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ARTICLE INFO ABSTRACT

Keywords: For over a century, research has focused on the southern West African Craton (SWAC), aiming to unravel its
southern West _Affican Craton lithological, geochemical, geochronological, structural, metamorphic, and metallogenic record. Yet, the late
Pale‘)pf"ter"zmc Siderian to early Rhyacian (c. 2350-2265 Ma) geodynamic setting of the SWAC remains poorly constrained due
Fé:)t(;);rfmics to (i) the unresolved configuration of adjacent Archean blocks; (ii) limited geochronological data for the

lowermost stratigraphic units; and (iii) extensive overprinting by subsequent magmatic, tectonic, and thermal
events. Using a multidisciplinary data integration approach, it is however possible to conduct the analysis of
tectonic processes governing the emplacement of the Paleoproterozoic granite-greenstone belts of West Africa.

In this review, we integrate all available published datasets and knowledge to provide new insights on the late
Siderian to Rhyacian tectonic evolution of the sSWAC. This data compilation is presented and discussed in the
form of key time slices (c. 2350-2265 Ma, 2265-2200 Ma, 2200-2135 Ma, 2135-2120 Ma, 2120-2095 Ma and
2095-2060 Ma), which mark evolutionary stages in the geological history of the region. The results of our
analysis support the shift from enigmatic Archean tectonic modes to plate tectonics, with the onset of subduction
at c. 2265 Ma.

However, critical knowledge gaps remain, particularly regarding the tectonic significance of greenstone belts
and the role of the West African Craton in potential configurations of the Eburnean-Transamazonian Orogen
during the assembly of Nuna. To address these issues, future research directions are proposed to conclude this

Multi-disciplinary data integration

synthesis.
1. Introduction changes in the lithosphere. With relatively few rocks from the Siderian
(2500-2300 Ma) and Rhyacian (2300-2050 Ma) periods preserved in
The transition from the Archean to the dawn of the Paleoproterozoic the geological record, this transition remains poorly understood

marks a pivotal period in Earth’s history, reflected by significant (Condie, 2018; Shields et al., 2022). This transition was characterised by
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(i) the rapid emergence of subaerial landmasses, leading to changes in
weathering and erosion rates (e.g. Kusky et al., 2016; Bindeman et al.,
2018; Huang et al., 2022; Huang et al., 2023); (ii) the increase in con-
tinental alkali basalts around 2.1 Ga, coinciding with a sharp reduction
in mantle melting and compositional changes in komatiites (Liu et al.,
2019); (iii) a pronounced shift in granitoid geochemistry, including
increased large-ion lithophile elements (LILE) and rare earth elements
(REE), decreased Eu anomaly, Zr/Sm and Sr/Y ratios, and reduced Mg
and Ni concentrations, collectively interpreted to reflect decreasing
magma generation depth and crustal thickness (Condie et al., 2024); and
(iv) the emergence of a sustained, large-scale deep carbon cycle, evi-
denced by associations of Paleoproterozoic carbonatites with high-
pressure metamorphic rocks in orogenic belts (e.g. Zhao et al., 2024;
Xu et al., 2018). Yet, the tectonic regimes that operated during this
transitional period in Earth’s history remain widely debated, with both
uniformitarian and non-uniformitarian models proposed (Nebel et al.,
2018; Cawood et al., 2022; Stern, 2023; Hawkesworth et al., 2024).

The late Siderian to Rhyacian terrains of the southern West African
Craton (SWAC) provide a rare natural laboratory to investigate this
enigmatic period of Precambrian Earth history. Firstly, the overall tec-
tonic evolution of the Paleoproterozoic part of the sWAC can be sum-
marised as two periods. The c. 2350-2265 Ma period is marked by a
fragmental geological record limited to the lowermost mafic strati-
graphic units, with tectonic models including: (i) eruption of tholeiitic
basalts at a mid-oceanic ridge (Leube et al., 1990); (ii) rapid outpouring
primitive magmas forming an oceanic plateau (Lompo, 2009; Hayman
et al., 2023); and (iii) eruption of basalts within an incipient intra-
oceanic subduction zone (e.g. Salah et al., 1996). The c. 2265-2050
Ma period is equally contentious, with proponents of subduction-driven
tectonics (e.g. Pouclet et al., 2006; Baratoux et al., 2011; Eglinger et al.,
2017; Wane et al., 2018; Grenholm et al., 2019a,b; Hayman et al., 2023)
opposed to those advocating vertical tectonics including sagduction and
dripping (e.g. Vidal et al., 2009; Lompo, 2009, 2010). Secondly, the
relative position of the West African Craton (WAC) in the Nuna super-
continent remains poorly constrained (Gong et al., 2021; Cao et al.,
2024). Age-equivalent terrains have been identified across the Guiana
Shield (Vianna et al, 2020; Neto and Lafon, 2020; Pinto et al., 2024),
Borborema Province (de Lira Santos et al., 2023), Sao Luis Cratonic
Fragment (Klein et al., 2020), Sao Francisco Craton (Bruno et al., 2020,
2021; Almeida et al., 2022), and Ukrainian Shield (Bogdanova et al.,
2008; Terentiev and Santosh, 2020). However, the spatial configuration
of these lithospheric blocks remains contentious due to limited robust
paleogeographic indicators (e.g. Gong et al., 2021; D’Agrella-Filho et al.,
2021). Lastly, Paleoproterozoic terrains across the sSWAC host a variety
of mineral systems, including orogenic Au, Cu-Zn volcanic-hosted
massive sulphides (VMS), porphyry Cu, Fe skarn, and Li-Cs-Ta (LCT)
pegmatites (Goldfarb et al., 2017; Markwitz et al., 2016; Milési et al.,
1992; Eglinger et al., 2022; Thébaud et al., 2020; Masurel et al., 2022).
Despite significant metallogenic syntheses (Thébaud et al., 2020;
Masurel et al., 2022), the space-time-integrated metallogenic inventory
of the SWAC has yet to be incorporated as a proxy to track secular
changes in tectonic processes during the Paleoproterozoic Era (Huston
et al., 2023).

Over the last decade, abundant lithological, geochemical, geochro-
nological, structural, metamorphic, and metallogenic data for the
Paleoproterozoic SWAC have been acquired through the ongoing AMIRA
Global West African eXploration Initiative (WAXI). In numbers, this
integrated research and training program involved 11 countries and
more than 70 partner organisations by the end of Stage 3 (after running
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for 12 years), and resulted in the training and upskilling of > 90 African
and international PhD/MSc/Hons students and postdoctoral geo-
scientists (https://waxi4.org). The collected multi-disciplinary data and
integrated geological knowledge have resulted in a step change in our
ability to decipher the tectonics of the SWAC during Paleoproterozoic
times. In this review and synopsis, we present the status of the knowl-
edge on the Paleoproterozoic part of the sWAC and discuss key knowl-
edge gaps to stimulate future research.

2. Geological background

The West African Craton (WAC), as defined by Kennedy (1964),
consists of two Archean nuclei in the north-western and south-western
parts of the craton, respectively the Reguibat and Kénéma-Man Do-
mains, against which an array of Paleoproterozoic domains is juxtaposed
(Fig. 1). These Paleoproterozoic domains consist of greenstone belts
separated by sedimentary basins or regions of extensive tonalite-
trondhjemite-granodiorite (TTG) plutons, all dissected by major faults
and shear zones (Fig. 1). These Paleoproterozoic domains are overlain
by Mesoproterozoic and younger sedimentary basins. The northern
extent of the WAC is marked by the Paleoproterozoic Anti-Atlas Inliers.
The borders of the WAC were largely defined by a combination of sur-
face geology and gravity signatures (Burke and Whiteman, 1973; Bayer
and Lesquer, 1978; Ennih and Liégeois, 2008a,b). However, it has been
suggested that the western craton margin extended further to the west at
the time of its formation (Jessell et al., 2016). To the east, the WAC is
separated from the Archean Benino-Nigerian Shield by the southern
portion of the 1000 km-long Pan-African suture zone of the Dahomeyide
belt. This suture zone represents the closure of the Pharusian Ocean and
the subsequent continental collision during the Neoproterozoic (c.
800-580 Ma; Guillot et al., 2009).

The southern West African Craton (SWAC) consists of the Paleo-
proterozoic (historically referred to as “Birimian” by Kitson, 1918)
Baoulé-Mossi Domain (Bonhomme, 1962; Bessoles, 1977) juxtaposed
against the Archean Kénéma-Man Domain (Bessoles, 1977; Boher et al.,
1992; Fig. 1). The Kénéma-Man Domain consists of exposed, c.
3500-2600 Ma Archean crust in Liberia and Sierra Leone (Rollinson,
2016), as well as crust of similar age reworked during the Paleoproter-
ozoic in southern Guinea and western Cote d’Ivoire (Kouamélan et al.,
1997, 2015; Eglinger et al., 2017; Koffi et al., 2020, 2022). A segment of
this crust, known as the SASCA Domain, is situated in south-western
Cote d’Ivoire (Fig. 1). The Baoulé-Mossi Domain extends from western
Niger and south-eastern Ghana in the east to the Kédougou-Kénieba
Inlier on the Mali-Senegal border in the west (Abouchami et al., 1990;
Boher et al., 1992; Diallo et al., 2020; Salah et al., 1996). The Paleo-
proterozoic terrains of this domain have been divided into linear to
arcuate greenstone belts, sedimentary basins, and intrusive domains
(Bessoles, 1977; Feybesse et al., 1989; Feybesse and Milési, 1994;
Kouamélan et al., 1997; Caby et al., 2000; Egal et al., 2002; Baratoux
et al., 2011, 2024; Perrouty et al., 2012; Grenholm et al., 2019a). This
nomenclature is adopted throughout this manuscript (Fig. 1).

3. Stratigraphic, plutonic, structural, and metallogenic
evolution of the sWAC from 2350 to 2060 Ma

This section provides a review and synopsis of the geological evo-
lution of the sWAC over 290 Myr from 2350 to 2060 Ma. The latest
Siderian (2350-2300 Ma) and most of the Rhyacian (2300-2060 Ma)
evolution are discussed hereafter through key time slices, focusing on
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Loh and Hirdes (1999), Dampare et al. (2008), Perrouty et al. (2012) — Ashanti greenstone belt and Tarkwa series.

space-time-integrated patterns in stratigraphy (Fig. 2), plutonism
(Fig. 3), metamorphism (Fig. 4), deformation, and mineral systems
(Figs. 5-10). This approach enables robust geological interpretations by
minimising uncertainties, resolving potential geological paradoxes, and
facilitating the cross-validation of findings. The transitions between the
proposed time slices are aligned with changes in the magmatic, strati-
graphic, structural, isotopic, and metallogenic records across the SWAC,
collectively marking evolutionary stages in the geological history of the
SWAC. It is important to note that the proposed time brackets for each
time slice are applicable at the scale of the SWAC but may vary at the
scale of individual greenstone belts due to diachroneity in geological
development. Table 1 summarises the stratigraphic, plutonic, tectono-
metamorphic and metallogenic record of the sWAC for each of these
time slices.

Details on the methodology used to interpret whole-rock geochem-
ical signatures and U-Pb and Lu-Hf zircon isotopic data for igneous rocks
are provided in Electronic Supplementary Material 1. A comprehensive
compilation of geochronological constraints on stratigraphy, deforma-
tion, and mineralisation can be found in Electronic Supplementary
Material 2. Note that only robust ages with 2¢ errors obtained through
absolute dating have been reported after cross-checking against original

publications. This rigorous approach led us to exclude some geochro-
nological data compiled in previous reviews that did not meet these
criteria. Finally, Electronic Supplementary Material 3 presents a time-
lapse at 5 Myr intervals depicting the stratigraphic, magmatic, struc-
tural, and metallogenic evolution of the SWAC (extended between c.
2350-2020 Ma).

