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ABSTRACT

The basement of the West African Craton (WAC) is composed of Archean blocks juxtaposed
with the extensive Paleoproterozoic Birimian accretionary-collisional orogenic system, which
formed between ca. 2.27-1.96 Ga. The Birmian crust is composed of multiple generations of
volcanic, volcano-sedimentary and siliciclastic series, along with contemporaneous intrusive
suites. It has been subjected to polyphase deformation and metamorphism, which reached
its peak during the regional Eburnean Orogeny between ca. 2.16-1.96 Ga. The basement of
the WAC has been largely stable following the end of the Eburnean Orogeny, and is exposed
primarily in two large shields in its northern and southern sections. The latter has been the
subject of numerous studies, leading to the generation of extensive datasets covering its
lithostratigraphic, magmatic, metamorphic and structural history. Together with its large
exposure and lack of later overprinting, the Birimian Orogen is thus a suitable area for
studying orogenic processes in the Early-Middle Paleoproterozoic. This is important for not
only constraining the nature of geodynamic processes at the Archean-Proterozoic transition,
but also to understand global tectonics and paleogeography at a time during which the
Earth’s surface environment experienced significant perturbations. Although it has been the
subject of much research, there are few studies that deal with the evolution of the Birimian
Orogen on the scale of the orogenic system, and those that are available do not incorporate
the wealth of data that has been generated over the past couple of decades.
The aim of this thesis has been to develop a coherent and internally consistent geodynamic
model for the Birimian Orogen in the southern WAC, with a perspective extending from local
to regional and global scales. This includes the generation of new LA-ICPMS U-Pb data from
detrital zircon obtained from a range of shallow to deep water siliciclastic and volcanosedimentary series in southeastern WAC. The data provides constraints on the timing of
deposition and provenance of these series, which were deposited at a key interval during
the early stages of the Eburnean Orogeny. This is combined with orogen-scale syntheses of
lithostratigraphic, metamorphic, magmatic and structural datasets, which are integrated
into an internally consistent and continuously evolving geodynamic model from the Birimian
Orogen. The model envisions that the crust originated as an elongate archipelago composed
of multiple volcanic arcs. This landmass was subjected to largely continuous northwestdirected indentation during regional convergence, giving rise to the generally westward
migration of orogenic activity that characterizes the Birimian Orogen. It is further proposed
that the overall paleogeographic setting was comparable to that which characterizes the
Philippine Archipelago in present-day Southeast Asia. This is expanded upon by placing the
evolution of the Birimian Orogen in the WAC within a global paleogeographic context, with a
proposal for how its formation coincided with the ca. 2.10-2.00 Ga assembly of the Atlantica
continent. This also played a key role in regulating the carbon cycle during the
Paleoproterozoic through the cyclic deposition and weathering of organic matter-rich
successions, with implications for the oxygenation of the atmosphere and the evolution of
Earth’s surface environment.
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Chapter 1

Chapter 1. Introduction
1.1. Context and aim of thesis
The basement of the West African Craton is composed of two Archean cratonic blocks that are sutured with a
Paleoproterozoic orogenic belt that formed between ca. 2.27-1.96 Ga, and whose areal extent exceeds 3x106 km2
(Black, 1980; Milési et al., 1989; Boher et al., 1992; Feybesse and Milési, 1994; Feybesse et al., 2006; Baratoux et al.,
2011; Jessell et al., 2016; Parra-Avila et al., 2017). The orogenic belt formed during an accretionary-collisional cycle
that included the deposition of volcanic, volcano-sedimentary and siliciclastic successions of the Birimian
Supergroup, and emplacement of contemporaneous intrusive suites. The early accretionary phase was characterized
by crustal growth through a significant input from juvenile sources, although there were also an input from older
crustal sources (Abouchami et al., 1990; Boher et al., 1992; Feybesse et al., 2006; Baratoux et al., 2011; Parra-Avila et
al., 2016; Petersson et al., 2016, 2018). This was followed by the regional collisional phase referred to broadly as the
Eburnean orogeny, which was associated with widespread tectonothermal activity, as well as ongoing magmatic
activity and sedimentation (Feybesse and Milési, 1994; Peucat et al., 2005; Feybesse et al., 2006; Pouclet et al., 2006;
Perrouty et al., 2012; Block et al., 2016; Lebrun et al., 2016; Masurel et al., 2017). In the literature, the orogenic belt
has been referred to as both the Birimian (e.g. Boher et al., 1992; Doumbia et al., 1998) and Eburnean (Baratoux et
al., 2011) Orogen or terranes, based on the names of the supergroup or the collisional orogeny, respectively. In order
to avoid confusion, the term Birimian Orogen will be used here to refer to the geographic extent of the belt, leaving
the Eburnean orogeny to refer to the regional collisional phase that affected the Birimian crust.
The period during which the Birimian Orogen in the West African Craton formed represent an important
interval in Earth’s history, which followed apparent shifts in geodynamic processes during the transition from the
Archean to Paleoproterozoic Eon (Brown, 2006; Shirey and Richardson, 2011; Keller and Schoene, 2012; Næraa et al.,
2012; Gerya, 2014; Condie, 2018) and coincided with significant perturbations in Earth’s surface environment that
included the long-term oxygenation of the atmosphere (Holland, 2006; Papineau, 2010; Bekker and Holland, 2012;
Hoffman, 2013; Melezhik et al., 2013). However, the role of the Birimian Orogen relative to these secular changes
remains poorly constrained. From a geodynamic perspective, it is generally inferred that the Birimian crust
originated in volcanic arc systems, consistent with the commonly held view that plate tectonics was operating in the
Early Proterozoic (Mortimer, 1992; Sylvester and Attoh, 1992; Feybesse and Milési, 1994; Peucat et al., 2005; Attoh
et al., 2006; Pouclet et al., 2006; Baratoux et al., 2011; de Kock et al., 2012; Dabo et al., 2017). However, the
apparent lack of indicators such as complete ophiolitic sections or boninites that are intimately associated with
“modern-style” plate tectonics (cf. Stern et al., 2013) have led some authors to propose that some form of
transitional plate tectonic processes were operating during the formation of the Birimian Orogen (e.g. Block et al.,
2016). There are also those that argue for a dominant or exclusive role of non-uniformitarian processes, including
crust formation through eruption of oceanic plateaus (Abouchami et al., 1990; Lompo, 2009) and gravity-driven
“vertical” tectonics (Vidal et al., 2009). Such models imply that – at least on a regional scale – plate tectonic
processes were not the driving force of orogenic activity in the Early-Middle Paleoproterozoic.
Uncertainty also surround the paleogeographic context of the Birimian Orogen, which ultimately forms the
overarching framework for its geodynamic evolution. Globally, there is a lack of robust paleomagnetic data from the
1
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Paleoproterozoic,

which

prohibits

quantitatively

constrained

paleogeographic

reconstructions

for

the

Paleoproterozoic (Evans, 2013; Buchan, 2014). On the basis of geological correlations and the limited paleomagnetic
data that is available, it has been variably proposed that the Early Paleoproterozoic was characterized by the
presence of several separate “supercratons” such as Sclavia, Superia, Vaalbara and Zimgarn (cf. Evans, 2013), as well
as a single large supercontinent referred to as Kenorland (Williams et al., 1991; Barley et al., 2005). While the
Birimian Orogen is not explicitly included in either of these configurations, it has been proposed that it formed part
of a continent that assembled in the Mid-Paleoproterozoic (Ledru et al., 1994), and which has been referred to as
Atlantica (Rogers, 1996). This continent is proposed to have incorporated several other orogens in cratonic blocks in
Africa and South America, which record a geological history comparable to the Birimian Orogen (e.g. Feybesse and
Milési, 1994; Ledru et al., 1994; Neves, 2011). These correlations have largely been qualitative, although some
paleogeographic reconstructions have also been proposed based on limited non-key paleopoles (Onstott et al., 1984;
Nomade et al., 2003; Rapalini et al., 2015). The Birimian Orogen in the West African Craton has also been included in
the SAMBA configuration (Johansson, 2009; Bispo-Santos et al., 2014; D’Agrella-Filho et al., 2016), where it is placed
adjacent to comparable orogenic belts in the Amazon and East European Cratons from during the Middle to Late
Paleoproterozoic. This particular configuration has also been incorporated into reconstructions of the Late
Paleoproterozoic to Early Mesoproterozoic supercontinent referred to as Nuna or Columbia (Zhang et al., 2012;
Evans, 2013), although it is not universally recognized (e.g. Pisarevsky et al., 2014). Despite the uncertainties that
remain regarding its paleogeographic context, the Birimian Orogen nevertheless has the potential to yield important
insights into the global evolution that characterized the Paleoproterozoic, given that it constitute an areally extensive
accretionary-collisional system.
The geodynamic processes and paleogeography related to the formation of the Birimian Orogen in the
Paleoproterozoic also holds relevance for understanding the significant changes that the Earth’s surface
environment experienced between ca 2.4-2.0 Ga, including oxygenation of the atmosphere (Holland, 2006),
biological innovations, perturbations to the global carbon, iron and phosphor cycles (Karhu and Holland, 1996;
Papineau, 2010; Bekker and Holland, 2012; Melezhik et al., 2013), as well as significant glacial events (Hoffman,
2013). These have been linked to global tectonic processes (e.g. Des Marais, 1994; Barley et al., 2005; Papineau,
2010; Bekker and Holland, 2012), through coupling with sedimentation, weathering, and magmatic-hydrothermal
activity. The size and timing of the Birimian Orogen thus makes it a prime site to constrain the role of tectonic
processes in the evolution of the atmosphere, hydrosphere and biosphere.
Within the Birimian Orogen of WAC, the majority of work to date has been conducted on the basement
exposed in the southern Man-Leo Shield, which has resulted in the generation of a wide range of datasets that cover
its lithostratigraphy, geochronology, geochemistry, structure, and metamorphism. However, despite the relative
abundance of data, there is no up-to-date geodynamic model that synthesizes the available datasets on a regional
scale, and explicitly addresses trends and events within an internally consistent framework. Instead, available
regional models that cover sWAC and the broader WAC date back to the early 90s (cf. Feybesse and Milési, 1994), as
later studies have tended to focus on geographically restricted study areas (e.g. Baratoux et al., 2011; Perrouty et al.,
2012; Block et al., 2016; Lebrun et al., 2016; Eglinger et al., 2017). The aim of this thesis is therefore to develop an
updated and internally consistent geodynamic model for the Birmian Orogen in the southern West African Craton
that incorporates lithological, geochronological, geochemical, structural, and metamorphic datasets, while looking at
2
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its evolution across scales that range from local to global. This provides an opportunity to constrain the nature of
geodynamic processes in the Paleoproterozoic, and to relate the evolution of the Birimian Orogen to its
paleogeographic context and the contemporaneous and globally significant perturbations in Earth’s surface
environment that characterized the Early-Middle Paleoproterozoic. At the end of the day, the model proposed in this
work is of course not final, but represent one approximation of the actual evolution of the Birimian Orogen that is
based on the interpretation and analysis of available data. Aspects of the model may certainly be seen as
controversial by some, but it is nevertheless hoped that it will provide a reference and framework that can stimulate
future studies on the regional to global evolution and context of the Birimian Orogen. It will also help to put an
increased focus on this orogenic system, which has not been taken into enough consideration with regards to its role
in the evolution of the Paleoproterozoic Earth.

1.2. Methodology
In terms of methodology, the PhD project has revolved around two core components. One component included field
work and analysis of collected samples, the latter involving training on sample preparation, analytical instruments,
and data processing. Details regarding analytical methods employed during this project are further outlined in
chapter 2 and appendix E. A second component of this project has been the ongoing compilation and analysis of
lithological, geochronological, geochemical, structural and metamorphic datasets on the Birmian Orogen. These have
formed the basis for the development of the geodynamic and paleogeographic models presented in chapters 3-5.

1.3. Thesis structure
The remainder of this thesis is divided into 5 chapters, each with a focus on different aspects concerning the
evolution of the Birimian Orogen in the southern West African Craton. However, they are also intertwined, as the
data and conclusions of each chapter is incorporated into the others. The subject of each chapter is briefly outlined
in the following paragraphs.


Chapter 2 presents new LA-ICPMS (Laser Ablation-Inductively Coupled Plasma Mass Spectrometry) detrital
zircon data obtained from volcano-sedimentary series in the Birimian Orogen in the southeastern West
African Craton. The new ages provide additional constraints on the timing of deposition, and are compared
with existing published data to constrain spatiotemporal variations in sedimentation across the Birimian
Orogen.



Chapter 3 presents a regional geodynamic model for the Birimian Orogen. This includes the compilation of
published and new lithological, geochemical, geochronological, structural and metamorphic datasets, which
are integrated into an internally consistent model that reconstructs the spatiotemporal evolution of the
Birimian Orogen.



Chapter 4 expands upon the geodynamic model outlined in chapter 3, by placing it within a global
paleogeographic context. This includes the development of a paleogeographic model for the Paleo-and
Mesoproterozoic, which outlines the assembly of the Birimian Orogen within the context of the Middle
Paleoproterozoic Atlantica continent.
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Chapter 5 looks at the role that the Birimian Orogen played in regulating the carbon cycle during the
Paleoproterozoic, and how the particular paleogeographic setting at the time may have allowed for important
withdrawal of organic matter from the surface environment through burial in sedimentary successions. This
has implications for understanding the oxygenation of the atmosphere, and the perturbations that affected
Earth’s surface environment during the Early-Middle Paleoproterozoic.



Chapter 6 discusses the general conclusions drawn from the previous chapters and outline their implications,
as well as the scope for future work.

The supplementary data for each chapter is included as a series of appendices. In addition, one appendix include
new SHRIMP (Sensitive High-Resolution Ion Microprobe) U-Pb geochronological data and geochemistry on magmatic
rocks from the Birimian Orogen in the southeastern West African Craton. The samples on the magmatic rocks were
collected during fieldwork in Ghana and Côte d’Ivoire and analyzed during the course of the PhD project, but have
not been included in any of the main chapters.
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Chapter 2. Paleoproterozoic volcano-sedimentary series in
the ca. 2.27-1.96 Ga Birimian Orogen of the southeastern West
African Craton
Abstract
The ca. 2270-1960 Ga accretionary-collisional Birmian Orogen in the southern West African Craton (sWAC) contain a
number of volcano-sedimentary series, which were deposited in basins that developed during the regional Eburnean
collisional orogeny (ca. 2160-1960 Ma). Understanding their spatiotemporal distribution is thus crucial for
constraining the tectonic evolution of the orogenic system. This study presents new LA-ICPMS data on detrital zircon
from volcano-sedimentary series in southeastern sWAC, which indicate maximum depositional ages between ca.
2160-2130 Ma. The detrital population is predominantly composed of grains with ages compatible with derivation
from local Birmian crust, but older Paleoproterozoic and Archean components are also present. These may have
been derived from crustal domains now present in South American cratons and terranes, and which would have
been located to the present east or southeast of sWAC. The deposition of the volcano-sedimentary series also
coincided with the onset of the Eburnean orogeny in eastern sWAC, which suggest a dynamic coupling between
compression on one hand and extension on the other, where the latter controlled the establishment of the
depocentres in which the series were deposited. The data in this study support previous observations that
sedimentation across sWAC was diachronous during the course of the Eburnean orogeny, and that an early pulse
occurred primarily in the east between ca. 2165-2130 Ma while a later pulse occurred in the west around ca. 21152080 Ma, followed by limited volcanism and sedimentation at ca. 2065 Ma. This diachroneity is also reflected in the
lithostratigraphy, with shallow water deposits being more frequent in the east, whereas carbonates are only present
in the younger successions to the west. This may reflect a hinterland-foreland style relationship between eastern and
western sWAC, respectively, where sedimentation occurred progressively during convergence related to the
Eburnean orogeny.
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2.1. Introduction
The deposition of sedimentary successions can occur in a wide range of environments within evolving accretionary
and collisional orogenic systems, ranging from marginal basins in volcanic arcs, to foreland, hinterland and retroland
basins within collisional orogens (e.g. Busby and Perez, 2012). The types of successions that develop within these
systems can exhibit a significant variability with regards to their geometry, stratigraphy, sediment provenance, and
structural history. Ultimately, these variations reflect the specific conditions that prevailed within the orogen as the
depocentres were opened, filled with sediment, and subsequently closed. By their very nature, they therefore
provide important insights into the tectonic evolution of the orogenic systems in which they were deposited, and the
development of sedimentary successions have consequently been used to unravel the history of both modern and
ancient orogenic systems (e.g. Eriksson et al., 1994; Hall and Morley, 2004; Johnson et al., 2013). In addition, they
also have the potential to provide an important record of both the local and global conditions that prevailed within
the surface environment at the time of deposition, which can provide insights into the secular evolution of the Earth
(e.g. Johnson et al., 2013).
The Paleoproterozoic Birimian Orogen of the southern West African Craton (sWAC) is an orogenic system that
formed between ca. 2.27-1.98 Ga and whose evolution can be divided into an early accretionary phase that
transitioned to a regional collisional phase around 2.16-2.15 Ga, which is referred to as the Eburnean Orogeny
(Feybesse et al., 2006a; Baratoux et al., 2011; Perrouty et al., 2012; Block et al., 2016a). Volcanic, volcanoclastic and
siliciclastic successions were deposited throughout the evolution of this orogenic system and together form an
important record of its tectonic evolution. A crucial aspect for understanding the role of the Birimian volcanosedimentary successions during the tectonic evolution of the orogenic belt is to constrain their timing of deposition.
This can allow them to be related to magmatic and tectonometamorphic events, and also provide a means to
correlate spatially distinct units.
This study presents new LA-ICPMS U-Pb detrital zircon data on sedimentary samples from the Birimian
Orogen in the southeastern sWAC, which is characterized by multiple sedimentary units deposited during the
Eburnean Orogeny within a range of depositional environments. The results presented in this study provide new
data on units that have not been previously dated, as well as additional constraints on units where only limited
detrital TIMS or Pb-evaporation zircon ages have been available. Coupled with existing data on sedimentation,
magmatism, deformation and metamorphism, the new datasets are used to address key features related to the
evolution of the Birimian Orogen, including the timing and setting of deposition within the southeastern Birimian
Orogen of sWAC, the input of older Paleoproterozoic and Archean sources (Gasquet et al., 2003; Parra-Avila et al,
2016a, 2017; Petersson et al., 2016, 2018a), and variations in the timing and style of sedimentation across the
Birimian Orogen of sWAC (Hirdes et al., 1996; Hirdes and Davis, 2002).

