastern extent of the Paleoproterozoic Ashanti Belt, Ghana:
Constraints from petrography and geochemistry. Journal of African Earth Sciences. 2025;224:105536. doi:
10.1016/j.jafrearsci.2025.105536

Labou [, Velasquez G, Benoit M, et al. Revisiting the geodynamic model for the Mako greenstone belt: new
evidence for a Paleoproterozoic oceanic plateau in the West African Craton. Solid Earth. 2025.
d0i:10.5194 /egusphere-2025-814

Bonkoungou L. (1994). Le Tarkwaien du sillon de Houndé (Burkina Faso) : un ensemble volcano-détritique acide
calco-alcalin a 2,15 Ga. Etude pétrologique, métamorphique et structurale. These, Université de Nantes. 419p.

342


http://www.goldfields.co.za/

~

—
—

o~
Ul

—
—_

~
o)

—
—_—

World Journal of Advanced Research and Reviews, 2026, 31(02), 327-343

Perret ], Jessell MW, Masurel Q, et al. Review of Paleoproterozoic tectonics in the southern West African Craton.
Precambrian Res. 2025;422. (ScienceDirect)

Pigois JP, Groves DI, Fletcher IR, McNaughton NJ, Snee LW. Age constraints on Tarkwaian paleoplacer and lode-
gold formation in the Tarkwa-Damang district, SW Ghana. Mineral Deposita. 2003; 38:695-714.

Kesse GO. The mineral and rock resources of Ghana. Balkema; 1985.

Lithospheric Imaging in the West African Craton Using Receiver Function Modelling. Pure Appl Geophys. 2025;
182:1525-1544.

Milési JP, Feybesse JL, Ledru P, et al. West African deposits in their lower proterozoic lithostructural setting.
Chron Rech Min. 1989; 497:3-98.

Vidal M, Delor C, Pouclet A, Siméon Y, Alric G. Evolution géodynamique de I'Afrique de 1'Ouest entre 2,2 Ga et 2
Ga. Bull Soc Géol Fr. 1996; 3:307-320.

Siméon Y, Delor C, Zeade Z, et al. Notice explicative carte géologique Cote d’Ivoire 1/200 000, feuille Agnibilékro.
Mém Dir Mines Géol. 1995;8.

Parra-Avila LA, Baratoux L, Eglinger A, Fiorentini ML, Block S. The Eburnean magmatic evolution across the
Baoulé-Mossi domain: Geodynamic implications for the West African Craton. Precambrian Res. 2019;
332:105392.

Dia I, Furman T, Sayit K, et al. Paleoproterozoic Mafic and Ultramafic Rocks from the Mako Belt, Senegal:
Implications for Back-Arc Basin Origin. Minerals. 2025;15(10):1057.

Tagini B. Esquisse structurale de la Cote d'Ivoire [these]. Lausanne; 1971.
Tempier P. Données récentes sur la géologie du socle de la Cote d’Ivoire. Ann Univ Abidjan. 1969; 5:55-92.

Touré S. Pétrologie et géochronologie du massif granitoide de Bondoukou [thése]. Abidjan; 2007.

343