3.1. c¢. 2350-2265 Ma time slice (Fig. 5)

3.1.1. Stratigraphy

The earliest record of magmatism in the Paleoproterozoic Baoulé-
Mossi Domain corresponds to a period of tholeiitic mafic volcanism
(Hayman et al., 2023; Hirdes and Davis, 1998; Masurel et al., 2022).
Tholeiitic basalts and volumetrically minor co-magmatic intrusive rocks
consistently form the basal part of the lithostratigraphic record in
various greenstone belts across the Baoulé-Mossi Domain (Fig. 2). These
mafic volcanic successions include both massive and pillow basalts
collectively erupted under subaqueous conditions, but with different
discharge rates in space and time (Hayman et al., 2023).

The only robust age extracted from these basal mafic igneous rocks is
provided by the Kokumbo Hills dolerite in the Oumé-Féttekro
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greenstone belt of central Céte d’Ivoire, which is hosted by tholeiitic
basalts and yielded an igneous crystallisation age of 2343 + 2 Ma

(Hayman et al., 2023). At the scale of the Baoulé-Mossi Domain, the age
of this mafic crust is indirectly constrained by igneous inheritance in
post-2265 Ma intermediate to felsic plutons emplaced in greenstone
belts, which includes xenocrystic zircon cores dated at 2386 + 42 Ma
(Ifantayire granitic gneiss, De Kock et al., 2011), 2350 + 27 Ma (Anikro
rhyolite, Hayman et al., 2023), 2337 + 11 Ma (Mengwe tonalite, Nunoo
et al., 2022); 2323 £+ 10 Ma (Gondo rhyolite, Nunoo et al., 2022), 2313
+ 34 Ma (TTG felsic pluton, Tapsoba et al., 2013), 2312 + 17 Ma
(Dabakala tonalitic gneiss, Gasquet et al., 2003), and 2286 + 17 Ma (Kel

Enguef migmatitic orthogneiss, Tshibubudze et al., 2013). Model ages
obtained from Lu-Hf analyses on magmatic zircon grains (Petersson
et al., 2016; Parra-Avila et al., 2017) and Sm-Nd whole-rock analyses
(Abouchami et al., 1990; Boher et al., 1992; Doumbia et al., 1998) in
post-2265 Ma igneous rocks overlap in age with the above-described
range of xenocrystic zircon cores. The minimum age for tholeiitic
mafic volcanism remains poorly constrained but is interpreted to be
marked by the emergence of abundant diorite-tonalite-granodiorite
plutons after c. 2265 Ma (De Kock et al., 2011; Tshibubudze et al.,
2013, 2015; Parra-Avila et al., 2017). For now, we estimate the mini-
mum age for tholeiitic mafic volcanism at 2265 + 17 Ma, i.e. the
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Mineral abbreviations: Ar = aragonite; Cc = calcite; Jd = jadeite; Qtz = quartz; LAb = low albite; and HAb = high albite. Metamorphic facies abbreviations: AM =
amphibolite; Amp-EC = amphibolite-eclogite; BS = blueschist; EA = epidote-amphibolite; Ep-EC = Epidote Eclogite; GR = sillimanite-granulite; HGR =
kyanite-granulite; GS = greenschist; Lw-EC = lawsonite-eclogite (P-T diagram modified after Liou et al., 1998; Ernst and Liou, 2008).

crystallisation age of a granodiorite in the Tenkodogo Fada N’Gourma et al., 1990); oceanic flood basalts (Lompo, 2009; Hayman et al., 2023);
domain of eastern Burkina Faso (Parra-Avila et al., 2017). and intra-oceanic island arc basalts (e.g. Salah et al., 1996).
Where reported, igneous rocks assigned to this lowermost mafic
stratigraphy are characterised by a tholeiitic affinity, relatively flat to X . .
slightly depleted REE patterns with low (La/Yb), ratios, and no pro- 3.2. ¢ 2265-2200 Ma time slice (Fig. 0)
nounced heavy REE (HREE) depletion, features collectively interpreted .
to be consistent with these primitive melts being derived through partial 3.2.1. Stratigraphy

melting in the spinel (+ garnet) lherzolite stability field (Salah et al., Transitional t'o calc-alkal‘lflfe, l?lm.odal Vc‘>lcamc successions
1996; Lompo, 2009; Hayman et al., 2023). The geodynamic setting for conformably overlie older tholeiitic units in most, if not all, greenstone
’ PO S y : oY belts across the Baoulé-Mossi Domain, although basal unconformities
these basalts is largely interpreted from geochemical data and thus re- . R o ) X X
mains debated, with models including (i) mid-ocean ridge basalts (Leube are recognised locally (Fig. 2). These mafic-intermediate-felsic volcanic

suites (basalt-andesite-dacite-rhyolite series) and associated pyroclastic-



J. Perret et al.

Precambrian Research 422 (2025) 107707

2350-2265 Ma

F oo

0
- 5°N

125

CRS: WGS 84

Base map: ©Google Satellite

+10°w
+ 5°W

 10°Wk

Deformation
/' .
7/ Extension

N Shortening
N

Mineral Systems
Au-poor VMS
Au-rich VMS
Porphyry Cu
Orogenic Au
Intrusion-related Au
Paleoplacer Au

Au skarn

Fe(-Au) skarn

O e®@eO0@@O0OO0OCO0CEO

Intrusion-hosted
Ni-Cu-PGE

Rare metal granites

and LCT pegmatites

Fig. 5. Summary of the c. 2350-2265 Ma time slice. Refer to the legend in Fig. 1 for details on the background geological map. Only the Paleoproterozoic units of
known age and emplaced during the specified time slice are coloured, while others are shown in transparent grey shades (note that some units may appear coloured
in successive time slices due to age uncertainties, which result in overlapping age ranges across multiple time slices). The Archean Kénéma-Man domain is depicted in
white. Arrows indicate the predominant shortening and/or extension paleodirection(s) at the centres of belts where the deformation stages have been identified.
When present, mineral deposits emplaced during the time slice are represented. They are labelled in grey if the timing of emplacement considered is less robustly
constrained. Deformation, metallogenic inventory, and related geochronological constraints are compiled in Electronic Supplementary Material 2.

2265-2200 Ma

F oo

0 125
[ se—

CRS: WGS 84
Base map: ©Google Satellite

- 5°N

+10°w
+ 5°W

F 10°W
- 5°W+

Deformation
/' .
7/ Extension

N Shortening
N

Mineral Systems
Au-poor VMS
Au-rich VMS
Porphyry Cu
Orogenic Au
Intrusion-related Au
Paleoplacer Au

Au skarn

Fe(-Au) skarn

Intrusion-hosted
Ni-Cu-PGE

O e®@eO0@@O0OO0OCO0CEO

Rare metal granites
and LCT pegmatites

Fig. 6. Summary of the c. 2265-2200 Ma time slice. Caption as per Fig. 5.



J. Perret et al.

volcanoclastic deposits are locally associated with co-magmatic gabbro
and pyroxenite complexes (Hayman et al., 2023; Masurel et al., 2022).
These transitional to calc-alkaline volcanic successions were interpreted
to reflect subaqueous deposits transitioning into emergent (subaerial)
volcanic centres (Salah et al., 1996; Hayman et al., 2023).

As a corollary to the point made for tholeiitic mafic volcanism, the
exact onset of calc-alkaline bimodal volcanism remains poorly con-
strained and may have been diachronous between the eastern and
western Baoulé-Mossi Domain. The related volcanic successions have
likely erupted coevally with the emplacement of calc-alkaline, metal-
uminous to peraluminous, biotite-hornblende-bearing diorite-granodi-
orite-tonalite plutonic bodies within greenstone belts across the Baoulé-
Mossi Domain (de Kock et al., 2011; Tapsoba et al., 2013; Petersson
et al., 2016; Parra-Avila et al., 2017; Grenholm et al., 2019a). Although
the discernible onset of such plutonism occurred at c. 2265 Ma (De Kock
etal., 2011; Parra-Avila et al., 2017), it only became voluminous after c.
2200 Ma. The higher geochronological data density towards younger
ages for these plutons, i.e. 2210-2200 Ma, may yet reflect a preservation
and/or sampling bias only. Micaschists associated with calc-alkaline
geochemical affinities and interlayered with talc-chlorite schists and
amphibolites in the Diagourou-Darbani greenstone belt of Niger yielded
protolith/detrital ages between c. 2278 + 5 and 2273 + 19 Ma, eNd(T)
values of +0.3 to +1.7, and Tpy close to 2300 Ma (Soumaila et al.,
2008). Furthermore, a rhyolitic tuff in the Goren greenstone belt of
northern Burkina Faso yielded a crystallisation age of 2238 + 5 Ma
(Castaing et al., 2003). Lastly, polymict conglomerates in the Oudalan-
Gorouol belt of north-eastern Burkina Faso were deposited prior to c.
2200 Ma and contain granitic detritus as old as 2255 + 26 Ma
(Tshibubudze et al., 2013, 2015).

Geochemical features associated with these bimodal calc-alkaline
volcanic rocks include enrichment in LILE relative to high-field
strength elements (HFSE), negative HFSE (e.g. Nb-Ta-Ti) anomalies,
fractionated REE patterns with moderate to high (La/Yb), ratios, no Eu
anomaly, and moderate to high Sr/Y ratios (Béziat et al., 2000; Pawlig
et al., 2006; Dampare et al., 2008; Baratoux et al., 2011; Block et al.,
2016a; Nunoo et al., 2022). Statistically representative isotopic datasets
for these calc-alkaline volcanic successions remain lacking. The avail-
able Sm-Nd whole-rock data, however, reflects some degree of isotopic
heterogeneity between different greenstone belts. For instance, basalts
and andesites-rhyolites in the Mako greenstone belt of Senegal yielded
eNd(T) values of +2.1 to +3.7 and T%M between 2245-2133 Ma (Pawlig
et al., 2006) whereas basalts and basaltic-andesites in the Wa-Lawra
greenstone belt of north-western Ghana yielded eNd(T) values of 0.8
to +2.86 and TZDM between 2470-2310 Ma (Sakyi et al., 2020).

3.2.2. Plutonism

Felsic plutonism between c. 2265-2200 Ma was predominantly
recognised in Ghana, Burkina Faso, and eastern Cote d’Ivoire, although
more spatially restricted plutons of similar ages were reported in Mali
and Senegal across the Kédougou-Kénieba Inlier. A representative se-
lection of plutonic rocks for this period is listed hereafter.

In the Oudalan-Gorouol greenstone belt of north-eastern Burkina
Faso, the Kel Enguef migmatitic orthogneiss, the Lilengo granodioritic
orthogneiss, and the Mrs Pink granite yielded crystallisation ages of
2253 + 15, 2253 + 9, and 2203 + 12 Ma, respectively (Tshibubudze
etal., 2013, 2015). In the Kibi-Winneba greenstone belt of south-eastern
Ghana, the West Accra biotite-hornblende-granodiorite yielded a crys-
tallisation age of 2229 + 4 Ma (Petersson et al., 2016). In the Julie
greenstone belt of north-western Ghana, the Chaggupani biotite-
hornblende-granodiorite yielded a crystallisation age of 2209 + 5 Ma
(Nunoo et al., 2022). In the Bolé-Bulenga plutonic domain of north-
western Ghana, the Gondo granitic orthogneiss yielded a precursor
age of 2187 + 5 Ma and two inherited zircon grains dated at 2217 + 21
Ma (De Kock et al.,, 2011), whereas the Lambonga biotite-bearing
granitic orthogneiss yielded a crystallisation age of 2193 + 4 Ma and
three inherited zircon grains dated at 2211 + 6 Ma (De Kock et al.,
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2011). In the Mako greenstone belt of the Kédougou-Kénieba Inlier, the
Sandikounda hornblende-biotite-bearing tonalitic and dioritic orthog-
neisses yielded a crystallisation age of 2205 + 15 (Gueye et al., 2007)
and 2202 + 6 Ma (Dia et al., 1997), and the Badon granodiorite yielded
crystallisation ages of 2213 + 3 and 2198 + 2 Ma (Gueye et al., 2007).