2.2. Geological setting
2.2.1. The Birimian Orogen of the southern West African Craton
The ca. 2.27-1.98 Ga Birimian Orogen of the West African Craton (WAC) is primarily exposed in shields and inliers
located in the northern and southern sections of the craton, while the central portion is covered by Mesoproterozoic
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Fig. 1. Geological map of the Man-Leo Shield in the southern West African Craton (sWAC), including Birimian crust in the Paleoproterozoic Baoulé
Mossi domain Kedougou-Kéniéba Inliers (KKI), São Luís Craton (SLC), and Archean crust in the Kénéma-Man domain. Location of SLC after Klein and
Moura (2008). Inset show location of the Man-Leo Shield in the West African Craton (WAC). Modified after Milési et al. (2004). As – Ashanti series;
Ta – Tarkwaian series; Ku – Kumasi series; Se – Sefwi series; CS – Comoé-Sunyani series; Ma – Maluwe series; Na – Nangodi series; BB – BoléBulenga domain; La – Lawra series; Bo – Boromo series; KT – Kedougou-Tumu domain; Go – Goren series; OG – Oudalan-Gouroul domain; OF –
Ouango-Fitini Shear zone; HC – Haute Comoé series; HB – Hana Lobo–Bandama–Banfora series; It – Ity-Toulepleu inlier; BB – Boundiali–Bagoé; Bo
– Bogouni; Si – Siguiri series; Ko – Kofi series; DD – Dialé-Daléma series; Ma – Mako series.

to Paleozoic sedimentary cover sequences (fig. 1, e.g. Black, 1980). In the southern West African Craton (sWAC), the
main exposure of the Birimian Orogen is in the Man-Leo Shield, while additional exposures are present in the westcentral Kedougou-Kéniéba Inliers (KKI). In addition, the São Luís Craton in northern Brazil was originally part of the
southern margin of the WAC, but was separated during the Mesozoic opening of the Atlantic (Klein and Moura,
2008). The Birimian crust exposed in sWAC is composed of volcanic, volcaniclastic and siliciclastic successions of the
Birimian Supergroup (e.g. Leube et al., 1990) and multiple generations of intrusives, which occur both as discrete
bodies and within extensive granitoid-gneiss domains (e.g. Milési et al., 1989; Egal et al., 2002; Gasquet et al., 2003;
Baratoux et al., 2011; Perrouty et al., 2012; Block et al., 2016a). The section of the Man-Leo Shield that is comprised
of Birimian crust is commonly referred to as the Baoulé Mossi domain, and includes a significant portion of rocks
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with isotopically juvenile composition, with crustal residence times typically clustering between 100-400 Myr
(Abouchami et al., 1990; Boher et al., 1992; Kristinsdottir, 2013; Parra-Avila et al., 2016a; Petersson et al., 2016).
However, the presence of an Archean crustal component within the Birimian crust has also been recognized, both as
xenocrystic zircon in magmatic and detrital grains (Milési et al., 1989; Gasquet et al., 2003; Lebrun et al., 2016; ParraAvila et al. 2016a), as well as in the isotopically evolved composition of magmatic rocks and zircon (Leube et al.,
1990; Boher et al., 1992; Petersson et al., 2016, 2018a). In the western Man-Leo Shield, the Birimian crust is
juxtaposed with the Archean Man Craton, which records a prolonged history of crustal growth and reworking
between ca. 3.5-2.6 Ga (fig. 1, Rollinson, 2016).
The evolution of the Birimian Orogen in sWAC can be broadly divided into an early accretionary phase that
transitioned into a regional collisional phase, which is typically constrained to have begun at around 2.16-2.15 Ga
(Feybesse et al., 2006a; Pouclet et al., 2006; Baratoux et al., 2011; de Kock et al. 2011; Block et al., 2016b). The latter
is known as the Eburnean orogeny, whereas the former has been referred to as the Pre-Eburnean or Eoeburnean (cf.
e.g. Feybesse et al., 2006; de Kock et al., 2011; Perrouty et al., 2012). The accretionary phase was associated with the
formation of early supracrustal sequences, ranging from mafic to felsic volcanic flows, as well as volcaniclastic and
siliciclastic successions. These are typically interpreted to have been deposited within active volcanic arc systems in
environments ranging from close proximity to eruptive vents to more distal marginal basins (e.g. Mortimer, 1992;
Sylvester and Attoh, 1992; Baratoux et al., 2011; de Kock et al., 2011). This was accompanied by emplacement of
early intrusive suites. Deposition of supracrustal sequences continued during the Eburnean Orogeny, which
coincided with the development of multiple depocentres that were filled with volcano-sedimentary successions, and
locally also associated with extensive volcanic activity (e.g. Alric et al., 1987; Lahondére et al., 2002; Adadey et al.,
2009; de Kock et al., 2011; Lebrun et al., 2016). On a regional scale, the development of these units was
contemporaneous with widespread emplacement of intrusives, volcanic activity, deformation, and metamorphism
(e.g. Hirdes and Davis, 2002; Feybesse et al., 2006a; Baratoux et al., 2011; Perrouty et al., 2012; Block et al., 2016a).
The volcano-sedimentary units are also affected by deformation related to the Eburnean Orogeny, and are in many
cases also cut by later Birimian intrusives. It has been recognized in several studies that the Eburnean orogeny was
diachronous across the Baoulé Mossi domain, with magmatism and deformation beginning earlier in the east at ca.
2160-2130 Ma, and subsequently migrating towards the southwest and west where it peaked between ca. 21202070 Ma (Feybesse and Milési, 1994; Hirdes et al., 1996; Hirdes and Davis, 2002; Parra-Avila et al., 2017).

2.2.2. The Birimian Supergroup
The current broad stratigraphic framework for the Birimian Supergroup is relatively well established and supported
by lithological, structural, and geochronological data (e.g. Feybesse et al., 2006a; Pouclet et al., 2006; Baratoux et al.,
2011; Perrouty et al., 2012). This places the dominantly volcanogenic units that formed during the accretionary
phase in a lower position, while the volcano-sedimentary successions deposited during the collisional Eburnean
orogeny assume an upper position. These units are typically referred to as volcanic “belts” and volcano-sedimentary
“basins”, respectively. However, several authors have also emphasized a lateral continuity between the successions
comprising the “belts” and “basins”, suggesting that they to some extent were formed contemporaneously and
represent deposits with variable proximity to eruptive centers (e.g. Leube et al., 1990; Hirdes et al., 1993; Hirdes and
Davis, 2002). This is also supported by geochronological data, where ages from volcanic units within the “belts” in
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Fig. 2. The spatial distribution of Eburnean volcano-sedimentary series as discussed in section 2.2, and described in table 1 and appendix A. Map
modified after Milési et al. (2004). Geochronological data show published U-Pb and Pb-Pb ages from supracrustal sequences, including
predominantly older volcanic series. However, note how some of these units also contain volcanics that are contemporaneous with sedimentation
and volcanism in the volcanic-sedimentary series. References: 1 – Liégeois, in Klockner (1991); 2 – Delor et al. (2010); 3 – Hein et al. (2015); 4 – Dia
et al. (1988), in Gueye et al. (2007); 5 – Gueye et al. (2007); 6 – Abouchami et al. (1990), in Gueye et al. (2007); 7 – Milési et al. (1989); 8 – Hirdes
and Davis (2002); 9 – Lebrun et al. (2016); 10 – Feybesse et al. (1999), in Lahondère et al. (2002); 11 – Bering et al. (1998), in De Waele et al.
(2015); 12 – Lahondère et al. (2002); 13 – Guerrot, in Feybesse et al. (2006b-c); 14 – Armstrong, in McFarlane et al. (2011); 15 – Liégeois et al.
(1991); 16 – Bossiére et al. (1996); 17 – Castaing et al. (2003); 18 – Davis, in Schwartz and Melcher (2003); 19 – Agyei Duodu et al. (2009); 20 –
Tshibubudze et al. (2013); 21 – Soumaila et al. (2008); 22 – Abdou et al. (1998), in Soumaila et al. (2008); 23 – Kaboré et al. (2004), in Ilboudou et
al. (2017); 24 – Block et al. (2016a); 25 – Hirdes et al. (1996); 26 – Lüdtke et al. (1998); 27 – Doumbia et al. (1998); 28 – Davis, in Lüdtke et al.
(1999); 29 – Leake (1992); 30 – Lüdtke et al. (1999); 31 – Klein and Moura (2001); 32 – Klein et al. (2015); 33 – Klein et al. (2009).

many instances overlap with those recorded within the “basins”, as well as the maximum depositional ages defined
by detrital zircon (figs. 2 and 3).
The relative stratigraphic relationship between the “belts” and “basins” was initially a source of controversy,
with different stratigraphic schemes proposed by various authors, which in turn led to contrasting interpretations of
the geodynamic evolution of Birimian Orogen (e.g. Milési et al., 1989; Leube et al., 1990; Ledru et al., 1991; Feybesse
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Fig. 3. Eburnean volcano-sedimentary series of the east-central and southeastern sections of the Baoulé Mossi domain, with new and published
geochronological data on volcanic and sedimentary rocks. Dashed thick black line show the approximate location of the Asankrangwa “belt”
recognized by Leube et al. (1990) and Chudasama et al. (2016). Map modified after Agyei Duodo et al. (2009), Milési et al. (2004), Adou et al.
(1995), Siméon et al. (1995). References: 1 – This study; 2 – Pigois et al. (2003); 3 – White et al. (2014); 4 – Davis et al. (1994); 5 – Loh and Hirdes
(1999); 6 – Oberthür et al. (1998); 7 – Hirdes and Davis (1998); 8 – Adadey et al. (2009); 9 – Hirdes et al. (2007), in Agyei Duodu et al. (2009); 10 –
Hirdes et al. (2007); 11 – Adou et al. (1995); 12 – Siméon et al. (1995); 13 – Block et al. (2016a); 14 – de Kock et al. (2011); 15 – Agyei Duodu et al.
(2009).

and Milési, 1994; Vidal and Alric, 1994). To a large degree, this confusion stemmed from a lack of geochronological
data, compounded by a dearth of clear transitions between the “belts” and the “basins”, whose contacts are
typically tectonic. However, it has also been exacerbated by the fact that there are similar lithologies in both groups,
with volcano-sedimentary sequences among the older volcanic “belts”, and volcanic-dominated units within the
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volcano-sedimentary “basins”. The latter contributed to interpretations such as that the volcanic “belts” were in fact
younger than the “basins”, and represented variably developed rift zones (e.g. Leube et al., 1990; Ledru et al., 1991).
While such interpretations may be valid for specific units, they become problematic when extrapolated onto the
entire Birimian Supergroup. Indeed, the units that comprise the “belts” and “basins” within the Birimian Supergroup
exhibit a significant internal variability, and care should be taken when generalizing the regional stratigraphy.
Ultimately, a full understanding of the evolution of the Birimian Orogen will require each unit to be considered on its
own merits, rather than as parts of a generalized package. Although deposition of volcaniclastic and siliciclastic
sequences thus occurred throughout the evolution of the Birimian Supergroup, the most extensive and wellpreserved occur in the volcano-sedimentary “basins” that developed during the course of the Eburnean Orogeny,
and which are also the primary subject of this study. The following section will therefore be devoted to looking at
these units in more detail and provide the necessary background for the subsequent discussion.

2.2.2.1. Eburnean volcano-sedimentary series
While the volcano-sedimentary units that formed during the Eburnean Orogeny are often labelled as “basins” (e.g.
Kumasi basin, Tarkwaian basin, Siguiri basin etc.), it is not always clear whether the successions that they are
comprised of were deposited in the same active depocentre or whether they represent a composite package
deposited in several discrete subbasins. For this reason, the successions within each of the volcano-sedimentary
units will be referred to here with the more generic term “series”, corresponding to a supracrustal succession
exposed within a geographically defined area. This term has previously also been applied to volcano-sedimentary
units in the Kedougou-Kéniéba Inlier (e.g. Hirdes and Davis, 2002). In past work, the Eburnean volcano-sedimentary
series have typically been subdivided into two broad groups depending on their dominant lithologies and inferred
depositional environment. One group is dominated by greywacke, argillite, shales and volcaniclastics, and have been
described as corresponding to flysch-type deposits (e.g. Milési et al., 1989; Feybesse et al., 2006). The other group is
dominated by conglomerate, sandstone, and siltstone successions, and has been described as molasse-type deposits.
They have also been referred to as Birimian- and Tarkwaian-type “basins”, respectively, and treated as distinct
groups within the broader Birimian Supergroup (e.g. Leube et al., 1990). Although early interpretations suggested
that the Tarkwaian-type “basins” postdated the Eburnean Orogeny (Leube et al., 1990), but subsequent studies have
shown that both the Birimian and Tarkwaian “basins” where subjected to deformation related to this event (e.g.
Eisenlohr and Hirdes, 1992). As for the Birimian Supergroup, the subdivision of the Eburnean volcano-sedimentary
series into two broad groups masks that there is a significant variability among them. For example, the Tarkwaiantype “basins” are named after the Tarkwaian series in southern Ghana, which have acted as the type locality for this
group (e.g. Leube et al., 1990). However, other Tarkwaian-type “basins” have been shown to have constrasting
lithostratigraphy and composition (e.g. Bossière et al., 1996; Zitzmann, 1997), and the use of this simplified
classification has therefore been questioned (Turner et al., 1993).
While oversimplification and generalization is thus clearly an issue, the subdivision between Birimian and
Tarkwaian or flysch- and molasse-type units also has its merits, as it emphasizes different styles of sedimentation
during the Eburnean Orogeny. This type of broad classification will therefore also be used in this study, while
recognizing that each volcano-sedimentary unit must ultimately be considered as a separate entity with a distinct
evolution. In the following discussion, three classes of Eburnean volcano-sedimentary series are recognized, termed
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deep water, shallow water, and volcanic series. The deep and shallow water series effectively correspond to the
Birimian/flysch and Tarkwaian/molasse groups as used in the literature. However, the terms deep and shallow water
are preferred here, since they refer only to an interpreted depositional environment without linking it to a specific
type locality or tectonic setting. The volcanic series encompass minor units dominated by mafic to felsic volcanic
flows or volcaniclastics that formed late during the Eburnean Orogeny, such as Falémé (Hirdes and Davis, 2002) or
Keniero and Niandan (Tegyey et al., 1989; Lahondère et al., 2002). This term will also be used for supracrustal
successions within volcanic “belts”, which include a significant component of older pre-Eburnean successions. This
threefold subdivision is meant to represent the dominant style of sedimentation within each series, and thus fails to
incorporate their sometimes significant internal variations. The three types of volcano-sedimentary series should be
seen as end-members of a continuous spectrum, where a given unit is grouped according to its dominant style of
deposition.
The distribution of the major Eburnean volcano-sedimentary series are shown in figures 2 and 3, where they
are subdivided into deep water, shallow water, and volcanic series. A summary of the key characteristics of the
series is presented in table 1, and a more lengthy description is provided in appendix A. Deep water series represent
the largest types and occur both in the southeastern, central and northwestern sections of the Baoulé Mossi domain.
The units belonging to these series exhibit a variable geometry, but are generally parallel and spatially associated
with important shear zones and faults (fig. 2 and 3). The basement of the series is typically not exposed, but is
generally inferred to correspond to crust equivalent to that found in adjacent older volcanic series and granitoidgneiss domains (e.g. Feybesse et al., 2006a; Baratoux et al., 2011). The deep water series are predominantly
composed of a mixture of volcaniclastic and siliciclastic sediment, ranging from shale, argillite, greywacke, siltstone
and sandstone, with occasionally subordinate units of conglomerate, such as in the Bandama (Pouclet et al., 2006) or
the Boundiali-Bagoé series (Turner et al., 1993; Turner, 1995). The volcanogenic component varies significantly, with
some series such as Kumasi (Hirdes et al., 1993; Adadey et al., 2009) and Maluwe (de Kock et al., 2011) containing a
significant contribution, whereas it is rare in others, such as Comoé-Sunyani (Alric, 1987; Hirdes et al., 1993). Organic
matter-rich sediment occur frequently in several series across the Baoulé Mossi domain, such as Kumasi (Adadey et
al., 2009), Maluwe (de Kock et al., 2011) and Siguiri (Lebrun et al., 2016). Carbonates such as limestone, dolomitic
marl and marble are only reported from series in the west, including Dialé-Daléma (Ledru et al., 1991), Kofi (LambertSmith et al., 2016) and Siguiri (Lebrun et al., 2016). It has been proposed that the carbonates in this region could
represent a regional marker horizon (Milési et al., 1989), suggesting that the deep water series in northwestern
Baoulé Mossi that are now separated by tectonic contacts were to some extent initially deposited in a common
depocentre. The variable lithostratigraphy of the deep water series is also evident in the published stratigraphic
sections shown in figures 4, which indicate that there are no simple trends (e.g. fining or coarsening upwards)
between the series.
Shallow water series typically occur as minor units along the contacts between deep water series and
adjacent older volcanic series and granitoid-gneiss domains (e.g. Bossière et al., 1996), or as units deposited on top
of older volcanic series, such as the Tarkwaian series on the Ashanti series (cf. Pigois et al., 2003; Perrouty et al.,
2012, see also figures 2 and 3). They also appear to be more common in the east-southeastern sections of Baoulé
Mossi as opposed to the northwest. The units are typically composed of siltstone, sandstone, and polymict
conglomerate where clasts indicate derivation from adjacent older volcanic series and granitoid-gneiss domains, and
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Series

Lithologies

Depositional setting

Max.-/syn.depositional age

Min. depositional age

Kibi

Greywacke, sandstone,
conglomerate (Agyei
Duodo et al., 2009)

Shallow water

<2163±9 Ma (L-detrital
zircon, this study)

Ca. 2120-2080 Ma, regional
deformation/
metamorphism (e.g.
Feybesse et al. 2006)

Mumford

Quartzitic sandstone,
conglomerate (Agyei
Duodo et al., 2009)

Shallow water

<2150±10 Ma (L-detrital
zircon, this study)

Ca. 2120-2080 Ma, regional
deformation/
metamorphism (e.g.
Feybesse et al. 2006)

Cape Coast

Sericite to quartz-sericite
schist, phyllite (Agyei
Duodo et al., 2009)

Deep water

<2149±4 Ma (L-detrital
zircon, this study)

Ca. 2120-2080 Ma, regional
deformation/
metamorphism (e.g.
Feybesse et al. 2006).