3.2.3. Deformation

Field evidence argues for a cryptic increment of deformation that
occurred prior to c¢. 2200 Ma in the eastern part of the Baoulé-Mossi
Domain. This increment of deformation, however, is commonly over-
looked during geological mapping due to the subsequent tectono-
thermal overprint and associated reorientation of mineral fabrics. In
the Oudalan-Gorouol greenstone belt of north-eastern Burkina Faso, the
2253 + 9 Ma Lilengo granodioritic orthogneiss is unconformably over-
lain by lower-grade volcanosedimentary rocks (e.g. dolomite, BIF,
basalt, greywacke, siltstone, mudstone, conglomerate) of the Oudalan
basin, with both units intruded by the 2203 + 12 Ma Mrs Pink granite
(Tshibubudze et al., 2013, 2015). In the Bolé-Navrogo greenstone belt of
north-western Ghana, tectonically foliated xenoliths in an amphibolite
and a paragneiss were documented within the 2195 + 4 Ma Ifanteyire
and 2187 + 3 Ma Gondo granitic orthogneisses (Siegfried et al., 2009;
De Kock et al., 2011, 2012). The far-field boundary stress conditions and
tectonic style associated with this early increment of deformation
remain uncertain, but, if correct, would push back the onset of the
Eoeburnean Tectonic Event at least ~ 25 Myr older than currently rec-
ognised at c¢. 2175 Ma (Masurel et al., 2022).

3.2.4. Metallogenic inventory

The identification of mineralisation older than c. 2200 Ma across the
SWAC is particularly challenging due to the intensity of the subsequent
tectono-thermal overprint, the limited amount of robust geochronolog-
ical constraints on multi-commodity ores, and the low preservation
potential of some mineral systems such as volcanic-hosted massive sul-
phides and epithermal gold. The only potential candidate recognised to
date is the Nsuta Mn deposit, which is interpreted to have formed at c.
2200 Ma based on relative chronological constraints (Grenholm et al.,
2019a and references therein).

3.3. ¢. 2200-2135 Ma time slice (Fig. 7)

3.3.1. Stratigraphy

Calc-alkaline bimodal volcanism appears to have peaked, in terms of
volumetric abundance, between c. 2200 and 2175 Ma in the eastern-
central Baoulé-Mossi Domain (Feybesse et al., 2006; Gueye et al.,
2007; Hirdes et al., 2009; de Kock et al., 2011; Baratoux et al., 2011;
Perrouty et al., 2012; Tshibubudze et al., 2015; Block et al., 2016a;
McFarlane et al., 2019; Grenholm et al., 2019a; Nunoo et al., 2022).
Voluminous intermediate to felsic magmatism followed in the eastern-
central Baoulé-Mossi Domain between c. 2175 and 2135 Ma (Fig. 2).
A rhyolitic lava in the Houndé greenstone belt of south-western Burkina
Faso yielded a crystallisation age of 2171 + 7 Ma (Castaing et al., 2003),
which falls within error of rhyolites dated at 2166 + 2 Ma in the Sefwi
greenstone belt of south-eastern Ghana (Hirdes et al., 2007) and 2170 +
6 Ma in the Oumé-Féttekro greenstone belt of central Cote d’Ivoire
(Hayman et al., 2023). Andesitic to dacitic lavas in the Bolé-Navrogo
greenstone belt of north-eastern Ghana yielded crystallisation ages be-
tween 2155 + 6 and 2149 + 7 Ma (Block et al., 2016a). The reworking
of felsic volcanic edifices (e.g. dacite-rhyolite lava flows, lapilli tuffs, and
ignimbrites) led to the onset of deposition of volcanoclastic and epi-
clastic rocks in sedimentary depocentres in the eastern Baoulé-Mossi
Domain (e.g. Sunyani-Comoé, Kumasi, Maluwe; Grenholm et al., 2019a;
Masurel et al., 2022). The complete internal stratigraphy of these basins
has yet to be unravelled due to a combination of factors including the
lack of lithological variation, weathering and exposure conditions, and
the intensity of overprinting strain. The emerging view, however, is that
the base of these series consists of volcanic-derived material progressing
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upwards into epiclastic sedimentary rocks (e.g. greywacke, sandstone,
siltstone) characterised by a gradual decrease in volcanic material input
(Davis et al., 2015; Grenholm et al., 2019a). Importantly, the cessation
of volcanism across the eastern-central Baoulé-Mossi Domain is con-
strained to c. 2135 Ma and marks a fundamental change in the geolog-
ical evolution of the SWAC (Grenholm et al., 2019b and references
therein).

3.3.2. Plutonism

Felsic plutonism between c. 2200-2135 Ma was recognised across
the Baoulé-Mossi Domain. Key plutons of this age in south-eastern
Ghana include the 2195 + 6 Ma Wassa felsic porphyry (Parra-Avila
et al., 2015), 2193 + 9 Ma Kibi-Winneba granitic orthogneiss (Anum
et al., 2015), 2176 + 3 Ma Papoase granodiorite (Hirdes et al., 1993),
2174 + 2 Ma Dixcove tonalite (Hirdes et al., 1992), 2172 + 4 Ma Ketan
granodioritic orthogneiss (Opare-Addo et al., 1993), 2159 + 4 Ma
Kenyase monzogranite (Feybesse et al., 2006), 2157 + 5 Benso grano-
diorite (Parra-Avila et al., 2015), 2159 + 2 Ma Prince Town granite
(Attoh et al., 2006), and 2158 + 5 Ma monzonitic orthogneiss (Feybesse
et al., 2006). Plutons of similar ages in Burkina Faso include the 2182 +
3 Ma Tougan-Thiou tonalite (Castaing et al., 2003), 2181 + 7 Ma Yalago
granodiorite (Tapsoba et al., 2013), 2168 + 10 to 2149 + 12 Ma Iridiaka
Suite (Parra-Avila et al., 2015), 2146 + 9 Ma Tin-Taradat granodiorite
and 2148 + 9 Ma Dori Batholith (Tshibubudze et al., 2015), 2140 + 7
Ma Kiaka diorite (Fontaine et al., 2017). In Cote d’Ivoire, and Mali, these
include the 2154 + 1 Ma Dabakala tonalitic orthogneiss (Gasquet et al.,
2003) and 2150 + 15 Ma Tienko orthogneiss (Liégeois and De Waele,
2005), respectively. In the Kédougou-Kénieba Inlier, representative
plutons of this age include the 2158 + 8 Ma amphibolite-biotite-bearing
tonalite of the Sandikounda layered plutonic complex (Dia et al., 1997)
and 2147 + 8 Ma Finman horblende-granodiorite (Masurel et al.,
2017a).

K50/Na0 ratio for these plutonic rocks displays a mean value of 0.4,
indicating a predominantly sodic composition. Sr/Y mean values of 65
suggest that these magmas were derived from a source region where

hornblende and/or garnet were stable, indicative of relatively thick
crust (Thébaud et al., submitted). U-Pb-Hf data show an increase of eHf
(t) with a mean value of 4.2, indicating dominantly juvenile material in
central and western Ghana, Cote d’Ivoire, and Burkina Faso (Fig. 3;
Thébaud et al., submitted). However, the juvenile signature is con-
trasted by negative eHf(t) values in the south-easternmost Baoulé-Mossi
Domain in both Ghana and Togo, indicating local reworking of Archean
crust at c. 2135 Ma (e.g. Suhum basin, not visible in Fig. 1, Petersson
et al.,, 2016; Kibi-Winneba greenstone belt, Petersson et al., 2018;
Amponsah et al., 2023; Thébaud et al., submitted).

These biotite-hornblende-bearing, metaluminous to peraluminous, I-
type, calc-alkaline plutonic rocks are not strictly TTGs as per the defi-
nition of Moyen and Martin (2012) and were defined as TTG-like by
Parra-Avila et al. (2019). TTG-like plutons in the Baoulé-Mossi Domain
are inferred to have been generated either by high-pressure (garnet-
bearing residue) or low-pressure (garnet-free residue) partial melting of
young and warm subducted slab (McFarlane et al., 2019) or by partial
melting at the base of volcanic island arcs following dehydration of the
deep slab and heat transfer from the mantle wedge (Ganne et al., 2014).

3.3.3. Deformation

The first, major increment of deformation recorded in the Baoulé-
Mossi Domain is referred to as the Eoeburnean Tectonic Event (De Kock
et al.,, 2011). This tectonic event was underway at c. 2175 Ma and
associated with deformation features widely recognised in the north-
eastern Baoulé-Mossi Domain (Naba et al., 2004; Vanin et al., 2004;
Vegas et al., 2008; Hein, 2010; De Kock et al., 2012; Perrouty et al.,
2012; Tshibubudze et al., 2015; McCuaig et al., 2016; Block et al. 2016b;
McFarlane et al. 2019). Two kinematic views have been proposed for the
Eoeburnean Tectonic Event. In one view, abundant ENE-striking tec-
tonic fabrics and shear zones were interpreted to reflect NNW-SSE-
directed bulk crustal shortening (Perrouty et al., 2012; Tshibubudze
et al., 2015; Block et al., 2016b). In an alternative view, the regional-
scale deformation features were interpreted to reflect incremental/
progressive NW-SE-directed bulk crustal shortening (Feybesse et al.,
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2006; Grenholm et al., 2019b; Chardon et al., 2020).

3.3.4. Metamorphism

Although variability in kinematics has been documented across
distinct greenstone belts and granitoid domains, this major increment of
deformation is correlated with crustal thickening (clockwise pressur-
e-temperature (P-T) paths) and upper greenschist-, amphibolite- to
granulite-facies metamorphism (Fig. 4). Peak metamorphic conditions
of 12-14 kbar at 550-600 °C followed by 7-10 kbar at 600-650 °C were
reported in the Bolé-Bulenga domain of north-western Ghana (Block
et al.,, 2016b); 10-12 kbar and 400-450 °C in the Tenkodogo Fada
N’Gourma and neighbouring domains of Burkina Faso (Ganne et al.,
2012), 7-9 kbar and 560-680°C in the Diagourou-Darbani greenstone
belt in Niger (Soumaila and Garba, 2006). Only a few studies, however,
have combined structural, metamorphic, and geochronological analyses
thus achieving a complete record of the pressure-temperature-timing-
deformation (P-T-t-d) paths. The timing of peak regional metamorphism
was constrained to 2137 + 8 Ma (U-Pb on monazite in leucosome) in
north-western Ghana (Block et al., 2016b) and 2135 + 11 Ma (U-Pb on
metamorphic zircon grains) in Burkina Faso (Augustin et al., 2017).

3.3.5. Metallogenic inventory

A range of economically significant mineral systems formed across
the central-eastern part of the Baoulé-Mossi Domain during this period.
Gold systems formed in two distinct pulses over this period and are
tentatively referred to as early Eoeburnean (c. 2190-2170 Ma; VMS,
porphyry-Cu-(Au-Mo) and orogenic Au) and late Eoeburnean (c. 2140
Ma; Au skarn).

VMS systems are best represented by the Perkoa and Tiébelé deposits
in Burkina Faso. Mineralisation at Perkoa is constrained to have
occurred between the crystallisation of the host rhyolite at 2171 + 7 Ma
(Le Meétour et al., 2003) and a crosscutting quartz-diorite dated at 2175
+ 1 Ma (Schwartz and Melcher, 2004). Mineralisation at Tiébelé is
interpreted to have occurred broadly synchronously with eruption of A-
type rhyolites dated at 2156 + 9 Ma (Ilboudo et al., 2017).
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Porphyry systems include Cu-(Au) mineralisation at Gaoua in
northwest Ghana, dated at 2165 + 24 Ma via Re-Os on hydrothermal
pyrite (Le Mignot et al., 2017b), and Cu-(Mo) mineralisation at Kourki in
south-western Niger, dated at 2144 + 40 Ma, also by the Re-Os method,
with an emplacement age for associated granitoids at c. 2137 Ma (Léger
et al., 1992; Hallarou et al., 2021).

At Mana in Burkina Faso, early Eoeburnean orogenic Au minerali-
sation occurred contemporaneously with the intrusion of syn-tectonic
plutons such as the 2172 + 6 Ma Wona-Kona and 2176 + 8 Ma Siou
plutons (Augustin et al., 2017). At Wassa in Ghana, early Eoeburnean
orogenic Au mineralisation is constrained by the crystallisation of the
host porphyry at 2191 + 6 Ma and the crosscutting Benso granodiorite
at 2157 + 5 Ma, and ore-related hydrothermal pyrite dated at 2164 +
14 Ma (Parra-Avila et al., 2015; Le Mignot et al., 2017a).

The only recognised late Eoeburnean gold deposit to date is the
Tongon Au skarn deposit in northern Cote d’Ivoire. It formed during
peak metamorphism and deformation at c. 2140 Ma, immediately prior
to the emplacement of the 2139 + 21 Ma Tongon granodiorite
(Lawrence et al., 2017).

3.4. c¢. 2135-2120 Ma time slice (Fig. 8)

3.4.1. Stratigraphy

This period was marked by deposition of shallow to deep water
volcanoclastic and/or epiclastic sedimentary series in large (~50-200
km wide) depocentres in the eastern-central Baoulé-Mossi Domain
(Figs. 1,2). Some of these sedimentary series unconformably overlie
Birimian packages locally whereas the nature of the basal contact ap-
pears conformable to disconformable elsewhere (Grenholm et al.,
2019a). Key examples include the c. 2135-2125 Ma Maluwe series (De
Kock et al., 2011; Block et al., 2016a); c. 2135-2115 Ma Kumasi and
Sunyani-Comoé series (Oberthiir et al., 1998; Hirdes et al., 2007; Ada-
dey et al., 2009); and the c. 2140-2125 Ma Akyem series (Grenholm
et al., 2019a). Note that basin infill may have however started as early as
c. 2150 Ma based on (i) maximum depositional age constraints (e.g.
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Sunyani basin: 2151 + 5 Ma, Grenholm et al., 2019a and 2141 + 7 Ma,
Adou et al., 1995; Kumasi basin: 2158 + 3 Ma, Nunoo et al., 2022, 2155
4 2 Ma, Oberthiir et al., 1998 and 2154 4 7 Ma, Grenholm et al., 2019a);
and (ii) crosscutting intrusive rocks (e.g. Maluwe basin: 2145 + 1 Ma
granite, Zitzmann 1997; Sunyani basin: 2145 + 2 Ma granite, de Kock
et al., 2012).

The c. 2135-2120 Ma period was also marked by deposition of
shallow water to subaerial sedimentary series in narrow depocentres in
the eastern-central Baoulé-Mossi Domain, although at a slightly younger
time (Fig. 2). Key examples include the c. 2125-2120 Ma Chako series
deposited in an intra-orogenic depocentre flanking anatectic migmatite
domes (Block et al., 2016b) and the c¢. 2125-2115 Ma Safané-Téhini
series deposited along a crustal-scale shear zone (Baratoux et al., 2011).

3.4.2. Plutonism

Available geochronological constraints for this time slice may not
allow an accurate definition of the spatial distribution of such plutonism
and its potential chemical heterogeneity. Yet, it is likely that voluminous
felsic volcanism (e.g. rhyolite, ignimbrite) was contemporaneous with
co-magmatic felsic plutons and shallow intrusive rocks. For instance, the
syn-kinematic 2128 + 6 Ma Tenkodogo-Yamba granite (Castaing et al.,
2003) in eastern Burkina Faso emplaced during a period of transcurrent
tectonics (Naba et al., 2004; Vegas et al., 2008). In north-western Ghana,
the 2122 + 6 Marsipe granite (Adadey et al., 2009) transects fabrics
associated with Eoeburnean (c. 2200-2135 Ma) deformation (De Kock
etal., 2011; Block et al., 2016b). In northern Burkina Faso, 2129 + 7 Ma
and 2123 + 6 Ma syn-kinematic granites emplaced during a period of
bulk crustal shortening (Parra-Avila et al., 2015; McCuaig et al., 2016).

3.4.3. Deformation

The deposition of both shallow to deep water sedimentary series in
large-scale depocentres and molasse in narrower depocentres in the
central-eastern Baoulé-Mossi Domain occurred shortly after the tectono-
thermal peak associated with the Eoeburnean Tectonic Event. The
mechanism(s) of large-scale basin formation remain uncertain, with
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proposed models including: (i) indentation-triggered extension/trans-
tension by lateral escape and rotation of the crustal blocks around rigid
indenter (Grenholm et al., 2019b); (ii) fore-arc, back-arc, and intra-arc
basins (Perrouty et al.,, 2012); and (iii) foreland basins (Feybesse
et al., 2006; Block et al., 2016b). Adding to the problem, transpressional
tectonics recorded along the margins of the north-eastern Burkina Faso
occurred contemporaneously with basin-fill under predominantly
extensional/transtensional tectonics in the central-eastern Baoulé-Mossi
Domain (Castaing et al., 2003; Naba et al., 2004; Vegas et al., 2008;
Tshibubudze et al., 2015).

3.4.4. Metamorphism

In north-western Ghana, tectonic exhumation of amphibolite-facies
rocks from ~ 12 kbar to ~ 5 kbar at temperatures reaching 700-800
°C expressed as migmatisation was dated at 2127 + 7 Ma (U-Pb on
metamorphic monazite; Block et al., 2015, 2016b) (Fig. 5) and occurred
within an increment of extensional deformation (Fig. 8).

3.5. ¢. 2120-2095 Ma time slice (Fig. 9)

3.5.1. Stratigraphy

This period was marked by deposition of shallow to deep water
volcanoclastic and/or epiclastic sedimentary series in large depocentres
in the western-central Baoulé-Mossi Domain (Fig. 2). Key examples
include the c. 2115-2100 Ma Siguiri series (Lebrun et al., 2016); c.
2120-2105 Ma Kofi and Dialé-Daléma series (Masurel et al., 2017a;
Allibone et al., 2020); c. 2115-2095 Ma Boundiali-Bagoé series (Wane
etal., 2018); c. 2110-2095 Ma Bougouni series (McFarlane et al., 2011);
and c. 2107-2095 Ma Banfora-Bandama-Lobo series (Doumbia et al.,
1998). This period was also marked by deposition of shallow water to
subaerial sedimentary series in narrow depocentres (Fig. 2). Key ex-
amples include the c. 2107-2097 Ma Tarkwa series (Pigois et al., 2003;
Oberthiir et al., 1998; Adadey et al., 2009); c. 2120-2115 Ma Bui series
(Kiessling et al., 1997; Grenholm et al., 2019a); c¢. 2115-2105 Ma
Sambrigian series (Hirdes et al., 1996; Liidtke et al., 1999); c.
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2105-2095 Ma Kintinian series (Lebrun et al., 2016); and Tarkwaian-
type sedimentary rocks in Burkina Faso over a shorter-lived event con-
strained at c. 2124 Ma (Bossiere et al., 1996).

3.5.2. Plutonism

From 2120 to 2095 Ma, plutonic activity spread from eastern Bur-
kina Faso through to Mali and Senegal. Plutonism during this time slice
exhibits Ko0/NayO ratio with a mean value of 0.57, but spreading a
range from 0.20 to 0.90, suggesting mixed composition involving both
primitive sodic and reworked alkaline sources (Thébaud et al., submit-
ted). Sr/Y ratio returns a mean value of 52, indicating magmas were
derived from a source region where hornblende and/or garnet were
stable (Fig. 3; Thébaud et al., submitted). U-Pb-Hf data show a down-
ward trend in eHf(t) values (i.e. “isotopic pull-down”), compatible with
crustal thickening and reworking of Eoeburnean juvenile suites. Very
negative eHf(t) values (~ —7) and along the eastern and northern
margin of the Kénéma-Man Domain indicate localised reworking of
Meso- to Paleoarchean crust (Eglinger et al., 2017; Koffi et al., 2023).

3.5.3. Deformation

The second, major increment of deformation recorded in the Baoulé-
Mossi Domain is referred to as the Eburnean Tectonic Event or Eburnean
orogeny (Bonhomme, 1962). This tectonic event started at c. 2120 Ma
and is associated with deformation features widely recognised across
two-thirds of the Baoulé-Mossi Domain (Fig. 9). Based on whole rock
geochemistry of felsic magmas and associated U-Pb-Hf isotopic con-
straints (Fig. 3), the Eburnean orogeny may be extended to c. 2135 Ma. It
encompassed both deposition and inversion of large-scale volcanosedi-
mentary series in the north-western Baoulé-Mossi Domain (Masurel
et al., 2022 and references therein). There, inversion of
carbonate-rocks-bearing flysch basins between c. 2110-2095 Ma resul-
ted in clockwise P-T paths and the development of 1-10-km-scale NNE-
to NE-trending isoclinal folds, associated axial-planar cleavage, major
intra-basin reverse shear zones, and reactivation of the basin margin
faults as major reverse shear zones (Hirdes et al., 1992; Allibone et al.,
2002a,b; Masurel et al., 2017a; Allibone et al., 2020; Oliver et al., 2020).

It has been proposed that the collision between the Baoulé-Mossi
Domain and the Archean Kénéma-Man Domain occurred at c. 2095 Ma
after NW-SE-directed oblique convergence (Chardon et al., 2020;
Grenholm et al., 2019b; Mériaud et al., 2020; Traoré et al., 2022; Wane
et al., 2018; Masurel et al., 2022). Such collision was coeval with
oblique-slip reactivation of the crustal-scale Sassandra, Banifing,
Siékorolé, and Greenville-Ferkessédougou-Bobo-Dioulasso shear zones
across the central and western parts of the Baoulé-Mossi Domain (Egal
et al., 2002; Feybesse et al., 2006; Eglinger et al., 2017; Wane et al.,
2018).

3.5.4. Metamorphism

In southern Guinea, the peak P-T conditions at 5-7 kbar and
700-800 °C were estimated at 2115-2075 Ma based on U-Pb zircon ages
of adjacent syn-tectonic granites (Lerouge et al., 2004; Fig. 4).

3.5.5. Metallogenic inventory

This time slice marks one the most prolific periods of gold mineral-
isation across the eastern-central part of the Baoulé-Mossi Domain, and
broadly correlates with peak collisional orogenesis in its western
counterpart (Masurel et al., 2022). This apparent volumetric peak in
gold deposition was referred to by Thébaud et al. (2020) as the “early
Eburnean gold stage”, and accounts for the bulk of the sSWAC’s gold
endowment, including both orogenic Au and paleoplacer Au systems.