Akyem

Argillite, pelite, grey to
black phyllite and schist,
quartzite, tuffaceous
greywacke (Asiedu et al.,
2004; Agyei Duodu et al.,
2009)

Deep water

<2143±11 Ma (L-detrital
zircon, this study)

Ca. 2120-2080 Ma, regional
deformation/
metamorphism (e.g.
Feybesse et al. 2006).

Tarkwaian

Sandstones, grits, argillites, Shallow water
wackes, polymict
conglomerates, Phyllite,
(Sestini 1973, Pigois et al.,
2003)

<2133±3 Ma (S-detrital
zircon, Pigois et al, 2003),
<2132±3 and <2134±4 Ma
(T-detrital zircon, Davis et
al., 1994)

2102±13 Ma (S-z, gabbro
sill, Adadey et al., 2009)

Axim

Quartzite, arkose,
conglomerate (Loh and
Hirdes, 1999)

Shallow water

<2162±6 Ma (T-detrital
zircon, Loh and Hirdes,
1999)

Ca. 2120-2080 Ma, regional
deformation/
metamorphism (e.g.
Feybesse et al. 2006).

Kumasi

Siltstone, sandstone,
greywacke, argillite,
carbonaceous shale and
phyllite, volcaniclastics,
minor conglomerate
(Hirdes et al., 1993;
Watkins et al., 1993;
Adadey et al., 2009)

Deep water, with volcanic
contribution

2159±4 Ma (T-z,
undifferentiated
volcaniclastics, Hirdes et
al., 2007b, in Agyei Duodu
et al., 2009), <2155±2 Ma
(T-detrital zircon, Oberthür
et al., 1998), <2154±7 Ma
(L-detrital zircon, this
study), 2142±24 (S-z,
metaandesite flow, Adadey
et al., 2009), <2135±7 (Ldetrital zircon, this study),
<2135±5 Ma (T-detrital
zircon, Davis et al., 1994),
<2129±2 Ma (T- detrital
zircon, Hirdes et al., 2007a).

Cross-cutting intrusions
dated to 2116-2104 Ma
(Hirdes et al., 1992;
Oberthür et al. 1998;
Adadey et al., 2009)

Bibiani

Arkose, quartzite,
Shallow water, with minor
conglomerate, tuffaceous
volcanic contribution
argillite (Hirdes et al., 1993)

<2176±3 Ma (T-z, age from
granitoid clast in polymict
conglomerate, Davis et al.,
1994)

Ca. 2120-2080 Ma, regional
deformation/
metamorphism (e.g.
Feybesse et al. 2006)

Comoé- Sunyani

Pelite, arkose, sandstone,
Deep water, with limited
greywacke, quartzite,
volcanic contribution
phyllite and schist, as well
as minor occurrences of
micro-conglomerate and
chert (Alric et al., 1987;
Delor et al., 1992; Adou et
al., 1995; Hirdes et al. 1993,
2007a; Zitzmann, 1997;
Vidal et al. 2009)

<2151±5 Ma (L-detrital
zircon, this study), <2141±7
Ma (P- detrital zircon, Adou
et al., 1995), <2129±2 Ma
(T-detrital zircon, Hirdes et
al., 2007a)

Cross-cutting intrusions
dated to 2095-2080 Ma
(Hirdes et al., 1992, 2007;
Adou et al., 1995;
Zitzmann, 1997; Petersson
et al., 2016)

Table 1. Summary of lithological and geochronological data of major volcano-sedimentary series. See appendix A for further descriptions. Continues on next page.
Abbreviations: L - LA-ICPMS, T - TIMS; P - Pb-evap.; S - SHRIMP; z - zircon.
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Series

Lithologies

Depositional setting

Max.-/syn.- depositional
age

Bui

Quartzite, conglomerate,
gritstone, siltstone
(Kiessling, 1997)

Shallow water

<2132±15 and <2131±8 Ma Ca. 2120-2080 Ma, regional
(L-detrital zircon, this
deformation/
study)
metamorphism (e.g.
Feybesse et al. 2006).

Koun-Tanda-Zanzan

Sandstone, arkose and
conglomerate (Simeon et
al., 1995)

Shallow water

<2153±4 Ma (L-detrital
zircon, this study), <2144±8
Ma (L-detrital zircon, this
study), <2135±17 Ma (Ldetrital zircon, this study),
<2126±4 Ma (P-detrital
zircon, Simeon et al., 1995)

Ca. 2120-2080 Ma, regional
deformation/
metamorphism (e.g.
Feybesse et al. 2006).

Maluwe

Argillite, wacke, black
Deep water, with volcanic
shales, quartz phyllite,
contribution
chlorite/graphite schist,
sandstone-conglomerate,
volcaniclastic, subordinate
basalt and andesite flow, ,
pelite, subordinate chert
(Zitzmann, 1997; de Kock et
al., 2011)

2197±6 (S-z, rhyolite, Block
et al., 2016a), 2196±1 Ma
(T-z, volcaniclastics, Agyei
Duodu et al., 2009),
<2151±5 Ma (L-detrital
zircon, this study), 2131±4
and 2125±10 Ma (S-z,
volcaniclastics, de Kock et
al., 2011).

Broadly syn-depositional
metamorphism and
deformation at 2150-2110
Ma (Block et al., 2016b).
Cross-cutting intrusions at
2145-2118 Ma (Zitzmann,
1997; de Kock et al., 2011;
Block et al., 2016a)

Datoka

Arenite

Undated, postdate regional
deformation affecting
volcano-sediment of
underlying Nangodi series/
belt (Attoh, 1982), regional
peak tectono-metamorphic
activity at 2150-2130 Ma
(Block et al., 2016b)

Regional metamorphism
and deformation at 21502110 Ma (Block et al.,
2016b).

Nangodi

Greywacke, shale and felsic Deep water, with volcanic
-intermediate volcanics,
contribution
tuff, volcaniclastics (Attoh,
1982; Agyei Duodu et al.,
2009; Block et al., 2016b)

Andesite, basaltic andesite
and dacite units adjacent to
volcano-sediment dated at
2155±6, 2153±5 and
2149±7 Ma, respectively (Sz, Block et al., 2016a).

Regional metamorphism
and deformation at 21502110 Ma (Block et al.,
2016b).

Chako

Sandstone, arkosic
conglomerate,
volcaniclastics

2129±7 Ma (S-z,
volcanoclastic deposit,
Block et al., 2016a). Age
inferred to be close to time
of eruption

Regional metamorphism
and deformation at 21502110 Ma (Block et al.,
2016b).

Shallow water

Shallow water, with
volcanic contribution

Min. depositional age

Table 1. continued

are typically interpreted to have been deposited in a lacustrine-fluvial-deltaic environment (Sestini, 1973; Bossière et
al., 1996; Kiessling, 1997; Lüdtke et al., 1999). In some instances, they have been reported to contain a volcanic or
pyroclastic component, such as in the Safane-Tehini (Bossière et al., 1996), Bibiani (Hirdes et al., 1993) and Chako
(Block et al.., 2016a) series. However, volcanic products appear to be absent from other units, such as the Tarkwaian
(Sestini, 1973; Pigois et al., 2003) and Bui (Kiessling, 1997) series. Detailed stratigraphic sections have been compiled
for the Bui (Zitzmann, 1997) and Tarkwaian (Sestini, 1973; Pigois et al., 2003) series in southeastern Ghana and these
highlight a variable evolution, with a general fining upwards sequence within the Tarkwaian series while
sedimentation within the Bui series was more cyclical (fig. 4).
The units grouped here as Eburnean volcanic series are located in the northwestern Baoulé Mossi domain,
and include Falémé, Niandan and Keniero (fig. 2). These are comprised predominantly of volcanic flows or
volcaniclastics, ranging from calc-alkaline andesite in Falémé (Hirdes and Davis, 2002; Lambert-Smith et al., 2016) to
basalt, rhyolite and basalt-komatiite in the Keniero and Niandan series (Milési et al., 1989; Tegyey et al., 1989;
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Fig. 4. Simplified lithostratigraphic columns based on published data from different Eburnean volcano-sedimentary series, highlighting the
variability seen among deep, shallow and volcanic varieties. Estimates of unit thicknesses are typically not well established, but listed where
available. In some cases, such as for Siguiri, Tarkwa, and Bui, the lithostratigraphy is based on well-constrained sections. However, for other series
such as Kumasi or Maluwe, it represents a generalized sequence for a wider area, and the relative position of different units may be poorly
constrained. Thicknesses of units is otherwise approximate and relative, as is the width for different lithologies, which is intended to reflect the
relative coarseness of sedimentary successions. All ages are given in Ma. Dashed lines labeled a-c in columns for Keniero and Niandan indicate
possible correlations proposed by Milési et al. (1989). Dashed lines (labeled c) between Falémé, Niandan, Keniero and Siguiri outline possible
regional correlations between volcanic-volcaniclastic units in the northwestern Baoulé Mossi domain, after Lebrun et al. (2016). References: 1 –
Thievenaut et al. (2010); 2 – Hirdes and Davis (2002); 3 – Milési et al. (1989); 4 – Feybesse et al. (1999), in Lahondère et al. (2002); 5 – Bering et al.
(1998), in De Waele et al. (2015); 6 – Lebrun et al. (2016); 7 – Doumbia et al. (1998); 8 – de Kock et al. (2011); 9 – This study; 10 – Agyei Duodu et
al. (2009); 11 – Block et al. (2016a); 12 – Adadey et al. (2012); 13 – Hirdes et al. (2007); 14 – Davis et al. (1994); 15 – Oberthür et al. (1998); 16 –
Pigois et al. (2003).

Lahondère et al., 2002). A poorly defined unit dominated by volcaniclastic successions and associated with gold
mineralization has also been reported within the Kumasi series in the southeastern Baoulé Mossi domain, and
referred to as the Asankrangwa belt (fig. 3, Leube et al., 1990; Chudasama et al., 2016). However, it is less well
defined compared to the other units, and is therefore treated here as part of the Kumasi deep water series, rather
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than as a distinct volcanic series. Milési et al. (1989) presented simplified stratigraphic columns for Keniero and
Niandan, which are shown in figures 4. Although they are not included here, some of the volcanic and volcanosedimentary sequences within the predominantly older volcanic series could also fit into this category, given their
sometimes overlapping ages with late Eburnean series (figs. 2 and 3). However, this work focuses on the units
traditionally included as or associated with volcano-sedimentary “basins” that formed during the Eburnean orogeny.
Published detrital zircon data and ages from volcanic rocks in sWAC and the São Luís Craton are shown in
figures 2 and 3, and included in table 1. Broadly speaking, the ages constrain the timing of deposition to between ca.
2165-2130 Ma and 2100-2090 Ma, with a scatter of younger ages from ca. 2090-2065 Ma. Among the more well
constrained ages, the oldest have been obtained from deep water series (e.g. Davis et al., 1994; Oberthür et al.,
1998), but both shallow and deep water series have been dated to between 2130-2100 Ma (e.g. Pigois et al., 2003;
Lebrun et al., 2016), suggesting that they were broadly contemporaneous and their contrasting depositional
environment reflects local controls within the evolving orogenic system. Based on the available geochronologic data
at the time, Hirdes et al. (1996) and Hirdes and Davis (2002) noted that there was an apparent westward-directed
younging in the maximum depositional ages of the Eburnean volcano-sedimentary series, with older maximum
depositional ages in the southeast at ca. 2150-2130, compared to ca. 2100 Ma in the northwest. These authors also
noted how this apparent migration fitted into the overall westward-directed migration in magmatic and
tectonometamorphic activity that characterizes the Baoulé Mossi domain (Feybesse and Milési, 1994; Hirdes et al.,
1996; Hirdes and Davis, 2002; Parra-Avila et al., 2017). As shown in figures 2 and 3 and discussed further in section
2.6.3, this general trend is also supported by more recent datasets, including from this study.

2.2.2.2. East-southeastern Baoule Mossi
This study focuses on the volcano-sedimentary series exposed in the southeastern Baoulé Mossi domain, which
contains a number of deep and shallow water series with variable size and geometry (fig. 3). In general, the series
are oriented NE-SW, and run parallel with the orientation of major shear zones and adjacent older volcanic series.
This region is a classic locality for studies on the Birimian Supergroup (e.g. Leube et al., 1990), where a particular
focus has been on the Kumasi and Tarkwaian series that are spatially associated with significant gold deposits (e.g.
Perrouty et al., 2012). The east-southeastern section of the Baoulé Mossi domain includes several large deep water
series, and a number of shallow water series of variable size. The central deep water series that include Kumasi and
Comoé-Sunyani are comparatively well-defined, and often delineated by faults and shear zones that form tectonic
contacts with adjacent older volcanic series. The deep water series have a more complex appearance in the north
and southeast, where the volcano-sediments occur as scattered units among high-grade gneisses and intrusives (e.g.
Agyei Duodu et al., 2009; Perrouty et al., 2012; Block et al., 2016b). In the southeast, the deep water series are here
divided into the northern Akyem (after Perrouty et al., 2012) and southern Cape Coast series, which are separated by
a large domain of poorly studies gneisses and intrusives. It is not clear whether these units originally formed a
coherent series, although detrital zircon data from this study indicate that they have comparable maximum
depositional ages (fig. 3, table 1). In the north, deep water successions form a seemingly continuous unit that
stretches to north of the shallow water Bui series (e.g. Zitzmann, 1997; de Kock et al., 2012), but where there are
nevertheless important breaks in metamorphic grade (Block et al., 2016b). The seemingly uninterrupted sequence of
volcano-sedimentary rocks is taken here as a justification to group these sequences as part of one series that have
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been variable affected by complex tectonometamorphic overprinting, and which is referred to as the Maluwe series
(fig. 3, table 1). However, although several ages between 2155-2125 Ma have been obtained from volcanic,
volcaniclastic and sedimentary successions in this unit, there are also successions within the Maluwe series that have
been dated to ca. 2195 Ma (Agyei Duodu et al., 2009; Block et al., 2016a), and it remains unclear to what extent the
Maluwe series is comprised of older versus younger successions. It is also unclear whether the Maluwe series is
connected with the volcano-sediment in the Nangodi volcanic series in the northeast (fig. 3), as ages obtained from
volcanic rocks in this region (Block et al., 2016a) are comparable to maximum depositional ages from near the Bui
series presented in this study. It is also unclear how the Maluwe series relates to the northeastern extension of the
Sunyani-Comoé series. Current map sheets over this area show how the two series seem to merge to the northeast
of the shallow water Bui series, without identifying a tectonic boundary (fig. 3, cf. Zitzmann, 1997). Data from this
study further indicate that the sediment from both the Maluwe and Comoé-Sunyani series have comparable
depositional ages, which raises the possibility that the Maluwe series is at least semi-continuous with the SunyaniComoé series. Most of the shallow water series in east-southeastern Baoulé Mossi are volumetrically minor, and
have not been the subject of detailed studies. Important exceptions are the larger Tarkwaian, Bui, and Koun-TandaZanzan series (fig. 3). The shallow water series are predominantly deposited on older volcanic series (e.g. Attoh et al.,
1982; Pigois et al., 2003; Agyei Duodu et al., 2009; Block et al., 2016b), although Zitzmann (1997) reported an
outcrop that indicates that the Bui series overlie the Maluwe series with a concordant or low-angle discordant
contact.
Published geochronological data on detrital zircon from volcano-sedimentary successions in the eastsoutheastern section of the Baoulé Mossi domain indicate a broad span of maximum depositional ages between
2155-2130 Ma, which is comparable with the ages between 2164 and 2130 Ma obtained as part of this study (fig. 3,
see also section 2.5). Following deposition, the volcano-sedimentary series were subjected to regional deformation,
metamorphism, and associated emplacement of intrusives. This appear to have affected the northern series in the
east-central Baoulé Mossi domain earlier compared to those in the southeast, as Block et al., (2016b) constrained
deformation and metamorphism there to have reached its peak around 2150-2130 Ma, while it appears to have
ended around 2100 Ma. Meanwhile, the southeast was affected by deformation, metamorphism and widespread
magmatism at a somewhat later stage between ca. 2120-2070 Ma (e.g. Feybesse et al., 2006a; Perrouty et al., 2012).