Paleoplacer Au deposits are exemplified by the auriferous quartz-
pebble conglomerates of the Tarkwaian Banket Formation (c.
2107-2097 Ma) both at Tarkwa and Damang. The gold-bearing coarse-
clastic rock successions were deposited in a fluvial-lacustrine foreland
basin and unconformably overlie Eoeburnean basement (Hirdes and
Nunoo, 1994; White, 2011; Thébaud et al., 2020). These paleoplacer Au
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systems formed broadly synchronous with orogenic Au systems. For
instance, the giant (>60 Moz) Obuasi Au deposit formed contempora-
neously with greenschist-facies metamorphism at c. 2095 Ma (Oberthiir
et al., 1998; Fougerouse et al., 2017; Oliver et al., 2020). Orogenic Au
mineralisation at Bogoso-Prestea and Chirano in south-eastern Ghana
are interpreted to have formed at the same time as the Obuasi deposit at
2098 + 7 Ma (Allibone et al., 2002a; 2004). Other, less economically
significant orogenic Au deposits formed at similar times include Bep-
kong in the Wa-Lawra greenstone belt (Ghana) and Mana in the Houndé-
Boromo greenstone belt (Burkina Faso). The Bepkong gold deposit
formed synchronously with sinistral movement along the Jirapa shear
zone at ¢. 2100 Ma (Amponsah et al., 2016; Block et al., 2016b). The
Mana gold deposit similarly formed coeval with sinistral displacement
along the Wona-Kona shear zone and intrusion of the 2090 + 8 Ma
Kokoi diorite (Augustin et al., 2017).

Although orogenic Au and paleoplacer Au systems dominate the
metallogenic inventory associated with this time slice, other minerali-
sation styles also formed during this period. For instance, the Ity Au
skarn in northern Cote d’Ivoire was formed at 2104 + 3 Ma (Béziat et al.,
2016) and a hypothesised intrusion-related Au stage at Morila in south-
eastern Mali is constrained to have occurred between 2098 + 4 Ma and
2091 + 4 Ma (McFarlane et al., 2011). The genesis of the Goulamina
spodumene pegmatite field is tentatively correlated with a suite of post-
2100 Ma collisional granitoids similar to the Morila intrusion (Parra-
Avila et al. 2017; Wilde et al., 2021).

3.6. c¢. 2095-2060 Ma time slice (Fig. 10)

3.6.1. Stratigraphy

A resurgence in volcanism was restricted to the north-western
margin of the Kénéma-Man Domain along the WNW-striking Kankan-
Odienné shear zone (Fig. 10) and represented by the Niandan and
Kéniero volcanic suites (Thiéblemont, 1989; Hirdes et al., 1996). The
Kéniero bimodal (mafic-felsic) volcanic rocks have been dated between
2098 + 4 and 2093 + 2 Ma (Guérrot, in Feybesse et al., 1999). The
Niandan komatiitic basalts cut across the Kéniero volcanic rocks but
these are themselves cut by hypovolcanic intrusions dated at 2085 + 2
Ma (Guérrot, in Feybesse et al., 1999). Eruption of such juvenile
mafic-ultramafic volcanic rocks through crust thickened during Ebur-
nean collision was interpreted to reflect upwelling of the asthenosphere
and associated extension caused by lithospheric delamination or slab
break-off (Eglinger et al., 2017; Mériaud et al., 2020).

This resurgence in volcanism extended up to the Kédougou-Kénieba
Inlier, where it is represented by the c. 2085-2075 Ma Falémé magmatic
belt (Lahondere et al., 2002; Hirdes and Davis, 2002; Lambert-Smith
et al., 2016a; Allibone et al., 2020). There, an andesitic volcaniclastic
rock and a rhyolite yielded crystallisation ages of 2078 + 7 Ma (Allibone
et al., 2020) and 2082 + 8 Ma (Delor et al., 2010), respectively. A py-
roclastic rock from the vicinity yielded a maximum depositional age of
2096 + 7 Ma (Allibone et al., 2020). These geochronological constraints
are consistent with crystallisation ages obtained from plutons, plugs,
and dykes of the Falémé batholith, including the 2082 + 1 Ma Boto
tonalite and 2080 + 1 Ma Boboti granodiorite (Hirdes and Davis, 2002),
2080 + 11 Ma Highway monzonite and 2070 + 6 Ma Balangouma
quartz-monzodiorite (Allibone et al., 2020).

These geochronological constraints collectively indicate a magma
flare-up event along the north-eastern margin of the Kénéma-Man
Domain between c. 2095 and 2075 Ma. The timing of this magma flare-
up event is consistent with emplacement of the Samapleu-Yacouba
layered igneous complex (e.g. websterites, pyroxenites, and gabbro-
norites) along the eastern Kénéma-Man Domain margin between 2091
+ 18 and 2080 + 13 Ma (Gouedji et al., 2014). This magma flare-up
event was interpreted as the consequence of the collision between the
Archean Kénéma-Man Domain and the Baoulé-Mossi Domain (Wane
et al., 2018).
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3.6.2. Plutonism

Plutonic activity in the north-eastern Baoulé-Mossi Domain ceased
soon after the end of the peak Eburnean orogeny at c. 2095 Ma (Augustin
et al.,, 2017; Parra-Avila et al.,, 2017; Grenholm et al., 2019b). In
contrast, the north-western Baoulé-Mossi Domain recorded abundant
plutonism during this time slice, as represented by c. 2090-2080 Ma
voluminous S-type granites emplaced in the Dialé-Daléma and Siguiri
basins (Hirdes and Davis, 2002; Parra-Avila et al., 2017), c. 2085-2075
Ma Falémé batholith in the Kédougou-Kénieba Inlier (Lahondere et al.,
2002; Hirdes et al., 1996; Hirdes and Davis, 2002; Lambert-Smith et al.,
2016a; Allibone et al., 2020), and 2097 + 7 to 2082 + 6 Ma high-K, calc-
alkaline to shoshonitic granitic plutonism along the Baoulé-Mossi —
Kénéma-Man boundary (Lebrun et al., 2016; Eglinger et al., 2017).
Importantly, plutons, plugs, and dykes of the Falémé batholith intruded
into sedimentary rocks of the Kofi series but do not record structural
evidence associated with its inversion, whereas Kofi sedimentary rocks
and Falémé intrusive rocks were both affected by low-strain, sinistral
transcurrent deformation (Masurel et al., 2017a; Allibone et al., 2020).
The potassic granite of San Pedro located in the SASCA Domain yielded a
similar age (2084 + 5 Ma; Koffi et al., 2022), and showcases the spread
of this magmatic event as far as the south-western Baoulé-Mossi
Domain.

Plutonic rocks from 2095 to 2060 Ma show metaluminous, calc-
alkalic to alkali-calcic affinities, and both magnesian and ferroan com-
positions. K;0/NayO ratio returns a mean value of 1.0, indicating a
clearly potassic evolved crustal source composition (Fig. 3; Thébaud
et al., submitted). Trace element composition for these plutons shows
Sr/Y and Gb/Yb mean values of 54 and 3.3, respectively, suggesting
mixed source regions (Thébaud et al., submitted). U-Pb-Hf data for this
period show positive eHf(t) at c. 2095 Ma, marking the introduction of
juvenile material into the crust, along with ongoing reworking of older
crustal components around existing Archean continental blocks
(Thébaud et al., submitted). The reworked crustal material is not only
Paleoproterozoic, but also Archean as evidenced by abundant inherited
Archean zircon grains in these rocks (Egal et al., 2002; Kouamélan et al.,
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1997; Thiéblemont et al., 2004; Eglinger et al., 2017). This resurgence in
bimodal magmatism involved both crustal- and mantle-derived melts
and was followed by a downward trend in eHf(t) values (“isotopic pull-
down”) suggesting further reworking of Archean and Paleoproterozoic
crust in a convergent setting. Wane et al. (2018) attributed this resur-
gence of volcanism and the geochemical characteristics of felsic plu-
tonism along the northern margin of the Kénéma-Man Domain to
metacratonisation processes, involving the reworking of Archean crust
and preexisting structures. This interpretation aligns partially with the
model recently proposed by Chardon et al. (2024) for Paleoproterozoic
accretion-collision tectonics in the Reguibat Shield, which suggests that
collision was controlled by thermal erosion and the mechanical soft-
ening of the craton edge by the accretionary orogen.

3.6.3. Deformation

Tectono-thermal activity appears to have shut down by c. 2080 Ma in
the north-eastern Baoulé-Mossi Domain (Augustin et al., 2017; Parra-
Avila et al., 2017; Grenholm et al., 2019b). Except for this region, the
rest of the Baoulé-Mossi Domain similarly underwent transcurrent tec-
tonics (Fig. 10), with sinistral displacement recorded along several
crustal-scale shear zones including the NNE-striking Banifing shear zone
in Mali (Wane et al., 2018), N’Zi Brobo shear zone in Cote d’Ivoire, and
Ashanti-Konongo-Prestea shear zones in Ghana (Masurel et al., 2022).
Deformation along the Archean Kénéma-Man Domain margin operated
at higher temperatures than further away in the eastern Baoulé-Mossi
Domain, as evidenced by granulite-facies metamorphism along ductile
shear zones (Feybesse et al., 2000; Lerouge et al., 2004) and meta-
cratonisation (Wane et al., 2018).

3.6.4. Metamorphism

In the Sefwi greenstone belt, peak regional metamorphic conditions
of 8-10 kbar and 550-600 °C have been dated at c. 2073 Ma (U-Pb on
monazite, McFarlane, 2018; McFarlane et al., 2019), which is similar to
the inferred age of a major episode of shearing parallel to the Sefwi
greenstone belt (Jessell et al., 2012) and high-grade metamorphism
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Table 1

Summary table of the stratigraphic, plutonic, tectonic, and metallogenic record of the sSWAC between c. 2350-2060 Ma.

Stratigraphy

Plutonism

Tectonics: Deformation-Metamorphism

Metallogeny

c. 2095-2060 Ma

c. 2120-2095 Ma

c. 2135-2120 Ma

c. 2200-2135 Ma

Resurgence in bimodal and juvenile
mafic-ultramafic volcanism confined to the
north-western margin of the Kénéma-Man
Domain (e.g. Niandan komatiitic basalts).
Volcanism induced by local asthenospheric
upwelling and extension triggered by
lithospheric delamination or slab break-off

Deposition of shallow to deep water
volcanoclastic and epiclastic sedimentary
series in the western-central Baoulé-Mossi
Domain

Ongoing deposition of shallow water to
subaerial sedimentary series in narrow
depocentres, initiated in the previous time
slice

Sedimentary series unconformably overlying
earlier volcanic series, local evidence for
conformable or disconformable basal contact
Peak deposition of shallow to deep water
volcanoclastic and epiclastic sedimentary
series in ~ 50-200 km wide depocentres in
the eastern-central Baoulé-Mossi Domain

Development of slightly younger, narrow
depocentres, hosting shallow water to
subaerial sedimentary series

Peak of the calc-alkaline bimodal volcanism
between c. 2200-2175 Ma in the eastern-
central Baoulé-Mossi Domain, significant
intermediate to felsic magmatism between c.
2175 and 2135 Ma

Reworking of felsic volcanic edifices: early
deposition of volcanoclastic and epiclastic
sedimentary rocks in depocentres, with
diminishing volcanic input over time,
commenced as early as 2150 Ma

Cessation of the plutonic activity in the north-eastern
Baoulé-Mossi Domain after the peak Eburnean
orogeny (c. 2095 Ma)

Significant S-type and high-K, calc-alkaline to
shoshonitic granitic plutonism in the north-western
Baoulé-Mossi Domain

Mixed source regions: introduction of mantle-
derived melts into the crust, along with ongoing
reworking of older crustal components around
existing Archean continental blocks, followed by
further reworking of Paleoproterozoic crust