2.3. Methods
The samples in this study were collected during field work in northeastern Côte d’Ivoire in May 2015 and in southern
Ghana in March 2016. Thirteen samples were selected for U-Pb isotopic analyzis of detrital zircon, and these are
described further in section 2.4. Sample locations are shown in figure 3. The samples were processed for zircon
mineral separation at the SELFRAG facility at the John de Laeter Center at Curtin University. Three kilograms of each
samples was fragmented using high voltage electrodynamic disaggregation, after which traditional methods using
heavy liquids and Frantz magnetic separation where employed to concentrate heavy mineral fractions. Zircon grains
from the non-magnetic or least magnetic fractions were hand-picked in ethanol under a binocular microscope at the
facilities of the School of Earth Sciences at the University of Western Australia. For each sample, ca. 300-350 grains
representative of different zircon morphologies were picked, and grains from two to three samples were
subsequently placed on double sided tape and cast in two-component resin using a 25 mm circular Teflon mould.
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After hardening, the resulting mounts were polished to expose the zircon grains using P2000 polishing paper and 6-1
µm diamond film. A final polish with 1 µm diamond paste on a Struer polishing machine was performed to produce a
smooth surface on the grains. Following polishing, the mounts were carbon coated and imaged with back-scattered
electron microscopy (BSE) and cathodoluminescence (CL) using a SEM TESCAN VEGA3 system at the Centre for
Microscopy, Characterisation and Analysis at the University of Western Australia. The BSE and CL images were
subsequently used to identify suitable analytical spots in the mounted grains, which were chosen to be
representative of different zircon populations based on their grain morphology and CL patterns, and free of visible
cracks in BSE.
The samples were analyzed using LA-ICPMS at the CCFS/GEOMOC facilities of Macquarie University during
two separate analytical sessions in January 2016 (CIB samples) and April 2017 (MG samples). The instrument setup
used a Photon Machines Excimer Laser (He1Ex) and an Agilent Technologies 7700 series quadropole ICP-MS.
Analyzes were performed using a laser spot size of 40 µm, laser energy set at 100%, an energy setpoint of 4.5, and
fluency of 7.59 j/cm2. Each analysis consisted of an initial laser blast to clear the area around the chosen spot,
followed by a 60 second period of background reading and a 120 second period of acquisition, during which the ICPMS was set to measure

204

Pb,

206

207

Pb,

Pb,

232

Th, and

238

U.
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238
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137.88. During analysis, the zircon standard GJ-1 (Jackson et al., 2004) was used as the calibrating standard to
monitor and correct for instrumental drift. Zircon standards OG-1 (Stern et al., 2009) and 91500 (Wiedenbeck et al.,
1995) were used as secondary standards and analyzed as unknowns. All standards were supplied by the CCFS/
GEOMOC facility on a separate mount. Unknowns were analyzed in runs of 10-15 spots (including spots on each
secondary standard), and each run was bracketed by double analyzes of the calibrating standard GJ-1. The software
GLITTER (Griffin et al., 2008) was used to monitor the quality of the data obtained during the course of analysis. Each
run was only initiated after concordant analyzes had been obtained from each secondary standard.
The raw data obtained from the LA-ICPMS analyzes was reduced using the software Iolite and the U-Pb
reduction scheme “U_Pb_geochronology3”. During data reduction, integrations were made on stable segments of
the U, Th and Pb signals obtained during acquisition, and these where subsequently used to calculate ratios and
concentrations for each analysis. A smooth spline function was fitted to the GJ-1 standards and used to correct for
instrumental drift and calculate the final 2σ propagated error, which is used in all plots presented in this paper.
Discordancy for each analysis was calculated using the formulas % disc. = (1-((206Pb/238U age)/(207Pb/206Pb age)))*100
and % disc. = (1-((206Pb/238U age)/(207Pb/235U age)))*100, and only those analyzes that were found to be <3%
discordant in both measures were used in age calculations.
The reduced data was subsequently analyzed and plotted using the ISOPLOT 3.75 (Ludwig, 2012) add-in for
Microsoft Excel 2003. Determination of age populations within each sample was made using the “unmixing” function
in ISOPLOT, which was applied on

207

Pb/206Pb ages of concordant spots to constrain subpopulations within the total

detrital population. The youngest statistically significant subpopulation with a fraction exceeding 15% (f=0.15) was
used to constrain the maximum depositional age of the sample. The final results are presented in section 2.5.

2.4. Sample descriptions
In this section, brief descriptions are given of the samples chosen for detrital zircon analyzes with respect to their
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field location and petrography. All samples are from clastic sediment variably affected by tectonometamorphic
overprinting. Their locations are shown in figure 3 and coordinates are provided in the heading for each sample,
where they are given as latitude/longitude in decimal degrees using the WGS1984 datum. Photographs of selected
outcrops and hand samples are shown in figures 5 to 7.

2.4.1. Northeastern Cote d’Ivoire
2.4.1.1. CIB03 (Conglomerate; Zanzan series; 7.966654, -2.84281)
The sample was taken from a conglomerate unit that forms a ridge in the in northern part of the Zanzan series (fig.
5a-b). The clast-supported conglomerate is composed of dm- to cm-sized rounded clasts with a sand-sized matrix.
The conglomerate is polymict, and the clasts are comprised of an assortment of mafic to felsic fine grained volcanic,
volcanoclastic and quartz clasts, which matches the lithologies found in the surrounding basement of the KounTanda-Zanzan series. Occasionally, the conglomerate unit also contain thin beds with sand-sized material that are
free of larger clasts. In thin section, sample CIB03 contains a matrix of angular quartz and subordinate feldspar
grains, together with epidote, chlorite and opaques. Deformation is expressed through deflection of the matrix
around clast margins, as well as in undulose extinction and partial recrystallization of quartz. Fine grained volcanic
clasts do not show visible internal deformation, as indicated by e.g. randomly oriented pyroxene needles in altered
basalt.

2.4.1.2. CIB05 (Sandstone; Koun-Tanda series; 7.882781, -2.971759)
The sample is taken from a red sandstone unit in the northern part of the Koun-Tanda series, which contains angular
to subrounded mm- to cm-sized quartz clasts set within a finer sand-sized matrix (fig. 5b-c). The outcrop records a
primary stratigraphic layering with no visible deformation. However, nearby outcrops with the same lithology record
a weak tectonic overprint. In thin section, sample CIB05 is composed primarily of mm-sized angular to sub rounded
quartz grains that exhibit variable degrees of undulose extinction and recrystallization. A subset of clasts are
composed of fine grained epidote, which may could represent altered feldspar. In addition to recrystallization and
undulose extinction of quartz, limited deformation is also indicated by matrix wrapped around the margins of clasts,
and brittle fracturing of grains, although with no significant displacement.

2.4.1.3. CIB18 (Deformed conglomerate; Koun-Tanda series; 7.519155, -3.234948)
The sample is a deformed matrix-supported conglomerate taken from a conglomerate unit, which forms a ridge
along the southern margin of the Koun-Tanda series (fig. 5e-f). The conglomerate is polymict, with cm-sized clasts set
within a silt- to sand-sized grey matrix. In thin section, the show clasts mm to cm- sized clasts set in a fine-grained
matrix of quartz and white mica. More intense deformation relative to samples CIB03 and CIB05 is indicated by a
fabric defined by preferential alignment of clasts and quartz-mica grains in the matrix, which include the
development of strain shadows.

2.4.2. Southern Ghana
2.4.2.1. MG2 (Quartzite; Winneba series; 5.27363, -0.74853)
The sample is a grey quartzite exposed along the coastline of the southern Mumford series (fig. 5g-h). The quartzite
contains occasional cm-sized quartz clasts, as well as occasional interbedded dm-thick conglomerate lenses. The
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Fig. 5. Field and hand sample photographs for samples CIB03 (A-B), CIB05 (C-D), CIB18 (E-F), and MG2 (G-H). Scale for hand samples in centimeters.
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quartzite is deformed, with a steeply dipping foliation striking approximately N030. The quartzite has a strong
magnetic response, compatible with what is reported from similar deposits in e.g. the Tarkwaian series (Sestini,
1973; Perrouty et al., 2012). In thin section, sample MG2 is composed of mm-sized quartz clasts set in a fine-grained
quartz-rich matrix, together with white mica, biotite, epidote, and opaques. Deformation is indicated by a strong
tectonic fabric defined by elongate clasts, the orientation of mica grains, and recrystallization of quartz grains.

2.4.2.2. MG6 (Biotite schist; Cape Coast series; 5.19819, -1.08674)
The sample is a brown biotite schist located in the section of the Cape Coast series (fig. 6a). The outcrop records a
tectonic overprint, with a fabric oriented N040/45E, subparallel with bedding. In thin section, the sample is
dominated by mm-sized recrystallized quartz and biotite, along with minor epidote. It displays a strong foliation
defined by the preferential alignment of biotite and epidote as well as elongate quartz grains. Recrystallized quartz
grains also display incipient development of polygonal grain boundaries.

2.4.2.3. MG16 (Greywacke; Kumasi series; 5.95798, -1.94314)
The sample is a dark pyrite-bearing greywacke obtained from a drill core at the Edikan Project (Ayanfuri) in the eastcentral Kumasi series (fig. 6b). The sample is moderately deformed, and the area is characterized by an
approximately dominantly NE-striking structural grain. In thin section, sample MG16 is composed of mm-sized
composite quartz-feldspar, quartz and sericitized feldspar grains, which are set in a fine-grained matrix of quartz,
white mica, and feldspar. Quartz exhibit undulose extinction and recrystallization, but the sample does not exhibit a
pronounced fabric.

2.4.2.4. MG34 (Greywacke; Kumasi series; 6.34078,-1.98637)
The sample is a dark greywacke obtained from a drill core at the Obotan Project in the central Kumasi series (fig. 6c).
It does not record a pronounced tectonic fabric, but the metasediments in the area are characterized by an
approximately NE-striking fabric. In thin section, the sample is comprised of mm-sized quartz and subordinate
plagioclase grains, set in a fine-grained matrix of quartz, white mica, and opaques. The quartz clasts exhibit variable
internal grain sizes. The sample has a tectonic fabric marked by the alignment of quartz grains and mica, and
deformation is also reflected by recrystallization of quartz. A > 5mm large pyrite grain overprints the primary texture
of the sample.

2.4.2.5. MG47 (Sandstone; Bui series; 8.13863, -2.32768)
The sample was obtained from a massive light brown-green sandstone unit forming a small ridge in the central Bui
series, which is part of the strathigraphically uppermost Tombe Formation (Zitzmann, 1997, fig. 6d-e). The sample
does not record a strong tectonic fabric, but the metasediments in the area are characterized by an approximately
NE-striking fabric. In thin section, the sample is composed of mm-sized quartz and subordinate plagioclase clasts, set
in a fine-grained matrix of quartz, feldspar, white mica, epidote, and chlorite. Deformation is indicated by a weak
fabric and deflection of the matrix around larger grains, as well as by recrystallization of quartz.

2.4.2.6. MG48 (Conglomerate; Bui series; 8.12029; -2.25277)
The sample was obtained from a conglomerate boulder which belong to the lowermost Nuapo Formation within the
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Fig. 6. Field and hand sample photographs for samples MG6 (A), MG16 (B), MG34 (C), MG47 (D-E), and MG48 (F-G). Scale for hand samples in centimeters.
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Bui series, which forms prominent ridge along the margins of the basins (fig. 6f-g). The sample does not record a
strong tectonic fabric, but the metasediments in the area are characterized by an approximately NE-striking fabric. In
thin section, the sample is characterized by mm to cm-sized angular-subangular quartz clasts, set in a fine-grained
matrix of quartz and white mica. Deformation is indicated by development of a weak fabric defined by alignment of
mica, matrix wrapped around larger clasts, and recrystallization of quartz.

2.4.2.7. MG52 (Sandstone-siltstone; Sunyani series; 8.10469,-2.12606)
The sample was obtained from a unit composed of alternating cm-thick layers of dark to light brown sandstone and
siltstone located in the northeastern Comoé-Sunyani series (fig. 7a-b). The sampled outcrop is folded, with an axial
planar cleavage oriented N035/60E. In thin section, sample MG52 contains angular to subangular quartz and
subordinate plagioclase clasts, which occur within a matrix containing fine grained quartz, feldspar and white mica. A
fabric is defined by the alignment of mica and recrystallized quartz grains.

2.4.2.8. MG54 (Sandstone-siltstone; Maluwe-Nangodi series; 8.41992, -2.14582)
The sample was obtained from the deeply weathered greywacke containing sand-sized quartz clasts within a finer
silt-sized matrix that is located in the Maluwe series just to the north of the apparently overlying Bui series (fig. 7c-d,
Zitzmann, 1997). The outcrop is deeply weathered, and characterized by a fabric (bedding/foliation) oriented
N090/75N. No thin section was prepared for sample MG54.

2.4.2.9. MG96 (Foliated greywacke; Akyem series; 6.49564, -0.62984)
The sample was obtained from a greywacke in the northern Akyem series (fig. 7e-f). The outcrop is characterized by
a tectonic fabric oriented N070/80W. The sample is composed of a grey sand-sized matrix, which contains abundant
elongate fine-grained mafic fragments that defines the fabric of the rock. In thin section, the sample is composed of
larger quartz, biotite and plagioclase grains that occur within a fine-grained matrix defined by a strong tectonic
fabric.

2.4.2.10. MG101 (Greywacke; Kibi series; 6.18103, -0.54456)
The sample was obtained from a massive greywacke unit that forms a ridge within the central portion of the Kibi
series (fig. 7g-h). The sample is composed of a dark-grey sandy matrix containing angular to subrounded mm-sized
mafic to felsic grains. In thin section, the sample is composed of mm-sized clasts of quartz and plagioclase within a
matrix of quartz, feldspar, white mica, epidote and opaques. It does not exhibit a pronounced fabric, with
deformation restricted to undulose extinction and recrystallization of quartz, as well as deflection of the matrix
around the margins of larger grains.

2.5. Results
The geochronological data for the analyzed samples is summarized below, while tables with isotopic data are
provided in appendix B.
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Fig. 7. Field and hand sample photographs for samples MG52 (A-B), MG54 (C-D), MG96 (E-F), and MG101 (G-H). Scale for hand samples in centimeters.
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2.5.1. Northeastern Cote d’Ivoire
2.5.1.1. CIB03
Sample CIB03 yielded abundant elongate to stubby zircon grains that range in size from ca. 50 to 400 µm (fig. 8a).
The sample contains both fragmented and complete grains, which exhibit euhedral to anhedral morphologies, often
with subrounded margins. In CL, the grains show both concentric zoning and complex irregular internal textures. A
total of 80 spots from 80 grains were analyzed. Of these, 5 discordant spots were rejected (fig. 8a). The remaining 75
concordant analyzes have U concentrations ranging between 26-545 ppm, Th between 4-363 ppm, Pb between 423709 ppm, and Th/U between 0.11-0.66.
The concordant spots define two populations with ages of 2153±4 (f=0.45±0.18) and 2179±3 (f=0.55) Ma,
respectively (fig. 8a). The age of 2153±4 is interpreted as the maximum depositional age of the conglomerate unit
from which sample CIB03 was obtained.

2.5.1.2. CIB05
Sample CIB05 yielded zircon grains with elongate to spherical shape with bimodal size distribution that is dominated
by 100-200 µm grains, with a smaller subset reaching up to 400-500 µm (fig. 8b). The grains are predominantly
fragmented but also include occasional complete subrounded euhedral to subhedral grains. In CL, the grains exhibit
internal textures ranging from concentric to complex and patchy zonation. A total of 46 spots from 46 grains were
analyzed, of which 8 discordant spots were rejected (fig. 8b). The remaining 36 concordant analyzes have U
concentrations from 40-1376 ppm, Th from 1-292 ppm, Pb from 5-2995 ppm, and Th/U from 0.12-0.41, with a single
grain recording a ratio of 0.01.
The concordant analyzes define three populations with ages of 2128±20 Ma (f=0.27±0.38), 2155±10
(f=0.64±0.42) and 2195±34 (f=0.06±0.10) Ma (fig. 8b). A single grain also yielded an age of 2263±23 Ma. While a
more robust younger population with an age of 2144±7 (f=0.82±0.33) can also be defined for the main population
obtained from the sample, the age of 2128±20 Ma is nevertheless interpreted as the maximum depositional age of
the sandstone unit from which sample CIB05 was obtained.

2.5.1.3. CIB18
Sample CIB18 yielded abundant zircon grains, including both complete grains and fragments. The grains range from
being euhedral to anhedral, with sizes typically between 150-500 µm (fig. 8c). In CL, the grains exhibit a range of
internal textures, including concentric zonation and more complex and irregular zonation. A total of 90 spots from 90
detrital grains were analyzed (fig. 8c). Out of these, 5 analyzes were discordant. The remaining 85 concordant spots
have U concentrations between 18-765 ppm, Th from 2-102 ppm, Pb from 24-1046 ppm, and Th/U between 0.060.61.
The concordant spots define three populations with ages of 2135±17 (f=0.21±0.29), 2159±7 (f=0.71±0.32) and
2192±14 (f=0.08) Ma (fig. 8c). The age of 2135±17 Ma is interpreted as the maximum depositional age of the
conglomerate unit from which sample CIB18 was obtained. This age overlaps within error with a published maximum
depositional age of 2126±4 Ma (Pb-evaporation on zircon) obtained from detrital zircon obtained from a nearby
locality in the same unit (Siméon et al., 1995).
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Fig. 8. U-Pb data from samples CIB03, CIB05 and CIB18, showing

207

Pb/206Pb-238U/206Pb Tera-Wasserburg concordia plots of concordant and discordant spots for each

sample, together with probability distribution histograms of concordant

207

Pb/206Pb ages with age populations, as well as selected zircon grains from the analyzed

samples.
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2.5.2. Southern Ghana
2.5.2.1. MG2
Sample MG2 yielded abundant zircon grains, which range in size from ca. 50 to 600 µm. These occur as both
fragmented and complete grains, typically with subrounded euhedral to anhedral morphology. In CL images, the
population is predominantly comprised of dark grains with both concentric and irregular internal textures. A subset
appear lighter, but have similar internal textures. A total of 60 spots on 60 grains were obtained from sample MG2,
of which 15 discordant analyzes were rejected (fig. 9a). The remaining 45 analyzes have U concentrations ranging
between 129-743 ppm, Th from 15-161 ppm, Pb from 145-1817 ppm, and Th/U between 0.10-0.55.
The analyzed spots define two populations with ages of 2102±7 (f=0.86±0.28) and 2150±10 (f=0.14) Ma (fig.
9a). The younger dominant population (spots with
concentrations relative to grains with

207

Pb/206Pb <2115 Ma) is defined by elevated U and Th

207

Pb/206Pb >2115 Ma (fig. 9b), and darker grains in CL images (fig. 9a). As a

group, the 207Pb/206Pb <2115 Ma grains are also characterized by a fairly constant Th/U at 0.20-0.25, in contrast to a
greater scatter in Th/U seen among grains with

207

Pb/206Pb >2115 Ma (fig. 9b). It is also possible to define a precise

discordia age of 2111±6 Ma (n=44; MSWD=0.37; probability of fit=1.000) for grains with
9c). Meanwhile, grains with

207

Pb/206Pb <2115 Ma (fig.

207

Pb/206Pb >2115 Ma can be further subdivided into two populations with ages of

2124±13 (f=0.52±0.54) and 2152±13 (f=0.48) Ma (fig. 9d).
Given its compositional characteristics, the younger population comprising grains with

207

Pb/206Pb <2115 Ma

could be interpreted as recording metamorphic or hydrothermal overprinting of the sample, which altered the U and
Th concentrations. In this case, it would represent the minimum age of deposition for the sample, while the age of
the younger population defined by grains with 207Pb/206Pb >2115 would constrain the maximum age of deposition to
2124±13 Ma. However, the Th/U of the zircon belonging to the <2115 Ma population is not distinctly different from
the range displayed by detrital zircon from other samples (fig. 9c). In fact, there is a distinct dip in Th/U among some
zircon grains with

207

Pb/206Pb between ca. 2160-2140 Ma, which is considerably lower than that of the <2115 Ma

population in sample MG2. The older dip in Th/U between 2160-2140 Ma coincides with the onset of high-grade
metamorphism in the northeastern Baoulé Mossi domain (Boher et al., 1992; Baratoux et al., 2011; Block et al.,
2016a), and it may thus represent zircon affected by metamorphism in that region. However, this also requires that
different processes controlled the higher Th/U of zircons in the <2115 Ma population of sample MG2, if these were
indeed related to a metamorphic or metasomatic overprint. An alternative interpretation is therefore that the grains
comprising the

207

Pb/206Pb <2115 Ma population could represent detrital zircon derived from a restricted and

compositionally homogenous source with a distinct U and Th composition, such as a nearby intrusion. In this case,
the age of 2102±7 Ma defined by the younger population would represent the maximum depositional age of sample
MG2.

2.5.2.2. MG6
Sample MG6 yielded abundant zircon grains, which range in size from ca. 50 to 400 µm (fig. 10a). These occur both
as rounded and elongate grains, with subrounded euhedral to anhedral morphology. In CL images, the grains display
both complex and concentric zonation. Some grains contain xenocrystic cores, as well as <10 µm irregular rims. Most
grains contain thin porous overgrowths that appear bright in CL images. A total of 60 spots on 58 grains were
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Fig. 9. U-Pb data from sample MG2, including representative zircon from the analyzed populations. A)
concordant and discordant spots. B) Probability distribution histogram of concordant

207

analyzed populations. D) U concentration of discordant and concordant spots with

207

Pb/206Pb-238U/206Pb Tera-Wasserburg concordia plot of

206

Pb/ Pb ages with age populations. C) Representative zircon grains from the

207

Pb/206Pb ages <2115 Ma and >2115 Ma from samples MG2, relative to

concordant spots from other samples. E) Th concentration of discordant and concordant spots with

207

Pb/206Pb ages <2115 Ma and >2115 Ma from samples MG2,

relative to concordant spots from other samples. F) Th/U concentration of discordant and concordant spots with

207

Pb/206Pb ages <2115 Ma and >2115 Ma from

samples MG2, relative to concordant spots from other samples. Note the significant excursion in Th/U at ca. 2160-2150 Ma, with Th/U lower than that recorded in
spots from MG2 with

207

defined for spots with
207

Pb/206Pb ages <2115 Ma. G) 206Pb/238U-207Pb/235U concordia diagram of concordant and discordant spots from sample MG2, with a discordia

207

Pb/206Pb ages <2115 Ma. H) Probability distribution histogram of

206

Pb/ Pb ages >2115 Ma.
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analyzed on zircon grains from sample MG6, of which 23 discordant analyzes were rejected (fig. 10a). The remaining
concordant analyzes have U concentrations from 39-392 ppm, Th from 17-155 ppm, Pb from 159-1497 ppm, and Th/
U between 0.18-1.02.
The analyzed grains define two major populations with ages of 2149±6 (f=0.78±0.34) and 2200±10 (f=0.22)
Ma (fig. 10a). A discordia including concordant and discordant grains with

207

Pb/206Pb <2170 Ma can also be defined

(not shown), and yields an age of 2159±9 Ma (n=33; MSWD=0.39; probability of fit=0.999), which is within error of
that defined by the unmixing function. The age of 2149±6 Ma is interpreted as the maximum age of deposition of the
schist from which sample MG6 was obtained.
The detrital zircon from sample MG6 also contain a subpopulation with >2270 Ma ages, occurring both as
separate grains and xenocrystic cores (fig. 10a). These include one grain with an Early Paleoproterozoic
age of 2276±27 Ma, and Archean grains and cores with
rims on two xenocrystic cores with

207

Pb/206Pb

207

Pb/206Pb ages from 2601±19 to 3051±21 Ma. Magmatic

207

Pb/206Pb ages of 2648±21 and 2746±25 Ma yielded a concordant age of

2151±26 and a slightly discordant age of 2148±20 Ma, respectively.

2.5.2.3. MG16
Sample MG16 yielded abundant zircon grains, which range in size from 50-500 µm (fig. 10b). These occur both as
subhedral stubby and elongate grains, and generally display concentric zoning in CL images. A few grains have
discordant bright rims or xenocrystic cores. A total of 58 spots on 57 grains were obtained from sample MG16, of
which 8 discordant analyzes were rejected (fig. 10b). The remaining 49 concordant spots have U concentrations
between 45-633 ppm, Th between 9-115 ppm, Pb between 100-906 ppm, and Th/U between 0.13-0.39.
The concordant spots define four populations, with ages of 2135±7 (0.18±0.16), 2150±10 (f=0.15±0.17),
2167±4 (f=0.49±0.24) and 2183±7 Ma (f=0.19, fig. 10b). The youngest population represents a relatively small
fraction of the total detrital population, and a more robust age can be defined at 2141±5 Ma (f=0.29±0.17). However,
the age of 2135±7 Ma is consistent with an age of 2135±5 Ma previously obtained from detrital zircon at a nearby
locality (TIMS, Davis et al., 1994, see also figure 3), and is considered here to record the maximum depositional age
of the unit from which sample MG16 was obtained.
One grain from sample MG16 contained a xenocrystic core that yielded a concordant

207

Pb/206Pb age of

2306±15 Ma (fig. 10b). Its rim was also analyzed, but yielded a concordant 207Pb/206Pb age of 2515±19 Ma. Since it is
characterized by an unrealistically old

208

Pb/232Th age of 4531±210 Ma, it is considered that the age of 2515±19 Ma

rather reflect some form of post-crystallization alteration of the magmatic rim.

2.5.2.4. MG34
Sample MG34 yielded abundant zircon grains, ranging in size from ca. 50 to 400 µm (fig. 10c). The grains have stubby
to elongate subhedral to anhedral morphologies. In CL images, the grains typically display concentric zonation, and
occasionally discordant rims or xenocrystic cores. A total of 47 spots on 47 grains were obtained from sample MG34,
of which 7 discordant analyzes were rejected (fig. 10c). The remaining 40 concordant spots have U concentrations
between 38-355 ppm, Th between 9-109 ppm, Pb between 73-1076 ppm, and Th/U between 0.13-0.46.
The concordant spots define three populations, with ages of 2154±7 (f=0.53±0.40), 2171±8 (f=0.42±0.39) and
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Fig. 10. U-Pb data from samples MG6, MG16 and MG34, showing 207Pb/206Pb-238U/206Pb Tera-Wasserburg concordia plots of concordant and discordant spots for each
sample, together with probability distribution histograms of concordant

207

Pb/206Pb ages with age populations, as well as selected zircon grains from the analyzed

samples.
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2206±10 (f=0.05) Ma (fig. 10c). The age of 2154±7 Ma is interpreted as the maximum depositional age of the unit
from which sample MG34 was collected. One grain yielded a slightly younger

207

Pb/206Pb age of 2123±33 Ma.

Although this may be an indication of the presence of a minor younger population equivalent to that in sample
MG16, the 207Pb/206Pb age is nevertheless within error of the well-defined age population at 2154±7 Ma.

2.5.2.5. MG47
Sample MG47 yielded zircon grains that range in size from ca. 100-400 µm (fig. 11a). They occur as both complete
and fragmented crystals, with subrounded euhedral and anhedral morphologies. In CL images, they often display
concentric zonation, with some grains exhibiting discordant rims. A total of 63 spots on 63 grains were obtained from
sample MG47 (fig. 11a). Of these, 10 discordant analyzes were rejected. The remaining concordant spots have U
concentrations between 66-365 ppm, Th between 16 and 110 ppm, Pb between 169 and 1169, and Th/U between
0.12 and 0.44.
The concordant spots define three populations, with ages of 2132±15 (f=0.17±0.27), 2154±7 (f=0.62±0.33)
and 2174±9 (f=0.21) Ma (fig. 11a). The youngest subpopulation is defined by a relatively small fraction of the total
population, and a more robust age can be defined at 2138±7 Ma (f=0.37±0.23). This is nevertheless within error of
the younger age at 2132±15 Ma, which is interpreted as the maximum depositional age of the unit from which
sample MG47 was collected.

2.5.2.6. MG48
Sample MG48 yielded zircon grains that range in size from ca. 50 to 250 µm (fig. 11b). These occur as fragmented
and complete stubby and elongate grains, with euhedral and subhedral morphologies. In CL images, they typically
display concentric zonation, with some grains including corroded cores. A total of 63 spots on 63 grains were
obtained from sample MG48, of which 23 discordant analyzes were rejected (fig. 11b). The remaining 40 concordant
spots have U concentrations between 48-342 ppm, Th between 15-113 ppm, Pb between 153-1097 ppm, and Th/U
between 0.11-0.49.
The concordant spots define two populations with ages of 2131±8 (f=0.51±0.26) and 2168±8 (f=0.49) Ma (fig.
11b). The younger population at 2131±8 Ma is interpreted as the maximum depositional age of the unit from which
MG48 was collected.

2.5.2.7. MG52
Sample MG52 yielded zircon grains that range in size from ca. 50 to 400 µm (fig. 11c). These range from fragments to
stubby to elongate grains with euhedral and subhedral morphology. In CL images, the grains typically display
concentric zonation, with some exhibiting more complex cores that in cases appear to have been corroded. Some
grains contain bright overgrowths, similar to those in sample MG2, although in smaller quantities. A total of 55 spots
from 55 grains were obtained from sample MG52, out of which 10 discordant analyzes were rejected (fig. 11c). The
remaining 45 concordant analyzes have U concentrations 43-298 ppm, Th between 8-89 ppm, Pb between 82-883,
and Th/U between 0.16-0.48.
The concordant spots define two populations with ages of 2151±5 (f=0.94±0.31) and 2195±25 (f=0.06) Ma (fig.
11c). The age of 2151±5 Ma is interpreted to constrain the maximum depositional age of the unit from which sample
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Fig. 11. U-Pb data from samples MG47, MG48 and MG52, showing 207Pb/206Pb-238U/206Pb Tera-Wasserburg concordia plots of concordant and discordant spots for each
sample, together with probability distribution histograms of concordant
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Pb/206Pb ages with age populations, as well as selected zircon grains from the analyzed

samples.
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MG52 was collected.

2.5.2.8. MG54
Sample MG54 yielded zircon grains ranging in size from ca. 50 to 300 µm (fig. 12a). They occur both as subrounded
euhedral to subhedral grains and fragments. In CL images, they frequently display concentric zonation, occasionally
with more complex cores. A total of 54 spots on 54 grains were obtained from sample MG54 (fig. 12a). Of these, 12
discordant analyzes were rejected. The remaining 42 concordant spots have U concentrations between 60-1002
ppm, Th between 16-211 ppm, Pb between 194-2208 ppm, and Th/U between 0.15-0.53.
The concordant spots define four populations, with ages of 2151±5 (f=0.62±0.26), 2190±10 (f=0.25±0.19),
2228±12 (f=0.10±0.11) and 2266±29 (f=0.03) Ma (fig. 12a). The age of 2151±5 Ma is interpreted as the maximum
depositional age of the unit from which sample MG54 was collected.

2.5.2.9. MG96
MG96 yielded a moderate amount of relatively small zircon grains, ranging in size from 50 to 200 µm (fig. 12b). These
occur as stubby to elongate grains and fragments, which in CL images generally display concentric zonation. The
grains display abundant bright porous overgrowths, comparable to those in sample MG6. A total of 54 spots on 54
grains were obtained from sample MG96, out of which 20 discordant analyzes were rejected (fig. 12b). The
remaining 34 spots have U concentrations between 55-458 ppm, Th between 22-133 ppm, Pb between 206-1198,
and Th/U between 0.12-0.49.
The concordant spots define three major populations, with ages of 2143±11 (f=0.53±0.38), 2170±12
(f=0.38±0.36) and 2191±23 (f=0.09) Ma (fig. 12b). Two grains yielded 207Pb/206Pb ages of 2274±30 and 2281±33 Ma. A
single grain from sample MG96 yielded an anomalous concordant age of 2095±33 Ma. This grain has elevated U and
Th concentrations comparable to the younger population in sample MG2, which it also overlaps with temporally (see
section 2.5.2.1, figure 9). As for sample MG2, the young age may represent either a metamorphic-hydrothermal
overprint, or a late subordinate input from a compositionally distinct source. If the former option is chosen, it
provides a minimum age of 2095±33 Ma, where the maximum depositional age of the sample is constrained by the
subpopulation dated to 2143±11 Ma. If the grain represent a detrital component, then it provides a significantly
lower maximum depositional age for the sample at ca. 2100 Ma.