Felsic plutonism from eastern Burkina Faso to the
Kedoudou-Kéniéba Inlier

Reworking of Eoeburnean juvenile suites coeval with
crustal thickening, except for the eastern and
northern margins of the Kénéma-Man Domain, and
the south-eastern Baoulé-Mossi Domain, with
evidence for local reworking of Archean crust

Emplacement of syn-tectonic felsic plutons and
shallow intrusive rocks likely coeval to voluminous
felsic volcanism

Spatial distribution and potential chemical
heterogeneity poorly documented

Emplacement of calc-alkaline TTG-like plutons

Widespread across the Baoulé-Mossi Domain and the
Kédougou-Kénieba Inlier

Eburnean tectono-thermal shutdown in the
northeastern Baoulé-Mossi Domain at ¢. 2080 Ma

Late Eburnean transcurrent tectonics with
sinistral displacement along crustal shear zones in
the rest of the Baoulé-Mossi Domain

Peak regional metamorphism at 8-10 kbar and
550-600 °C in the Baoulé-Mossi Domain and the
Kénéma-Man Domain margin, and at 4.5-6 kbar and
500-650 °C in the south-eastern Ghana

Post-tectonic metamorphism after 2060 Ma:
generalised retrogression, and granulite-facies
metamorphism and crustal reworking along the
eastern margin of the Kénéma-Man Domain (4-14
kbar — 600-1000 °C) at c. 2060-2030 Ma, during
metacratonisation

Eburnean Tectonic Event: started around 2120 Ma
(up to 2135 Ma), resulted in the collision of the
Baoulé-Mossi Domain and the Kénéma-Man Domain
around 2095 Ma

NW-SE oblique convergence: inversion and folding
of volcano-sedimentary series, reverse- to oblique-
slip reactivation of basin margin faults and
preexisting shear zones

Clockwise P-T paths, up to 5-7 kbar and 700-800 °C
for peak metamorphic conditions in southern Guinea

Post-tectono-thermal peak of the Eoeburnean
Tectonic Event

Basin formation dominated by extensional/
transtensional tectonics in the central-eastern
Baoulé-Mossi Domain, and transpressional tectonics
along the margins of north-eastern Burkina Faso, no
clear deformation model

Evidence for exhumation of amphibolite-facies rocks
from ~ 12 kbar to ~ 5 kbar at 700-800 °C and
related migmatisation during local extension
Eoeburnean Tectonic Event: first major
deformation in the Baoulé-Mossi Domain, started
around c. 2175 Ma

Expressed in the north-eastern Baoulé-Mossi Domain
by ENE-striking fabrics and shear zones resulting
from NNW-directed shortening, or NW-SE-directed
progressive shortening

Late Eburnean Mineralisation Event: diverse
mineralisation styles associated with retrograde P-T-t
paths and late collisional tectonics.

Late Eburnean Gold Deposits: orogenic and
intrusion Au mostly expressed in the western SWAC,
newly formed deposits (Bonikro (I), Massawa,
Sabodala, Loulo, Sadiola-Yatela) vs overprinting of
preexisting mineralisation until c. 2035 Ma (Bonikro
(II), Damang (II), Wassa (II), Gaoua (II))

Other Deposits: intrusion-hosted Ni-Cu-PGE
(Samapleu), LCT pegmatites (Winneba-Mankoadze,
Mangodara, Issia complex) and rare metal granites
(Akim Oda district) emplaced until c. 2035 Ma

Early Eburnean Mineralisation Event: maximum
mineralisation overlapping with the onset of
Eburnean deformation, peak metamorphism, and
magmatism, particularly in the eastern sWAC
(Burkina Faso, Ghana, and Cote d’Ivoire)

Early Eburnean Gold Deposits: paleoplacer Au (e.
g. Tarkwa, Damang (1)), orogenic Au (e.g. Obuasi (I),
Bepkong, Mana (II)), intrusion-related Au (e.g.
Morila (I))

Other Deposits: Fe-(Au) skarn (Ity (II)), possible
LCT pegmatites (e.g. Goulamina field, related to
Morila intrusion?)

No record available

Eoeburnean Mineralising Event in the central-
eastern part of the Baoulé-Mossi Domain

Early Eoburnean (c. 2200-2170 Ma): VMS (e.g.
Perkoa, Tiébélé), porphyry-Cu-(Au-Mo) (e.g. Gaoua
(D), Kourki), orogenic Au (e.g. Mana (I), Wassa (I))

(continued on next page)
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Table 1 (continued)

Metallogeny

Tectonics: Deformation-Metamorphism

Plutonism

Stratigraphy

Late Eoburnean (c. 2140 Ma): Au skarn (e.g.

Tongon)

Significant crustal thickening and metamorphism

Emplacement during crust thickening, from a source
dominated by material with a juvenile isotopic

Subaerial setting, emerged volcanic centres

ranging from upper greenschist to granulite facies

(up to 12-14 kbar — 550-600 °C) at c.

2145-2120 Ma

signature (mantle-derived?), except for the south-

eastern Baoulé-Mossi Domain with evidence for local

reworking of Archean crust

Cessation of volcanism across the eastern-

central Baoulé-Mossi Domain at c. 2135 Ma
Emplacement of volcanic series overlying
older tholeiitic units, with local basal

unconformities

Initiation of the Eoeburnean Tectonic Event at Identifying mineralisation older than c. 2200 Ma
across the SWAC is challenging due to intense

Calc-alkaline felsic plutonism associated with the
transitional to calc-alkaline bimodal volcanism

c. 2265-2200 Ma

least ~ 25 Myr earlier than the current estimate?

subsequent tectono-thermal overprints, limited

Mostly reported in the eastern Baoulé-Mossi Domain,  Early, cryptic phase of deformation before c. robust geochronological constraints on multi-

Transitional to calc-alkaline bimodal

commodity ores, and the low preservation potential

of certain mineral systems

2200 Ma in the eastern Baoulé-Mossi Domain,

widely overprinted

but some occurrences documented in the Kédougou-

Kénieba Inlier

volcanism, comprising basalt-andesite-dacite-
rhyolite series associated with pyroclastic

deposits and co-magmatic gabbro-pyroxenite

complexes

Expressed by syn-tectonic orthogneisses and foliated
xenoliths in Ghana and north-eastern Burkina Faso

Plutonism becomes more voluminous after 2200 Ma

Subaqueous setting to emergence of volcanic

centres

Onset of calc-alkaline bimodal volcanism

likely diachronous between the eastern and

western Baoulé-Mossi Domain

No record available

No record available

No record available

Emplacement of the basal part of greenstone

belts

c. 2350-2265 Ma

Voluminous mafic volcanism expressed by
tholeiitic massive and pillow basalts

Subaqueous setting
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along ductile shear zones on the eastern Kénéma-Man Domain margin
dated at 2071 + 2 Ma (U-PDb on titanite, Feybesse et al., 2000; Lerouge
et al., 2004). Peak regional metamorphic conditions in south-eastern
Ghana were also constrained at 4.5-6 kbar and 500-610 °C in the
Kibi-Winneba greenstone belt (Klemd et al., 2002) and 5-6 kbar and
500-650 °C in the Ashanti greenstone belt (Oberthiir et al., 1998; John
et al., 1999; White et al., 2013). In the Kédougou-Kénieba Inlier, peak
regional metamorphic conditions reached 6-7 kbar and 550-650 °C
between c. 2095-2060 Ma (U-Pb on monazite and Sm-Nd on garnet;
Koné, 2020; Fig. 4).

Although retrograde mineral assemblages were identified in several
locations across the Baoulé-Mossi Domain after c. 2060 Ma, the eastern
margin of the Kénéma-Man Domain recorded granulite-facies meta-
morphism from c¢. 2060 Ma down to c. 2030 Ma (U-Pb on monazite and
zircon rims), possibly due to a combination of crustal thickening and
heating by accretion of hot, juvenile Paleoproterozoic crust, and/or
delamination (Chardon et al., 2020; Traoré et al., 2022), and/or meta-
cratonisation processes (Wane et al., 2018). This late-orogenic, high-
grade metamorphic event was best documented in western and south-
western Cote d’Ivoire (Fig. 4) where peak metamorphic conditions
ranged from 4 to 7 kbar at 600-650 °C to 7-9 kbar at 700-800 °C to
13-14 kbar at 850-1000 °C (Kouamélan et al., 1997; Triboulet and
Feybesse, 1998; Pitra et al., 2010; Koffi et al., 2022, 2023).

3.6.5. Metallogenic inventory

This time slice marks an increase in the variety of mineral systems
compared to the early Eburnean period (e.g. orogenic Au, intrusion-
related Au, intrusion-hosted Ni-Cu-Platinum group elements (PGE),
LCT-pegmatite). Across the Baoulé-Mossi Domain, deposits assigned to
this “late Eburnean gold stage”, as defined by Thébaud et al. (2020),
formed predominantly under localised transpressional, wrench, or
transtensional deformation along retrograde P-T-t-d paths (Goldfarb
et al., 2017). The vast majority of orogenic Au occurrences across the
Kédougou-Kénieba Inlier in western Mali and eastern Senegal (e.g.
Massawa, Sabodala, Loulo, Sadiola-Yatela) had formed by c. 2060 Ma
(Delor et al., 2010; Lawrence et al., 2013a,b; Hein et al., 2015; Treloar
et al., 2015; Masurel et al., 2017a; Allibone et al., 2020). On one hand,
the formation of these deposits can be protracted and involve several
stages of gold introduction and refinement during the late Eburneam
period (e.g. early tourmaline alteration stage and later orogenic Au
event resulting into the economic ore at Loulo; Allibone et al., 2020). On
the other hand, a late Eburnean increment of orogenic Au mineralisation
overprinted an early Eburnean gold mineralisation in some other places.
For instance, early Eburnean Au-(Sb-Bi-Te) intrusion-related minerali-
sation at Morila is overprinted by an orogenic Au event dated at 2074 +
4 Ma (U-Pb on hydrothermal titanite, McFarlane et al., 2011). This
pattern echoes with observations made at Bonikro in southcentral Cote
d’Ivoire whereby an undated intrusion-related Au mineralisation stage
is overprinted by a younger orogenic Au event at 2074 + 16 Ma (U-Pb
on hydrothermal molybdenite, Masurel et al., 2019). Such pattern was
also recognised at Damang where an orogenic Au mineralisation locally
overprints paleoplacer Au ores at 2063 £+ 9 Ma (U-Pb on hydrothermal
xenotime, Pigois et al., 2003). Although undated yet, the Tabakoto de-
posit, Kedougou-Kenieba Inlier, also illustrates this pattern, as hydro-
thermal mineralisation overprinted pre-existing intrusion-related Au
mineralisation (Diallo et al., 2024).

Intrusion-hosted Ni-Cu-PGE mineralisation also occurred during this
period, as exemplified by the Samapleu deposit. There, nickel mineral-
isation is constrained between 2091 + 18 and 2080 + 13 Ma and is
genetically associated with the Samapleu-Yacouba layered igneous
complex that intruded Archean granulite-gneisses (Gouedji et al., 2014).

LCT pegmatites and rare metal granites are the last significant class
of deposits assigned to this period. The Kokobin pegmatite field (also
referred to as the Akim Oda Nb-Ta rare metal granite complex) in south-
eastern Ghana yielded ages between 2085 + 1 and 2074 + 8 Ma
(Melcher et al., 2008, 2015), while the Winneba-Mankoadze pegmatite
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field, located 100 km to the west, yielded ages between c. 2080 and
2060 Ma (based on unpublished data; Adams et al., 2023). In Burkina
Faso’s Mangodara district, pegmatites dated at 2094 + 9 Ma and 2055
+ 20 Ma were interpreted to reflect progressive partial melting and
crystallisation during the late Eburnean orogeny (Bonzi et al., 2021,
2023). Additionally, the Issia granitic complex in Cote d’Ivoire, part of
the Férké multistage batholith, features LCT pegmatites dated at 2050 +
3 Ma and interpreted to have formed by low-degree partial melting of
the Issia granite > 30 million years after crystallisation of the latter
(Brou et al., 2022). This timing is coeval with granulite-facies meta-
morphism recorded in western Cote d’Ivoire between 2055 and 2033 Ma
(Kouamélan et al., 1997, 2018).

4. Summary-Synthesis
4.1. Tracking tectonic mode(s) in the sWAC between c. 2350-2060 Ma

Modern Earth’s plate tectonics are defined by a globally inter-
connected, kinematically linked network of rigid lithospheric plates (e.
g. Dewey, 1969; Korenaga, 2018). In contrast, the tectonic modes that
may have operated in pre-Neoproterozoic times remain a subject of
ongoing debate (e.g. stagnant lid, sluggish lid, active lid, Lenardic, 2018
and references therein). A direct implication is that establishing a
coherent tectonic model for a given Precambrian region hinges on our
ability to analyse and integrate multi-disciplinary geoscientific datasets.
In this section, we use the SWAC as a case study and interpret the
space-time-integrated patterns presented above to propose a revised
tectonic model for its late Siderian to Rhyacian tectonic evolution. The
section below is structured around two key time slices, representing the
late Siderian and Rhyacian periods, respectively. These time slices
provide critical insights into the potential tectonic modes that shaped
the sWAC as it transitioned out of the Archean Era.

4.1.1. c. 2350-2265 Ma time slice

A critical aspect of the sSWAC Paleoproterozoic geodynamic puzzle
involves deciphering its cryptic Siderian geological evolution between c.
2500-2300 Ma. The main challenges consist in (i) unravelling the
relative position of Archean blocks with respect to nascent Paleo-
proterozoic crust; (ii) deciphering the nature of the continental litho-
spheric mantle and lower to mid-crust beneath Siderian upper crust
across the Baoulé-Mossi Domain; and (iii) framing a coherent and test-
able tectonic setting for the lowermost part of the stratigraphic record in
the Baoulé-Mossi Domain through multi-data integration.

Large portions of the Archean Kénéma-Man Domain have been
interpreted to represent a passive margin setting between c. 2615-2350
Ma, as supported by the presence of shallow marine siliciclastic sedi-
mentary rocks, mafic igneous rocks, and banded iron formations (e.g.
Simandou and Nimba series) that unconformably overlie > 2800 Ma
higher-grade crystalline basement rocks (Billa et al., 1999; Thiéblemont
etal., 2004). Yet, Feybesse et al. (1998) advocated for the break-up of an
Archean craton with no ocean opening between c. 2515-2435 Ma,
illustrating uncertainties about what happened during this period.
Moreover, the paleogeographic positions of the Archean Kénéma-Man
and Reguibat Domains remain unknown before Neoproterozoic times
(Gong et al., 2021). Consequently, these two Archean blocks are
conventionally treated as independent lithospheric entities, and existing
data are insufficient to decipher whether they once formed part of a
hypothesised Archean supercraton (i.e. Kenorland, Bleeker, 2003),
remained close neighbours, or were far removed from each other by the
dawn of the Paleoproterozoic.

Within the Baoulé-Mossi Domain, basal tholeiitic basalts recently
dated by Hayman et al. (2023) at c. 2350 Ma extend the Paleoproter-
ozoic magmatic history of the sSWAC by c. 80 Myr beyond the accepted
emergence of felsic igneous bodies previously constrained at c. 2265 Ma
(Grenholm et al., 2019a). Despite these recent advances, available data
for this late Siderian period remain largely dominated by geochemical
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data, which alone do not allow for robust discrimination between mid-
ocean ridge basalts (MORBs, Leube et al., 1990), oceanic flood basalts
(OFBs, Lompo, 2009; Hayman et al., 2023), and intra-oceanic island arc
basalts (IOABs, Salah et al., 1996). The non-diagnostic nature of
geochemistry for discriminating between tectonic settings results from a
demonstrated overlap and blurring of compositional differences,
particularly evident for late Archean and Paleoproterozoic igneous rocks
(Li et al., 2015; Barnes et al., 2021; Doucet et al., 2022). Thus, until
additional, high-resolution geochronological data become available for
the lowermost part of the stratigraphic record across the Baoulé-Mossi
Domain, the unifying implication of these hypotheses is the prevalence
of an oceanic realm by c. 2350 Ma. It is also important to note that these
models are not necessarily mutually exclusive. For instance, one plau-
sible scenario involves (i) the opening of an oceanic basin via thinning of
Archean continental lithosphere, progressing to a full breakup and
spreading stage (MORBs); followed by (ii) mantle upwelling impacting
the newly formed oceanic lithosphere (OFBs); and, ultimately, (iii) plate
reorganisation leading to convergence and the development of intra-
oceanic subduction zones (IOABs). In this context, the interpreted
geochemical signatures could reflect temporal evolution rather than
conflicting spatial patterns.

4.1.2. c. 2265-2060 time slice

Rhyacian granitoids dated between c. 2265 and 2095 Ma across the
SWAC are conventionally regarded as vestiges of a magmatic arc(s)
constructed in an intra-oceanic subduction zone setting (Grenholm
et al., 2019a and references therein). However, calc-alkaline, arc-like
compositions (i.e. LILE enrichment and negative Nb-Ti anomalies) in
granitoids can be produced by a range of different processes, including:
(i) subduction and water-fluxed melting (Klemme et al., 2005); (iii)
sagduction (Bédard, 2018, 2024); (iii) dripping (Nebel et al., 2018; Mole
etal., 2021); and/or (iv) derivation of parental magmas from previously
metasomatised continental lithospheric mantle either by subduction
processes or under a stagnant lid regime (Richards, 2009; Yang et al.,
2014). Thus, the use of geochemical arguments alone is not able to
robustly discriminate between different tectonic settings for the
emplacement of pre-Neoproterozoic igneous rocks (Moyen and Laurent,
2018; Chelle-Michou et al., 2022).

In this study, we provide additional, multi-disciplinary lines of evi-
dence that support the operation of subduction processes in the SWAC
between c. 2265-2060 Ma, which are listed hereafter:

(i) the abundance of disparate U-Pb-Hf-O zircon evolutionary paths
(i.e. eHf(H)-time and 8'80-time arrays, Roberts and Spencer,
2015; Spencer et al., 2019) documented in the SWAC (e.g. Parra-
Avila et al., 2017; Thébaud et al., submitted). These patterns align
with those observed in other Paleoproterozoic provinces and are
consistent with tectonic models involving accretion and/or col-
lisions between continental or microcontinental blocks and exotic
terranes (e.g. Rio Apa Terrane in the Amazonian Craton between
c. 2100-1720 Ma, Ribeiro et al., 2020; Minas-Bahia orogenic belt
in the Sao Francisco Craton between c. 2500-2000 Ma, Bruno
et al., 2021; North Tarim Orogen in the North China Craton be-
tween c. 1940-1850 Ma, Ge et al., 2015; Wopmay Orogen in
north-west Laurentia between c. 2000-1890 Ma, Davis et al.,
2015).

the Baoulé-Mossi Domain records a systematic and diachronous
transition from tholeiitic mafic volcanism to voluminous and
spatially extensive calc-alkaline bimodal volcanism between c.
2265-2175 Ma (e.g. Baratoux et al., 2011; Grenholm et al.,
2019a; Hayman et al., 2023; Labou et al., 2020; Ngom et al.,
2010; Pouclet et al., 2006; Masurel et al., 2022).

the orogen-scale bimodal distribution of igneous zircon ages
(Parra-Avila et al., 2017; Grenholm et al., 2019a,b) is consistent
with a model of prolonged seafloor subduction, leading to

(i)

(iii)
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multiple, diachronous collisions with Archean continental blocks
(i.e. accretionary-collisional orogenesis);

(iv) the characterisation of low-temperature eclogite-facies, Paleo-
proterozoic oceanic crust (P > 10 kbar, T < 450 °C) such as the c.
2175-2135 Ma Fada N’Gourma eclogite in Burkina Faso (Ganne
et al., 2012) provides further evidence. This suggests that the
scarcity of Paleoproterozoic blueschist-facies rocks may stem
from methodological challenges in reconstructing P-T-t-d paths
(e.g. Palin et al., 2020) or overprinting by later metamorphic
events (e.g. Brown et al., 2022), rather than a genuine absence.

(v) paleomagnetic indicate significant horizontal displacement since
the initiation of Nuna’s assembly at c. 2200 Ma (e.g. Mitchell
et al., 2014; Meert and Santosh, 2017; Cawood et al., 2018).

A last, less conventional, and commonly overlooked line of evidence
for unravelling potential tectonic modes lies in analysing the space-
—time-integrated metallogenic inventory of a region. Indeed, Huston
etal. (2023) documented that paleo-convergent margins associated with
several major metallogenic provinces exhibit a different metallogenic
inventory at different stages of their respective evolutions. These au-
thors coined the term “convergent margin metallogenic cycle” (CMMC)
to define a unified metallogenic path from VMS and/or calc-alkaline
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porphyry Cu-(Au) — orogenic Au — alkalic porphyry Cu — granite-
related rare metals and/or LCT pegmatites. Importantly, Huston et al.
(2023) proposed the fundamental changes in duration and multiplicity
of CMMC, as recorded in major metallogenic provinces of Archean to
Phanerozoic age, to track secular changes in tectonic processes. Relying
on the space-time-integrated metallogenic inventory of the Paleo-
proterozoic SWAC (Fig. 11; Electronic Supplementary Material 2; see
compilations by Goldfarb et al., 2017; Grenholm et al., 2019a; Markwitz
et al., 2016; Eglinger et al., 2022; Thébaud et al., 2020; Masurel et al.,
2022), it appears that ore deposits developed over a ~155 Myr-long
metallogenic cycle. This cycle was initiated by VMS and porphyry Cu-
(Au) mineralisation along central Céte d’Ivoire and south-western Bur-
kina Faso at c¢. 2190-2140 Ma (Masurel et al., 2022)and references
therein). It ended with the emplacement of garnet-HREE-Ti-Y- and
garnet-columbite (Li-Nb)-bearing pegmatites during the late collisional
stage of the Eburnean orogeny to post-Eburnean period, as illustrated by
the Mangodara district in Burkina Faso (c. 2035 Ma; Bonzi et al., 2021),
and the Malian Bougini LCT-pegmatites (c. 2070-2000 Ma; Sanogo,
2022). Based on Huston et al. (2023), this ~155 Myr long metallogenic
cycle is best regarded as “transitional” between consistently short-lived
(~60-150 Myr), single CMMCs recorded in Late Mesoarchean to Neo-
archean provinces (e.g. Slave, Superior, Yilgarn) and longer (~220-440
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Fig. 11. The Metallogenic Cycle of the Paleoproterozoic sWAC. a. Timing of major types of ore deposits (using the same colour legend as in Figs. 5-10) illustrating
the Baoulé-Mossi Domain Metallogenic Cycle. Only deposit types representative of a Convergent Margin Metallogenic Cycle (Huston et al., 2023) are included (refer
to main text for details). Note that age bars are centred on obtained ages and represent age uncertainties; they do not indicate the duration of deposit emplacement.
Dashed lines mark minimum and maximum age constraints. Deposits labelled in grey are somehow less constrained than the others. Those predominantly late with a
red tag are situated in the western Baoulé-Mossi Domain. Background coloured intervals correspond to previously defined time slices, providing stratigraphic,
tectonic, magmatic, and metamorphic context to the mineralisation. b. Relative abundance of the different types of ore deposits formed between 2200 and 2020 Ma
(same colour legend as in panel a). Geochronological constraints and corresponding references are provided in Electronic Supplementary Material 2.
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Myr), multiple CMMCs of Phanerozoic provinces (e.g. Appalachians,
Tasmanides, Western Cordillera). This time-integrated pattern thus
consolidates the idea that the transition from Archean enigmatic tec-
tonic modes to modern-style plate tectonics was at play during Paleo-
proterozoic times in the SWAC.