2.5.2.10. MG101
Sample MG101 yielded abundant large zircon grains, ranging in size from 100 to 500 µm (fig. 12c). The grains occur
as euhedral-subhedral blocky and elongate grains and fragments, some of which contain non-zircon overgrowths. In
CL images, the grains display concentric zonation, occasionally with more complex cores. A few grains also contain
bright overgrowths. A total of 48 spots on 44 grains were obtained from sample MG101, out of which 12 discordant
analyzes were rejected (fig. 12c). The remaining 36 spots have U concentrations between 39-489 ppm, Th between
13-230 ppm, Pb between 151-2393 ppm, and Th/U between 0.09-0.92.
The concordant spots define three major subpopulations, with ages at 2151±25 (f=0.10±0.25), 2175±17
(f=0.32±0.31) and 2212±8 (f=0.57) Ma (fig. 12c). The youngest subpopulation is constrained by a small fraction of the
total analyzed population, and a more robust age can be defined at 2166±9 (f=0.38±0.24) Ma. However, the age of
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Fig. 12. U-Pb data from samples MG54, MG96 and MG101, showing

207

Pb/206Pb-238U/206Pb Tera-Wasserburg concordia plots of concordant and discordant spots for

each sample, together with probability distribution histograms of concordant

207

Pb/206Pb ages with age populations, as well as selected zircon grains from the analyzed

samples.
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2151±25 Ma is supported by two concordant and one slightly discordant spot obtained from single large grain with
magmatic zonation, and which yielded a weighted

207

Pb/206Pb age of 2148±12 Ma (n=3; MSWD=0.36;

probability=0.70). The age of 2151±25 Ma is therefore interpreted to record the maximum depositional age of the
unit from which sample MG101 was collected.
In addition, a single grain with magmatic zoning yielded a concordant

207

Pb/206Pb age of 2288±33 Ma, while

two cores yielded concordant 207Pb/206Pb ages of 2408±32 and 2716±31 Ma. A magmatic rim around the latter core
yielded a discordant

207

Pb/206Pb age of 2134±32 Ma, comparable to the concordant and slightly discordant ages

obtained from magmatic rims around Archean xenocrystic cores in sample MG6 (see section 2.5.2.2).

2.6. Discussion
2.6.1. Timing of deposition within sedimentary series of the SE Baoule Mossi
domain
2.6.1.1. Maximum age of deposition
The samples analyzed in this study define maximum depositional ages between ca. 2165-2125 Ma for the volcanosedimentary series in the east-southeastern Baoulé Mossi domain (fig. 13a-b), in line with previously published
geochronological data on detrital zircon (figs. 2-3, table 1). This range is also comparable with that of magmatic ages
obtained from volcanic rocks from both volcano-sedimentary and volcanic series in the eastern Baoulé Mossi
domain, suggesting that regional sedimentation and volcanism was broadly contemporaneous (fig. 13a-c). Although
the sedimentation coincided with continuous regional emplacement of intrusives in the eastern Baoulé Mossi
domain, the latter nevertheless continued after the youngest maximum depositional ages at 2130 Ma (fig. 13c). This
included emplacement of intrusives within many of the volcano-sedimentary series themselves, beginning in the
Maluwe and Kumasi series around 2120-2115 Ma (e.g. Hirdes et al., 1992; de Kock et al., 2011, fig. 13a-b). With the
exception of samples MG2 and MG96, the absence of any significant <2125 Ma detrital populations among the
analyzed detrital zircon in the east-southeastern Baoule Mossi domain – despite the continued emplacement of
intrusives – suggest that the apparent maximum depositional ages are relatively close to the true depositional age of
the samples.
The detrital zircon from this and previous studies thus bracket the maximum age of sedimentation to
between ca. 2165-2125 Ma, however, it is more difficult to distinguish between whether this corresponded to a
period of prolonged sedimentation among different depocentres, or whether the series where deposited broadly
contemporaneously and where the youngest maximum depositional ages more accurately reflects the true age of
sedimentation (i.e. <2125 Ma). For the latter case, the sedimentary successions with apparent older ages could have
been derived from restricted source regions with no or few younger siliceous magmatic rocks that could have
provided ca. 2130 Ma detrital zircon during sedimentation. Indeed, care should be taken when interpreting the
maximum depositional ages too literally, given how sensitive it could be to factors such as the zircon fertility of its
sediment source region, sorting during transport, and bias during sample preparation (e.g. Malusà et al., 2016). For
example, a previous detrital zircon study from the Siguiri series by Lebrun et al. (2016) yielded a maximum
depositional age of 2124±7 Ma (SHRIMP on zircon) from the unit constrained to be youngest in the lithostratigraphic
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Fig. 13. Correlation chart of new and published geochronological data from volcano-sedimentary series in the eastern Baoulé Mossi domain, in relation to intrusive
rocks, volcanics within volcanic series, and tectonothermal events. The deep water series are interpreted to be characterized by a more prolonged depositional interval
between ca. 2165-2125 Ma, which overlapped with the inferred depositional interval of the shallow water series between ca. 2135-2125 Ma. The maximum
depositional ages obtained from detrital zircon are inferred to be close to their true depositional age, given the widespread magmatic activity in Eastern Baoulé Mossi
that was contemporaonues with their, and which would have been in a positon to provide a continuous input of detrital zircon to regional depocentres. The deposition
in eastern Baoulé Mossi overlapped with the onset of early deformation events (Perrouty et al., 2012; Block et al., 2016a), suggesting that it may have been
dynamically coupled to the development of the depocentres in which the volcano-sedimentary series were deposited. See section 6.1 for further discussion.
References for intrusives in volcano-sedimentary series: A – Adadey et al. (2009); B – Lüdtke et al. (1998); C – Agyei Duodu et al. (2009); D – de Kock et al. (2011); E –
Zitzmann (1997); F – Hirdes et al. (1992), Zitzmann (1997), Hirdes et al. (2007), Petersson et al. (2016); G – Losiak et al. (2013); H – Hirdes et al. (1992), Oberthür et al.
(1998); I – Adadey et al. (2009).

sequence of their study area, whereas the lower units yielded ages of 2113±10 to 2113±5 Ma (SHRIMP on zircon).
Without an independently constrained lithostratigraphic section, the uppermost unit could have reasonably been
interpreted as the oldest. This is an important reminder for this study as well, as there are several series that contain
samples with a range of maximum depositional ages but where the stratigraphic position of the individual samples
remains unconstrained, such as the Koun-Tanda-Zanzan, Kumasi, and Comoé-Sunyani series. This leaves open the
possibility that the seemingly older units may be contemporaneous – or even postdate – units with apparently
younger maximum depositional ages. However, while an option with a single brief period of sedimentation could be
a perfectly acceptable explanation, a scenario with prolonged sedimentation could be just as valid on the basis of the
detrital zircon data alone. This would mean that sedimentation occurred progressively and may be broadly divided
into two stages, one between ca. 2165-2140 Ma and another between ca. 2135-2125 Ma. Given that a range of
maximum depositional ages between 2165 and 2125 Ma have been obtained from e.g. the Maluwe, Kumasi and
Comoé-Sunyani series (see table 1), then this option would also imply that sedimentation within these units occurred
progressively over time and that there may be as of yet unrecognized unconformities within them. This would not be
an unreasonable situation, given the size of these series and their currently poorly constrained lithostratigraphy.
There are in fact some limited stratigraphic evidence to support a scenario with prolonged sedimentation, as
Kiessling (1997) reported one outcrop along its northern margin where the Bui series was deposited on top of the
Maluwe-Nangodi series, along a conformable or low-angle discordant contact. This relationship is consistent with the
older maximum depositional age of 2151±5 Ma obtained from the Maluwe-Nangodi series, and the younger ages
obtained from the lower and upper Bui series at 2131±8 and 2132±15 Ma, respectively. Zitzmann (1997) also
reported an age of 2145±1 Ma (TIMS on zircon) from a small granite that intruded the Maluwe series immediately to
the north of its map contact with the Bui series, which suggest that it is older than 2145-2140 Ma. The age is based
on a scatter of concordant to subconcordant spots between ca. 2150-2140 Ma that together define an upper
intercept with a low probability of fit, and it is not clear whether some these grains reflect xenocrysts. However,
Block et al. (2016a) also reported a concordant age of 2143±12 Ma (SHRIMP on zircon, n=5, MSWD=0.45) from a
trondhjemite some 20-30 km to the north of the granite dated by Zitzmann (1997), lending additional support to a
magmatic event around 2145 Ma. Although the sequence rests on a tenuous case based on a single outcrop and
limited geochronology, it is nevertheless consistent with the detrital zircon data of this study, and supports a
scenario involving prolonged and periodic sedimentation between 2165-2125 Ma. However, even if there is evidence
for a prolonged period of sedimentation, in many cases it would still not be possible to determine for a given sample
whether its maximum depositional age is in fact close to its true depositional age, or whether it is only apparent. A
better understanding of the lithostratigraphy of the different series is required for resolving these issues in more
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detail.
On the basis of the range of detrital zircon data, available lithostratigraphic constraints, and
contemporaneous volcanic activity, it is proposed here that the deposition of the volcano-sedimentary series
occurred over a prolonged period of time. Deep water series are inferred to have been defined by a longer
depositional interval compared to the shallow water series, although both were deposited contemporaneous during
the final stages of regional sedimentation (fig. 13a-b). A longer depositional interval within the deep water series is
supported by contemporaneous volcanic activity, and is also realistic given the size of the units. A briefer
depositional interval for the shallow water series is consistent with the predominance of maximum depositional ages
between 2135-2125 Ma, and the magmatic age of a volcaniclastic succession in the Chako series that has been dated
to 2129±7 Ma (SHRIMP on zircon, Block et al., 2016b). Furthermore, the small size of these units also seems
incompatible with a prolonged period of sedimentation, particularly as this would have required that the specific
fluvial-lacustrine-deltaic depositional conditions were maintained for 20-30 Myr. While it cannot be excluded that
some units with older maximum depositional ages – such as the minor Axim, Bibiani or Kibi series (fig. 13) – may
have been deposited at an earlier stage, the existing data remains limited, and it should not be ruled out that these
units were in fact contemporaneous with the larger Tarkwa, Bui and Koun-Tanda-Zanzan series. The regional pulse of
sedimentation and volcanism between ca. 2165-2125 Ma coincided with both regional compressive deformation and
extension in eastern Baoulé Mossi (fig. 13d, e.g. Feybesse et al., 2006a; Perrouty et al., 2006; Baratoux et al., 2011;
Block et al., 2016a). The overlap suggest a dynamic coupling, whereby compression triggered extension that
generated the depocentres in which the volcano-sedimentary series were deposited. In this context, a late
appearance of shallow water series would be consistent with a progressive crustal uplift within the orogenic system
during the course of the Eburnean Orogeny.
In eastern Baoulé Mossi, the only exceptions to the aforementioned pattern of sedimentation and volcanic
activity are the younger population of sample MG2, and the single grain analyzed in sample MG96. However, this
divergence is also dependent on whether they are interpreted to reflect a young detrital population, or a postdepositional metamorphic-hydrothermal overprint. The latter would provide a minimum age for the volcanosedimentary units, and be consistent with the timing of regional metamorphism and magmatism in the southeastern
Baoulé Mossi domain (fig. 13d, e.g. Feybesse et al., 2006; Perrouty et al., 2012). However, this would require that the
young zircon populations from samples MG2 and MG96 were affected by a process that could consistently shift the
Th and U concentrations to their current relatively consistent values. The other alternative is that the samples reflect
remnants of terrestrial sedimentation that coincided with the Eburnean Orogeny, and where the local tectonic
setting allowed for rapid burial. This also implies that detrital zircon grains of this age and U-Th composition
dominated the surface environment of southeasternmost Baoulé Mossi at the time of deposition. Further work is
required to unravel the history of sedimentation in the southeasternmost section of the Baoule Mossi domain, and
its relationship to the Eburnean Orogeny.

2.6.1.2. Minimum age of deposition
The minimum ages of the volcano-sedimentary series from which the analyzed samples were obtained are
constrained by a range of ages obtained from cross-cutting intrusions, and by the timing of metamorphism and
deformation (outlined in table 1, and appendix A). Even though some units may lack direct age constraints, a lower
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age limit can nevertheless be inferred through correlation with regional deformation events. Based on these
constraints, there appear to be a regional diachroneity in the distribution of minimum ages between the different
series, which contrasts with the more evenly distributed maximum depositional ages. In the east-central Baoulé
Mossi domain, covering the region north of the Bui series in figure 3, the peak regional metamorphism is constrained
to ca. 2150-2130 Ma (Block et al., 2016b), which coincided with volcanism, sedimentation and emplacement of
intrusions within the volcano-sedimentary series between 2145-2118 Ma, and with later limited magmatism lasting
until ca. 2100 Ma (Agyei Duodo et al., 2009; Block et al., 2016a). Based on the youngest pulse of magmatism
recognized within the Maluwe series, its minimum age is constrained to ca. 2122-2118 Ma (de Kock et al., 2011;
Block et al., 2016a). As discussed above, the apparent emplacement of an intrusion at 2145 Ma in the Tinga series
provides an older minimum age for that unit, and support a scenario with prolonged sedimentation. In contrast to
east-central Baoulé Mossi, the minimum ages constrained by deformation and magmatism are distinctly younger in
the southeast.
In the Tarkwaian series, a gabbro sill has been dated to 2102±13 Ma (n=12, MSWD=0.41, Adadey et al., 2009),
and the emplacement of mafic dykes in the Tarkwaian series has also been proposed to be syn-deformational, on the
basis of variably offset dykes in the Damang deposit (White et al., 2015). In the Kumasi series, a range of intrusives
have been dated to between 2116 and 2104 Ma (Hirdes et al., 1992; Oberthür et al., 1998; Adadey et al., 2009),
which is also interpreted to have been broadly contemporaneous with the onset of deformation affecting this unit
(Adadey et al., 2009). In addition, there is also a later pulse of minor intrusives in the Kumasi series dated to 20982092 Ma (Losiak et al., 2013). In the Sunyani-Comoé series, a range of intrusions have been dated to between 2095
and 2080 Ma (Hirdes et al., 1992; Zitzmann, 1997; Hirdes et al., 2007; Petersson et al., 2016). There is little
geochronological data available on intrusions that clearly cross-cut the Akyem and Cape Coast series, which hampers
attempts to directly constrain their minimum ages. However, they seem to have been affected by the same regional
deformation event recorded in the Tarkwaian and Kumasi series at around 2120-2070 Ma (e.g. Eisenlohr and Hirdes,
1992; Feybesse et al., 2006a; Perrouty et al., 2012). Within the Cape Coast domain, a series of ages have been
obtained from 2189 to 2080 Ma (e.g. Hirdes et al., 1992; Agyei Duodo et al., 2009), where the oldest intrusion that
postdates the maximum depositional age of samples MG6 and MG96 is dated concordantly to 2125±18 Ma (n=3,
MSWD=1.18, Petersson et al., 2016). However, this age occurs within a larger granitoid-gneiss domain, and it is not
clear whether it post- or pre-dated the deposition of the Cape Coast and Akyem series. Altogether, the available
geochronological data indicate a diachronous but partially overlapping migration of the minimum ages for the main
volcano-sedimentary series of east-central and southeastern Baoulé Mossi. As discussed above, the younger
population in sample MG2 and the single grain in sample MG96 could be interpreted as recording a metamorphic
overprint. This is consistent with higher metamorphic grade of the series in the southeasternmost section of the
Baoulé Mossi domain, as well as the greater degree of discordance among samples MG2, MG6 and MG96 and
MG101. Such an interpretation would allow for the ages to be used to directly constrain the minimum ages of
samples MG2 and MG101 to ca. 2100 Ma.
The detrital zircon from the Cape Coast (MG6) and Akyem (MG96) series are characterized by abundant thin
and porous overgrowths (figs. 10 and 12). The processes related to the development of these overgrowths are
unclear. However, they could potentially be linked to the widespread emplacement of pegmatites that are spatially
associated with the Akyem and Cape Coast series (Chalokwu et al., 1997; Agyei Duodu et al., 2009). Some of these
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Fig. 14. The distribution of age populations defined by detrital zircon from this study (see section 5), relative to the spatiotemporal distribution of U-Pb and Pb-Pb
zircon ages from magmatic rocks in the Baoulé Mossi domain. The distribution of the detrital zircon is consistent with primar ily being derivation from relatively local
sources in the eastern Baoulé Mossi domain. See further discussion in section 6.2.1. The geochronological data on the magmatic rocks is presented in appendix C.

pegmatites contain economically important Nb-Ta mineralization, and columbite from the Kokobin deposit has been
dated to between ca. 2085-2070 Ma (U-Pb TIMS and LA-ICPMS, Melcher et al., 2015), providing a broad temporal
constraint on fluid flow in the region. A genetic relationship would account for the pronounced development of the
overgrowths in samples MG6 and MG96 relative to detrital zircon obtained from other series, although further
studies are required to determine if this is indeed the case.

2.6.2. Source of detrital components
2.6.2.1. Paleoproterozoic
2.6.2.1.1. <2270 Ma
The detrital zircon populations of the samples analyzed in this study are either exclusively or dominantly comprised
of zircon grains that define age populations that range between 2240-2130 Ma. This range is comparable to the
range of ages previously obtained from detrital zircon (cf. fig. 13) using TIMS (e.g. Davis et al., 1994; Oberthür et al.,
1998; Hirdes et al., 2007) and SHRIMP (Pigois et al., 2003). The age populations defined by the detrital zircon show a
range that is comparable to published magmatic zircon ages within older volcanic series and granitoid-gneiss
domains in the eastern section of the Baoulé Mossi domain, while being distinctly different from those in the west
(fig. 14). This indicates that the bulk of the detrital zircon, and by extension the clastic sediment of the volcanosedimentary series, were derived from relatively proximal sources adjacent to the depocentres. However, given that
magmatic activity was broadly contemporaneous across the eastern Baoulé Mossi domain prior to and during
sedimentation, it is not possible to make more detailed correlations between the zircon populations and their
potential source regions on the basis of their Paleoproterozoic ages. This is further compounded by the fact that
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large areas that could have potentially contributed material during sedimentation are either covered by later
sedimentary successions, or were displaced during the development of the Neoproterozoic mobile belts that border
the WAC.
2.6.2.1.2. >2270 Ma
In addition to the dominant population of detrital zircon between ca. 2240-2130 Ma, there are also a few grains that
yield older Paleoproterozoic ages (fig. 15a, ranging from 2267±23 (MG54), 2276±26 (MG6), 2288±38 and, 2306±15
(MG16), as well as cores with ages of 2274±30 and 2281±33 (both in sample MG6) and 2408±32 Ma (MG101).
Together, they indicate an input from a source that contain Paleoproterozoic siliceous rocks that predate the oldest
known rocks from sWAC, which are located in northeastern Baoulé Mossi and dated by Tshibubudze et al. (2013) to
ca. 2255 Ma. This range of Early Paleoproterozoic ages have also been reported in other studies from sWAC (fig.
15b), including xenocrystic zircon grains in northeastern Côte d’Ivoire (2312±17 Ma, SIMS, Gasquet et al., 2003) and
Ghana (2270-2500 Ma, SHRIMP, de Kock et al., 2011; Block et al. 2016a), detrital zircon in Birimian sediment from
Niger (ca. 2273-2278 Ma, TIMS, Soumaila et al., 2008) and Burkina Faso (ca. 2270 Ma, SHRIMP, Tshibubudze et al.,
2013), and as detrital zircon in stream sediment from both eastern and western Baoulé Mossi (ca. 2260-2400; LAICPMS, Kristinsdottir, 2013; Parra-Avila et al., 2016a). Although magmatic rocks with such ages are not known from
within the WAC, they have been reported from several localities in South America (fig. 15c-d), including the Bacajá
domain of the Guaporé Shield in the Amazon Craton (Vasquez et al., 2008; Macambira et al., 2009), the Médio
Coreaú domain of the northwestern Borborema belt (Santos et al., 2009), as well as the Goiás massif (Fuck et al.,
2014; de Sousa et al., 2016) and Mineiro belt (Rosa Sexias et al., 2012; Texeira et al., 2014) along the margins of the
São Francisco Craton. These older occurrences are typically associated with younger magmatic rocks recording ages
between 2260-2050 Ma, suggesting that their evolution was coupled with the Birimian Orogen in sWAC. The best
example of a connection between the occurrences of Early Paleoproterozoic crust and equivalents to the Birimian
crust in sWAC can arguably be found in the Amazon Craton, which is commonly portrayed as having been connected
with the southern margin of the WAC in the Paleoproterozoic (e.g. Onstott et al., 1984; Nomade et al., 2003;
Johansson, 2009). There, the Bacajá domain in the Guaporé Shield contains a mixture of Paleoproterozoic crust
dated between 2400-2050 Ma (Vasquez et al., 2008; Macambira et al., 2009), interspersed with the variably
reworked Archean Amapá (Rosa-Costa et al., 2006) and Carajas (de Souza et al., 2001; Almeida et al., 2011) blocks
(fig. 15d). The northwestern Guyana Shield, which reconstructions suggest was the direct continuation of the
Birimian crust in sWAC, is composed of small Archean blocks separated by a larger domain of Paleoproterozoic crust
equivalent in age to the Birimian crust in sWAC (e.g. Delor et al., 2003). Given their apparent close relationship with
younger crust equivalent to that in the Baoulé Mossi, it seems reasonable to infer that the Early Paleoproterozoic
domains in South America could originally have belonged to the same orogenic system as the Birimian Orogen in the
WAC, and provided the source region of Early Paleoproterozoic detrital and xenocrystic zircon recognized in this and
earlier studies. The Early Paleoproterozoic domains in South America may originally have been located to the east or
southeast of the Baoulé Mossi domain, which would be consistent with the proposed configuration between the
WAC and the Amazon Craton, as well as the general westward-directed migration of orogenic activity previously
recognized within sWAC (Feybesse and Milési, 1994; Hirdes et al., 1996; Hirdes and Davis, 2002; Parra-Avila et al.,
2017).
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Fig. 15. A) A pre-Atlantic reconstruction of Africa and South America, showing the location of domains in South America that contain magmatic rocks dated between
ca. 2.45-2.27 Ga, and which could have been the source of early Paleoproterozoic detrital and xenocrystic grains in WAC. These include the Bacajá domain of the
Guaporé Shield in the Amazon Craton (Vasquez et al., 2008; Macambira et al., 2009), the Médio Coreaú domain of the northwestern Borborema belt (Santos et al.,
2009), the Goiás massif in the Brasilia belt (Fuck et al., 2014; de Sousa et al., 2016), and the Mineiro belt along the southern margin of the São Francisco Craton (Rosa
Sexias et al., 2012; Teixeira et al., 2014). Geological maps mainly after Fraga et al. (2009), Macambira et al. (2009), Milési et al. (2004), and Aguilar et al. (2017). B)
Probability histograms of the distribution of >2200 Ma zircon grains obtained from detrital zircon in this study. C) Probability histogram of published >2200 Ma
xenocrystic zircon from within the eastern Baoulé Mossi domain (see appendix C for references). D) Probability histogram of published magmatic U-Pb and Pb-Pb
zircon ages from the Carajas block (de Souza et al., 2001; Almeida et al., 2011), Bacajá domain (Vasquez et al., 2008; Macambira et al., 2009), Amapá block (RosaCosta et al., 2006), and Médio Coreaú domain (Santos et al., 2009). These show a comparable distribution to the Early Paleoproterozoic and Archean zircon grains
reported from eastern Baoulé Mossi. These domains, or equivalent extensions, may have been situated to the current east of the Baoulé Mossi during the Eburnean
Orogeny and acted as the source for the older zircon grains. See further discussion in section 6.2. Abbreviations: A – Amapá block; AC – Amazon Craton; Ba – Bacajá
domain; Ca – Carajas block; G – Goiás massif; Gu – Guapore Shield; Gy - Guyana Shield; M – Mineiro belt; MC – Médio Coreaú domain; ML – Man-Leo Shield; SFC – São
Francisco Craton; WAC – West African Craton

2.6.2.2. Archean
Early work on the geochronology and isotopic composition of Birimian crust indicated restricted input from older
Archean crustal sources along the margin of the Archean Man Craton (Milési et al., 1989; Boher et al., 1992) and in
the southeastern Baoulé Mossi domain (Leube et al., 1990). Since that early work, there have been an increasing
number of studies that have also recognized the presence of Archean material within the Birimian crust, either as
detrital zircon grains (e.g. Pigois et al., 2003; Lebrun et al., 2016), xenocrystic cores (de Kock et al.., 2011), or in the Hf
-composition of zircon grains with Paleoproterozoic crystallization ages (e.g. Parra-Avila et al., 2016a; Petersson et
al., 2016, 2018a). Detrital zircon analyzed as part of this study have also contained grains with Archean ages. These
occur predominantly as xenocrystic cores with magmatic rims (see section 2.5), and record ages ranging between ca.
2700-2500 and 3100-2900 Ma (fig. 15a). The samples that include zircon grains with Archean ages are all obtained
from sedimentary series to the SE of the Ashanti series, including Akyem (MG96), Cape Coast (MG6), Kibi (MG101)
and Winneba (MG2). Previously, Pigois et al. (2003) also obtained a SHRIMP age of 3092±22 Ma from one grain in
the Tarkwaian series. However, within eastern Baoulé Mossi, no Archean detrital zircon have been obtained from
any sedimentary series to the northwest of the Ashanti belt, either in this or earlier studies. The localization of
Archean grains to the southeasternmost section of the Baoulé Mossi domain is compatible with the presence there
of the Birimian Winneba granite, from which Petersson et al., (2018a) recently obtained a concordant age of 2139±6
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Ma (SIMS on zircon, n=4, MSWD=1.1). The Winneba granite has been shown to have Sm-Nd whole rock (2600 Ma,
Leube et al., 1990) and Lu-Hf zircon (2780-3230 Ma, Petersson et al., 2018a) model ages compatible with derivation
form Archean source rocks. In addition to the Winneba granite, Petersson et al. (2018a) also found that several other
samples with crystallization ages between 2200-2130 Ma from the same region recorded Lu-Hf zircon model ages
ranging from ca. 2400-2800 Ma, further indicating an input from an Archean component. The range in model ages
obtained by Petersson et al. (2018a) matches the range of Archean ages obtained from the detrital zircon grains in
this. Furthermore, the ca. 2140 Ma age of the Winneba intrusion overlaps with the

207

Pb/206Pb ages obtained from

the magmatic rims of Archean xenocrysts in sample MG6, dated to 2157±27 (concordant) and 2148±20
(subconcordant) Ma. Together with their close spatial relationship, this data could be taken to indicate that the
Archean grains in samples MG2, MG6, MG96 and MG101 were sourced locally from somewhere in the southeastern
section of the Baoulé Mossi domain. However, some uncertainties remains regarding the source of the detrital
Archean zircon grains. One is that Petersson et al. (2018a) did not encounter xenocrystic zircon in any of the samples
they analyzed, suggesting that the Archean detrital grains with magmatic ages obtained in this study were derived
from other intrusions, but which have similar crystallization ages. This also means that the magmatic ages of the
intrusions with Archean model ages obtained by Petersson et al. (2018a) cannot be used as a proxies to constrain the
maximum depositional age of the sediment that contain Archean zircon grains. Another uncertainty concerns the
lack of coupled Lu-Hf data on the detrital zircon analyzed here, which means that although their ages overlap with
the model ages of the intrusions, it remains unclear whether they have a matching isotopic composition. This leaves
open the possibility that the Archean zircon grains were derived from crust that was located outside of the present
day WAC. One alternative is that they were derived from the Archean Amapá (Rosa-Costa et al., 2006) and Carajas
(de Souza et al., 2001; Almeida et al., 2011) blocks in the Amazon Craton (fig. 15d), which record magmatic zircon
ages with a comparable range to those seen among the detrital zircon in the Baoulé Mossi domain. These are also
spatially associated with the Bajacas domain that recording Early Paleoproterozoic magmatic activity (fig. 15d, see
also section 2.6.2.1.2, Vasquez et al., 2008; Macambira et al., 2009), which supports an interpretation in which this
region or its extension was adjacent to the current east-southeastern margin of the WAC during the Eburnean
orogeny.

2.6.3. Regional correlations within the southern WAC
Hirdes et al. (1996) and Hirdes and Davis (2002) first noted the apparent diachronous deposition of volcanosedimentary series during the Eburnean Orogeny, which follows the overall westward-migration in magmatic and
orogenic activity recognized within the Baoulé Mossi domain of sWAC (Feybesse and Milési, 1994; Hirdes et al.,
1996; Hirdes and Davis, 2002, Parra-Avila et al., 2017). This observation is further supported by the data obtained as
part of this study, along with other detrital zircon datasets that have been published since the pioneering work by
Hirdes et al. (1996) and Hirdes and Davis (2002). A chart depicting the temporal distribution of the major Eburnean
supracrustal units is shown in figure 16, and is based on the existing temporal constraints outlined in table 1 and
appendix A. Eburnean successions located in eastern sWAC exhibit maximum depositional ages ranging from ca.
2165 to 2130 Ma, and minimum ages from 2120-2095 Ma, based on the ages of cross-cutting intrusions and the
timing of tectonothermal activity. With the exception of samples MG2 and MG96 analyzed here, the absence of
<2130 Ma detrital zircon populations from volcano-sedimentary series in eastern Baoulé Mossi is striking, given the
widespread emplacement of intrusives across the Baoulé Mossi domain at this time (fig. 1). This suggest that after
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Fig. 16. A regional correlation chart of the timing of sedimentation, volcanics, emplacement of intrusives, and tectonothermal events in the Baoulé
Mossi domain of sWAC and the São Luís Craton. Volcanic and detrital data based as in figures 2-3, table 1 and appendix A. Intrusive U-Pb and PbPb ages as in figure 16 and appendix C. The bulk of volcanic activity and sedimentation appear to have occurred earlier in eastern Baoulé Mossi
and the SLC, compared with the Birimian crust in west-northwestern Baoulé Mossi. The trend is also reflected in the emplacement of intrusives.
Based on this regional distribution it is proposed that the supracrustal sequences between 2160 and 2060 Ma within Birimian Supergroup can be
divided into two groups, named the Bandamian and Comoian. The Bandamian Group encompasses those volcanic and volcano-sedimentary
successions deposited between 2160-2120 Ma, whereas the Comoian Group includes those formed between 2120-2060 Ma. The former group
was contemporaneous with the onset of regional compressive deformation in east-central Baoulé Mossi (Block et al., 2016a), while deposition of
the latter group coincided with the compressive deformation in the southeast (Perrouty et al., 2012). The relative timing between deposition and
tectonothermal activity suggest a dynamic coupling. The prevalence of large shallow water series in eastern Baoulé Mossi, along with an earlier
onset of widespread sedimentation and magmatic activity, suggest that this area was situated in the hinterland of the orogenic system, while west
-northwestern Baoulé Mossi assumed a foreland position. See further discussion in section 6.3.

2130 Ma, the eastern Baoulé Mossi domain was characterized by terrestrial conditions and a tectonic environment
that did not allow for the deep burial of any significant supracrustal successions.
The early period of sedimentation characterizing the eastern Baoulé Mossi domain is contrasted with the
presence of younger apparent depositional ages of units from the western Baoulé Mossi domain (fig. 16). These have
maximum depositional ages ranging from 2165-2139 Ma to 2125-2100 Ma in the Dialé-Daléma and Kofi series, and
from 2113 to 2107 Ma in the Siguiri and Hana Lobo-Bandama-Banfora series, respectively. In addition, the small
volcanic Falémé, Keniero and Niandan units contain volcanic rocks dated to 2100-2085 Ma. In the same region, some
authors have also reported the presence of volcanics or detrital zircon with ages around 2065 Ma (fig. 2, Milési et al.,
1989; Abouchami et al., 1990; Thiéblemont et al., 2010), which have also been recognized in the São Luís Craton
(Klein et al., 2009). Taken at face value, these ages suggest multiple periods of deposition within the western Baoulé
Mossi domain, which at least locally overlapped with deposition in the east. Nevertheless, the common occurrence
of samples yielding younger depositional ages also indicates that sedimentation continued for a longer period of
time in the west, even as the sedimentary series in the east where affected by deformation and emplacement of
intrusives. The diachroneity in sedimentation is also comparable to that exhibited my magmatic rocks from eastern
and western Baoulé Mossi (cf. fig. 14).
Hirdes et al. (1996) introduced the Birimian and Bandamian subprovinces, which they used to distinguish
between supracrustal sequences in a dominantly older eastern domain (Birimian) and dominantly younger western
domain (Bandamian). These authors proposed that the boundary between these domains roughly followed the
Ouango-Fitini shear zone, which runs parallel with the Haute Comoé-Bambela series (see fig. 1). Although these
terms have not been used here where all volcano-sedimentary series are grouped as Eburnean series (of the Birimian
Supergroup), the younger pulse of sedimentation in the western Baoulé Mossi domain (and including the Sambrigian
series) could also be referred to as Bandamian, to distinguish them from the older series located in the east and
locally in the west (such as in the KKI). In this respect, the older Birimian and younger Bandamian series would be
part of two distinct groups. However, including a Birimian Group within the Birimian Supergroup would introduce an
unnecessary element of confusion, and it may perhaps be more appropriate to refer to the older group as the
Comoian after the major Comoé river in eastern Côte d’Ivoire, in the same manner that the Bandamian is named
after the Bandama river (Hirdes et al., 1996, both rivers also give their name to volcano-sedimentary series in each
respective group). This is also how it is shown in figure 16, although such a subdivision will eventually also have to be
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extended to contemporaneous volcanic and volcano-sedimentary successions within other volcanic series, which
have not been considered in this study. Given their temporal overlap, deposition of the Comoian Group may be seen
as tectonically linked to the onset of compression in NW Baoulé Mossi at around 2.16-2.15 Ga (Baratoux et al., 2011;
Block et al., 2016b; Tshibubudze et al., 2016), whereas the younger Bandamian Group may be linked to the onset of
later compression at 2.12-2.10 Ga recognized across southeastern to northwestern Baoulé Mossi and in the
Kedougou-Kéniéba Inlier (Feybesse et al., 2006a; Perrouty et al., 2012; Masurel et al., 2017). This was also
accompanied by a younger pulse of magmatic activity, with a peak between ca. 2100-2080 Ma (fig. 14).
The westward migration of sedimentation that is indicated by maximum and minimum depositional ages (fig.
16) also appears to be accompanied by a shift in the style of sedimentation. Specifically, carbonate sequences
described variably as marbles (Lebrun et al., 2016), limestone (Ledru et al., 1991) or dolomitic marls (Lambert-Smith
et al., 2016) have been reported from the Siguiri, Kofi, Falémé and Dialé-Daléma series in the western Baoulé Mossi
domain, but are not known from any of the Eburnean series to the east of Siguiri (fig. 16, table 1). The carbonates
have been proposed to form a regional stratigraphic marker (Milési et al., 1989) and are constrained in the Siguiri
series to have been deposited after 2113-2111 Ma (Lebrun et al., 2016). Meanwhile, sedimentary series that are
dominantly characterized by shallow water sedimentation – such as Tarkwa, Koun-Tanda-Zanzan, and Bui – appear
to be more common among the older (2165-2130 Ma) series in eastern Baoulé Mossi. Although there are sequences
within the western series that have been interpreted to have been deposited in shallow water conditions, such as
the Ouézomon unit in the Bagoé-Boundiali series (Turner et al., 1993; Turner, 1995) or the fluvio-deltaic units
reported from the Dialé-Daléma and Falémé series (Ledru et al., 1991; Diene et al., 2015), they are relatively small
compared to e.g. the larger Tarkwaian and Bui series in the east. There therefore appears to be a case where early
sedimentation in the east involved an important component of shallow water sedimentation in terrestrial fluviallacustrine-deltaic settings, whereas later sedimentation to the west included deposition of carbonates and
development of minor volcanic units (Falémé, Niandan, and Keniero), with more limited deposition in shallow water
settings. The Hana Lobo-Bandama-Banfora and Boundiali-Bagoé-Diaouala series appear to assume an intermediate
position between the eastern and western series, in that they were deposited late (<2107-2100 Ma) but appear to
lack carbonate units.
Given the differences between the eastern and western sections of the Baoulé Mossi domain, it is relevant to
discuss what factors may have ultimately contributed to this dichotomy. A key aspect is arguably the overall
westward-directed migration in magmatism, deformation and metamorphism, which was contemporaneous with
the westward shift in sedimentation. This suggest that the eastern section of Baoulé Mossi was affected by
convergence at an earlier stage than the western section, which would have been located in a more distal forelandtype position at that point. The terrestrial style of sedimentation characterizing the eastern section of the Baoulé
Mossi domain could therefore reflect its apparent position within the hinterland of the orogenic system (fig. 16).
Meanwhile, the deposition of carbonates in the west – which implies periods with limited clastic input to the
depocentre – would be more fitting for a foreland-type environment, rather than within the main collisional orogenic
system where clastic material could be expected to be readily available. In the Siguiri district, Lebrun et al. (2016)
reported the occurrence of a marble/limestone unit overlain by a conglomeratic unit interpreted as a deep-water
olistostrome debris flow. The appearance of this unit was suggested by the authors to reflect the onset of tectonic
activity during the early stages of the convergence affecting this area. The later appearance of volcanic units in Siguiri
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series and regionally within the Niandan, Keniero and Falémé series would be another expression of the increasing
effect of westward-directed convergence within western Baoulé Mossi, which was also associated with deformation
and emplacement of intrusive rocks (cf. e.g. Ledru et al., 1991; Egal et al., 2002; Lahondère et al., 2002; Lebrun et al.,
2016; Masurel et al., 2017).