This interpretation is in line with previous work by Grenholm
(2019), who proposed that the Eburnean Orogen formed in an equiva-
lent tectonic setting as the Neoproterozoic East African-Antartica Oro-
gen, with insights into secular changes in tectonic modes during the
Proterozoic Eon. However, we emphasise that this transition was likely
diachronous across the Earth and thus pieces of evidence mentioned
above do not imply the existence of a global, interconnected network of
plates by the Rhyacian period or that subduction zones looked exactly
the same as their Phanerozoic counterparts. Indeed, Proterozoic mantle
potential temperatures ~ 80-150 °C hotter than at present likely caused
the hypothesised subduction zone(s) and orogen(s) to be associated with
different geological attributes when compared to their Phanerozoic
counterparts (Spencer et al., 2021). For instance, based on numerical
modelling, several authors proposed that mid-Proterozoic (c. 1850-850
Ma) subduction zones were characterised by (i) extensive and rapid
rollback of the subducting slab; (ii) greater width between back-arc and
subduction trench; and (iii) voluminous decompression melting of
asthenospheric mantle (Sizova et al., 2010, Fisher and Gerya, 2016, and
Perchuk et al., 2019). These observations echo well with time-integrated
global metamorphic data presented in Brown et al. (2020), who pro-
posed that Paleoproterozoic high-pressure granulites and high-
temperature eclogites indicate that subduction processes at that time
operated under a higher geothermal gradient than that observed in
Neoproterozoic to Phanerozoic subduction systems, which are charac-
terised by blueschist-facies metamorphic rocks.

4.2. Knowledge gaps and future research avenues

Finally, we build on the review of available data and current
knowledge on the Paleoproterozoic geological evolution of the sWAC,
this subsection outlines key avenues for future research that could
enhance our understanding of the tectonic evolution of the sWAC and its
geodynamic driver(s).

4.2.1. Stratigraphic record, diachroneity in geological development, and
tectonic significance of greenstone belts

While portions of the volcanosedimentary stratigraphic sequences
are well described and associated with robust ages (Fig. 2), current data
resolution does not allow for detailed craton-scale stratigraphic corre-
lations, largely due to difficulties in dating lithologies such as basalts,
andesites, shales, and conglomerates. In contrast, plutonic rocks clearly
indicate diachronous geological development across the Baoulé-Mossi
Domain through the Rhyacian. Additional, high-quality geochronolog-
ical data on greenstone rock sequences are essential to improve available
constraints on the diachroneity in geological development between the
eastern and western Baoulé-Mossi Domain. Key knowledge gaps include
(i) the age of the oldest stratigraphic unit across the Baoulé-Mossi
Domain; (ii) the degree of geochemical variability and/or stratigraphic
heterogeneity across greenstone belts of the Baoulé-Mossi Domain be-
tween c. 2350 and 2265 Ma; and (iii) the possibility to support the
observed diachroneity in plutonism from ages on Rhyacian volcanic
suites and sedimentary series across the Baoulé-Mossi Domain. Also, it is
unclear whether these greenstone belts resulted from tectonically
enhanced Rayleigh-Taylor instabilities, density-driven processes, or
formed in rift, arc, or back-arc settings (Vidal, et al., 2009; Baratoux
etal., 2011; Gapais et al., 2014; Hayman et al., 2023). There is therefore
still room for further understanding of the tectonic significance of these
Paleoproterozoic greenstone belts.

4.2.2. Lithospheric architecture
The possible presence of Archean subcontinental lithospheric mantle
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and/or lower-mid crust beneath Paleoproterozoic upper crust in the
Baoulé-Mossi Domain remains debated. Outside of the exposed Archean
Kénéma-Man and SASCA Domains, a concealed Archean lithospheric
block of unknown extent was indirectly mapped in south-easternmost
Ghana through U-Pb-Hf isotopes on felsic igneous zircon (Petersson
et al., 2016, 2018; Amponsah et al., 2023). Yet, the vast majority of Nd
(whole-rock) and Hf (zircon) isotopic data collected on igneous rocks
across the Baoulé-Mossi Domain consistently yield suprachondritic, ju-
venile compositions (Thébaud et al., submitted). Furthermore, an
oceanic realm also appears supported by geochemical signatures of c.
2350-2265 Ma igneous rocks (Hayman et al., 2023 and references
therein).

The simplest explanation for the lack of Archean geochemical and
isotopic signatures is the absence of Archean rocks to influence the
chemical composition of igneous rocks and their xenocrystic zircon
populations. Alternatively, some studies suggest these xenocrysts could
derive from a zircon-poor mafic protolith (Parra-Avila et al., 2018;
Petersson et al., 2018). The same authors emphasise the risk for Archean
contribution in Rhyacian magmatism to be under-estimated. In their
view, the term “juvenile” would apply on an isotopic point of view, when
the “isotopic signature is no where near the depleted mantle” (Moyen et al.,
2017), but not in a melt source point of view, when the crustal material
is extracted “from the mantle not long before its incorporation into the belts”
(Couzinié et al., 2020). Future work should focus on the nature and
composition of the subcontinental lithospheric mantle beneath the
Baoulé-Mossi Domain, such as Re-Os dating of mantle xenolith sulphides
or mineralogical analysis of garnet xenocrysts (Griffin et al., 2009).
Understanding the distribution of possible Archean lithosphere beneath
Paleoproterozoic upper crust, not demonstrated yet, would be pivotal to
elucidating its role in the formation and spatial distribution of Siderian
to Rhyacian greenstone belts, and the tectonic processes involved.

4.2.3. Timing of deformation and metamorphism

Our ability to constrain the timing of deformation and metamorphic
events in the sSWAC is limited by the lack of studies integrating struc-
tural, metamorphic, and geochronological data (e.g. Block et al., 2016b;
McFarlane et al., 2019). Comprehensive P-T-t-d paths across the Baoulé-
Mossi Domain would illuminate the spatial and temporal succession of
tectonic processes underlying the formation of the SWAC.

4.2.4. Global context and the place of the WAC during Nuna assembly

Space-time-integrated patterns in stratigraphic development, mag-
matism, deformation, metamorphism, and metallogeny of the Paleo-
proterozoic sSWAC shall be compared to those of its northern counterpart
(nWAC: Reguibat Archean Domain, Yetti and Eglab Paleoproterozoic
terranes, Anti-Atlas Inliers). Such comparative analysis of their respec-
tive geological evolution would provide critical insights towards
building a unified tectonic model for the Paleoproterozoic WAC. Look-
ing beyond the WAC, our best chance to solve this Paleoproterozoic
puzzle lies in improving our understanding of the geological evolution of
the Guiana Shield during the c¢. 2250-2000 Ma Eburnean-
Transamazonian Orogeny (Vanderhaeghe et al., 1998; Delor et al.,
2003; Klein and Rodrigues, 2022). Interestingly, combined geological,
geochronological, geochemical, isotopic, and geophysical evidence
collectively indicate that the Sao Luis Cratonic Fragment and the base-
ment of the Gurupi belt in northern Brazil were connected to the SWAC
during Paleoproterozoic times (Klein and Moura, 2008). Other config-
urations also advocate for the connection between the Eburnean and the
Transamazonian Orogens in the Paleoproterozoic (e.g. Nomade et al.,
2003; Grenholm et al., 2019b; Chardon et al., 2020). In the same line,
similarities in the space-time patterns of the sedimentary, tectonic,
metamorphic, and magmatic events between terrains of the West-
Central Africa and Amazonia lead to consider they used to form a vast
orogenic domain, comprising the West and Central African Orogens, the
Transamazonian Orogen and multiple Archean blocks (e.g. Feybesse
et al., 1998).



J. Perret et al.

From a paleomagnetic perspective, there are no robust data for the
WAC prior to ¢. 860 Ma (Antonio et al., 2021a) and thus, there is no
consensus on the relative positions of the Amazon Craton and the WAC
prior to Neoproterozoic times. This has left room for multiple Paleo-
proterozoic configurations of the Amazon Craton (AC), divided here into
the Guiana Shield (GS) and the Central Brazil Shield (CBS), with respect
to the West African Craton (WAC) to have been proposed, including
(Fig. 12): (i) the AC south-west of WAC, unrotated from current orien-
tation (Ledru et al., 1994); (ii) AC west of the WAC, unrotated (Davis,
2013); (iii) the AC south of the WAC, rotated 30° anti-clockwise
(Chardon et al., 2020; Antonio et al., 2021b); (iv) the AC north-east of
WAC, rotated 180° clockwise (Li et al., 2023); and finally (v) the AC
north-west of WAC, rotated 90° clockwise (Cao et al., 2024). Some of
these models (e.g., Ledru et al., 1994) are already discounted in the
literature as they did not consider the Neoproterozoic relative
displacement between the two cratons (e.g., Chardon et al., 2020). The
Apparent Polar Wander paths proposed by Antonio et al (2021b) indi-
cate that even if these two blocks ended up nearby each other at the end
of the Eburnean, they were not particularly close for much, if not all, of
the major period of crustal formation and reworking prior to 2000 Ma.
This is in spite of the similar age spectra between 2500 and 2000 Ma for
felsic magmatism in both blocs (Parra-Avila et al., 2018; Tedeschi et al.
2020). Furthermore, none of these reconstructions explain the lack of
diachronism in the Guiana Shield, the lack of a younger Orocaima (1980
to 1960 Ma; Fraga et al., 2024) signature for magmatism in the WAC or
Benino-Nigerian Shield (Caxito et al., 2020) nor the complex geometries
of the greenstone belts in the Guiana Shield compared to the mostly
linear belts seen in the WAC. It illustrates that systematic dating and
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Fig. 12. Relative position and orientation of the West African Craton (WAC)
with respect to the Amazonian Craton, which is divided into the Guiana Shield
(GS) and the Central Brazil Shield (CBS), at the end of Nuna assembly as pro-
posed by Ledru et al. (1994), Davis (2013), Antonio et al. (2021b), Li et al.
(2023) and Cao et al. (2024). The Reguibat Shield, sSWAC and Kédougou-
Kénieba Inlier (KKI) extents are represented to make the variations in correla-
tion between terrains of the WAC and sWAC more evident. The paleomagnetic
study by Antonio et al. (2021a), which builds on the proposal by Chardon et al.
(2020), represents the state of the art in terms of this type of data and suggest
that the West African and Amazonian cratons only assembled near the end or
even after the Eburnean Orogeny. The significant variability shown by these
proposed models suggests further work still need to be done to position these
two continental landmasses at c. 2000 Ma.
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robust paleomagnetic studies of mafic dyke swarms slightly younger
than the craton-forming processes are needed to refine these models (e.
g. Baratoux et al., 2019). Promising targets include the c. 1950 Ma
Goboy mafic dyke in the Guiana Shield (Kroonenberg et al., 2022) and
the c. 2040 Ma mafic dykes in the Anti-Atlas Inliers of Morocco, such as
the Ierhourtane dolerite (2040 + 6 Ma, Walsh et al., 2002) and the
Ifzwane dolerite (2040 + 2 Ma, Kouyaté et al., 2013).
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