2.7. Conclusions
The maximum depositional ages of the major volcano-sedimentary series in the east-southeastern section of the
Baoulé Mossi domain are constrained to between ca. 2165-2130 Ma, with minimum ages from 2120-2100 Ma
provided by regional tectonothermal activity and emplacement of intrusives. In more detail, large deep water series
appear to have been characterized by a prolonged depositional interval from 2165-2130 Ma, whereas deposition of
spatially restricted shallow water series occurred over a shorter period of time, between ca. 2135-2125 Ma. The
deposition of the volcano-sedimentary series in the southeastern Baoulé Mossi domain coincided with the onset of
compression in the northeast that was related to the Eburnean Orogeny. This indicate a dynamic coupling, where the
establishment of depocentres in the southeast was triggered by compression in the northeast. The detrital zircon
population of the analyzed samples is consistent with being largely sourced from crust equivalent to that exposed in
the eastern Baoulé Mossi domain. However, a subset of grains and xenocrystic cores with Early Paleoproterozoic
(>2270 Ma) or Archean ages indicate an input from crustal domains equivalent to the Bacajas and Carajas domains in
the Amazon Craton of South America (e.g. Vasquez et al., 2008; Macambira et al., 2009), which could have been
situated to the current east or southeast of the Baoulé Mossi domain. From a regional perspective, the ages
obtained during this study, combined with published data, lends further support to the observation by Hirdes and
Davis (2002) that sedimentation was diachronous within the Birimian Orogen of sWAC, with older units located in
the east and younger to the west. This shift also appear to be accompanied by a shift in the style of sedimentation,
with large shallow water series more common in the east, while carbonate sequences are restricted to the west. This
may reflect the different relative positons of the eastern and western sections of the Baoulé Mossi domain during
the Eburnean Orogeny, where the former was situated in the hinterland region, whereas the latter was located in a
foreland-style setting.
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Chapter 3. A geodynamic model for the Paleoproterozoic (ca.
2.27-1.96 Ga) Birimian Orogen of the southern West African
Craton – insights into an evolving accretionary-collisional
orogenic system
Abstract
This study presents an updated geodynamic model for the 2270-1960 Ma Birimian Orogen in the southern West
African Craton (sWAC), which form part of a large accretionary-collisional orogenic system that extends into the
Reguibat shields in northern WAC and southwards into equivalent crust in the Amazon Craton. The early evolution of
the orogen was characterized by deposition of volcanic-volcanosedimentary successions and emplacement of limited
intrusives, with a significant contribution from juvenile sources. This was followed by a collisional phase, associated
with the deposition of large volcano-sedimentary and siliciclastic successions in both deep and shallow water
conditions, along with ongoing volcanic activity and widespread emplacement of compositionally diverse intrusives.
This occurred contemporaneously with deformation, regional greenschist-amphibolite facies metamorphism and
juxtaposition of high and low-grade crustal domains, during what is referred to as the Eburnean Orogeny. A key
aspect of the collisional phase is its diachronous nature, with the main period of magmatism, sedimentation and
tectonothermal activity occurring around ca. 2160-2100 Ma in eastern sWAC, and between ca. 2120-2070 Ma in the
west.
The model envisions that the crust related to the accretionary phase formed in an elongate archipelago-style
volcanic arc system, where juvenile crustal domains were juxtaposed with older continental fragments. The
diachronous collisional phase is explained by largely continuous NW-directed (present-day orientation) convergence
that affected the Birimian orogenic system, and which is inferred to reflect regional plate motions. The onset of the
collisional phase in eastern sWAC is constrained to ca. 2200 Ma, which is marked by a gradual increase in the
abundance of intrusives. However, its peak was not reached until 2160-2130 Ma, at which point the Birimian crust
was affected by high-grade metamorphism. Continued NW-directed convergence drove the progressive westward
shift in orogenic activity. A significant aspect of the model is the interplay between compression and extension,
within the context of the overall NW-directed convergence that affected the system. Compression in response to
convergence led deformation of the Birimian crust, but also triggered multiple periods of regional transtension,
which led to the establishment of major structures, juxtaposition of high and low grade terranes, creation of basins
in which supracrustal sequences were deposited, and establishment of magmatic and hydrothermal systems. These
were subsequently overprinted and reactivated by deformation related to continued compression and convergence.
The alternation between compression and extension within the context of regional convergence was a key factor in
driving the evolution of the Birimian Orogen, and establishing the architecture of the crust exposed in sWAC.
The end of orogenic activity in sWAC was marked by a progressive and diachronous decrease in magmatism,
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sedimentation and tectonothermal activity between 2100-2050 Ma and Ar-Ar cooling ages on amphibole and mica
between ca. 2050-1960 Ma, which coincided with the migration of orogenic activity outboard to the crust preserved
in sWAC, including domains in the Reguibat Shield and the Amazon Craton. It is argued that the evolution of the
Birimian Orogen in sWAC occurred in a paleogeographic setting comparable to that of the modern day Philippine
archipelago in SE Asia, where the current N-NNE directed motion of the Indo-Australian plates would be comparable
to the proposed NW-directed convergence proposed here for the Birimian orogenic system. Such a setting provides
an environment for formation of large amounts of arc-related volcanic and volcanosedimentary successions in a
range of depositional environments, as well as the potential for significant input of juvenile material. On a regional to
global scale, plate tectonics may thus have operated in a manner comparable to today. However, the apparent
absence of blueschists, boninites and complete ophiolitic sections in the Birimian Orogen, together with the
presence of rare komatiites, indicate the effect of secular changes on a local scale.
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3.1. Introduction
Modern orogenic belts constitute vast systems, stretching over hundreds to thousands of kilometers and with
histories that span 10s to 100s of millions of years, during which they experience spatiotemporally complex and
diachronous histories (e.g. Dickinson, 2004; Windley et al., 2007; Cawood et al., 2009; Searle et al., 2011). These may
range from accretionary settings where buildup of volcanic arc systems and amalgamation of older terranes are the
dominant processes, to collisional orogens where an assemblage of accreted terranes are subjected to reworking
between converging continental blocks. Throughout their history, features that developed during the early stages of
an orogenic system are important for conditioning the outcome of subsequent events. The final appearance of an
orogenic belt thus represent the sum of processes that occurred over a prolonged history, even though features
related to the later events that affected the orogen in question are likely to be the most clearly expressed. The size
and complexity of these orogenic systems thus mandate that they are considered in their entirety to truly appreciate
and understand their evolution and the processes which contributed to their final appearance. This requires that
geochronological, structural, geochemical and petrological datasets from local studies, often with different scope
and focus, are brought together and reconciled with each other on an orogen-scale level. Ideally, this should also be
done within a dynamic context, where the effects of multiple deformation events and lateral displacement is taken
into account. Ultimately, this requires the development of a geodynamic model that as closely as possible try to
replicate the evolution of the orogenic system being studied.
The basement of the West African Craton is comprised of an extensive Paleoproterozoic accretionarycollisional orogenic belt that formed between ca. 2.27-1.96 Ga, and which is sutured with two Archean blocks (fig. 1,
Milési et al., 1989; Feybesse and Milési, 1994; Pouclet et al., 2006; Baratoux et al., 2011). The orogen has been
referred to both as the Birimian (e.g. Milési et al., 1992) and Eburnean (e.g. Baraotux et al., 2011), based on the
names of the main Supergroup or the regional collisional orogeny, respectively. In the following, the name Birimian
Orogen will be used to refer to the geographical extent of the system, which has been estimated to be approximately
3x106 km2 based on exposed and covered crust within the WAC (e.g. Boher et al., 1992). However, widespread
crustal domains with equivalent age and composition to the Birmian Orogen are also present in South America
(Neves, 2011), other parts of Africa (Hanson, 2003) and Eastern Europe (Bogdanova et al., 2008), and these have also
been proposed to have been adjacent to the WAC during the Paleoproterozoic (Onstott et al., 1984; Ledru et al.,
1994; Nomade et al., 2003; Johansson, 2009; Neves, 2011). This suggests that the original size of the orogenic system
to which the Birmian Orogen belonged was considerably larger. Furthermore, the presence of several locations in
South America where 2.27-1.96 Ga crust occurs together with rocks dating back to 2.40-2.27 Ga (Vasquez et al.,
2008; Macambira et al., 2009; Santos et al., 2009; Rosa Sexias et al., 2012; Teixeira et al., 2015) also indicate that its
entire evolution stretched over a period of up to 300-400 million years. The basement of the WAC has not seen any
significant reworking following its formation and stabilization at around 2.05-1.96 Ga, and is primarily exposed in two
large shields or “rises” in its northern and southern section, the former known as Reguibat and the latter variously
referred to as Man, Leo, Leo-Man or Man-Leo (e.g. Black, 1980; Cahen et al., 1984; Abouchami et al., 1990; Feybesse
and Milési, 1994; Feybesse et al., 2006; Lompo, 2010; Baratoux et al., 2011, the latter version will be used here). The
large exposures, along with limited reworking, make the shields of the WAC suitable for studying the regional
evolution of the orogenic system.
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Fig. 1. Geological map of the Man-Leo Shield in the southern West African Craton (sWAC), including Birimian crust in the Paleoproterozoic Baoulé Mossi domain, the
Kedougou-Kéniéba Inliers (KKI), and the São Luís Craton (SLC), as well as the Archean crust of the Kénéma-Man domain. Location of SLC after Klein and Moura (2008).
Inset show location of the Man-Leo Shield in the West African Craton (WAC). Map modified after Milési et al. (2004). Lithological domains: As - Ashanti series; Ba Banfora series; Bou - Boundiali-Bagoé; BB - Bole-Bulenga domain; Bog - Bougouni; Bo - Boromo series; CS - Comoé-Sunyani series; DD - Dialé-Daléma series; F-G - Fada
N’Gourma; Go - Goren series; HB - Hana Lobo-Bandama series; HC - Haute Comoé series; Ho - Houndé series; It - Ity-Toulepléu inlier; Ko - Kofi series; KT - KedougouTumu domain; Ku - Kumasi series; La - Lawra series; Ma - Maluwe series; Mak - Mako series; Na - Nangodi series; OG - Oudalan-Gouroul domain; Pl - Plutonic belt; Se Sefwi series; Si - Siguiri series; Ta - Tarkwaian series. Shear zones: A - Ashanti fault; Ban - Baning shear zone; BN - Bole-Navrango shear zone; GFB - GrenvilleFérkéssedougou-Bobodioulassa shear zone; JJ - Jiang-Jirapa shear zone; Ke - Ketesso shear zone; Ma - Markoye shear zone; N-B - N’Zi-Brabo shear zone; O-F - OuangoFitini Shear zone; Sa - Sassandra fault.

The exposed basement in the southern WAC (sWAC) consists of Birimian crust accreted against an Archean
cratonic block, where the Birimian domain is composed of an assortment of supracrustal successions and multiple
suites of intrusives that have been affected by polyphase deformation and metamorphism (e.g. Milési et al., 1989;
Feybesse and Milési, 1994; Doumbia et al., 1998; Egal et al., 2002; Pouclet et al., 2006; Baratoux et al., 2011; Block et
al., 2016a). The Birimian crust also hosts a range of mineralization, including significant orogenic gold deposits, and
less commonly VMS, Cu-Au porphyry, Fe-skarn, sedimentary Mn, and granite-pegmatite hosted metals (e.g. Milési et
al., 1989, 1992; Markwitz et al., 2016; Goldfarb et al., 2017). There is a relative abundance of lithological,
geochemical, geochronological, structural, and metamorphic data available on a regional scale from the Birimian
Orogen in sWAC, and these have highlighted trends and characteristics that need to be accounted for, including
contrasting and diachronous tectonometamorphic histories, along with spatiotemporal variations in emplacement of
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intrusives, volcanism and sedimentation (e.g. Feybesse and Milési, 1994; Hirdes et al., 1996; Hirdes and Davis, 2002;
Baratoux et al., 2011; Block et al., 2016a; Parra-Avila et al., 2017). However, it remains a challenge to relate these
different datasets to each other, and account for them as part of an evolving orogenic system. Over the years, the
Birimian Orogen has been likened to both modern and “archaic” orogenic systems (cf. e.g. Febyesse and Milési,
1994; Lompo, 2009; Vidal et al., 2009), but these models have typically been conceptual and often based on
restricted study areas or limited datasets. There is therefore a need to develop an updated model for the Birimian
Orogen that can reconcile the available regional datasets, both in order to improve the understanding of the
Birimian Orogen specifically, as well as Paleoproterozoic tectonics in general. By their nature, geodynamic models
will always be a work in progress, and an updated regional model should also help stimulate further studies in the
region, as it will help to highlight knowledge gaps that need to be filled.
The aim of this study is thus to present a model for the Birimian Orogen of sWAC that incorporates
lithological, geochronological, geochemical and tectonothermal datasets within a geodynamic context. The study
begins with an introduction to the geology of the Birimian Orogen as well as crust exposed in adjacent shields in the
northern WAC and the Amazon Craton of South America, which are relevant for understanding its evolution. This is
then followed by a section where the model is presented, by outlining spatiotemporal trends in lithostratigraphy,
magmatic and tectonothermal activity, and metallogeny that are considered key to the evolution of the Birimian
Orogen and placing these within a geodynamic framework.

3.2. Geological setting
3.2.1. The West African Craton
The West African Craton (WAC) is an elongate unit with a length reaching 2800 km and a width of up to 1600 km (fig.
1). Its basement is exposed in two major shields and a series of small inliers, and is comprised of Archean continental
blocks juxtaposed with ca. 2.27-1.96 Ga Paleoproterozoic crust belonging to the Birimian Orogen (Feybesse and
Milési, 1994; Egal et al., 2002; Peucat et al., 2005; Feybesse et al., 2006; Pouclet et al., 2006; Baratoux et al., 2011;
Lebrun et al., 2016a; Lambert-Smith et al., 2016). Both the Man-Leo and Reguibat shields are composed of a large
western Archean block that is tectonically juxtaposed with Birimian crust with few known occurrences of Archean
rocks. The Kedougou-Kéniéba (KKI, e.g. Ledru et al., 1991; Lambert-Smith et al., 2016; Masurel et al., 2017) and AntiAtlas (Thomas et al., 2004; Ennih and Liégeois, 2008) inliers in the west-central and northernmost sections of the
WAC, respectively, are comprised exclusively of Birimian crust, with no known occurrences of Archean crust. Small
exposures of Birimian crust are also present in the São Luís Craton (SLC) of northern Brazil, which formed part of the
southernmost tip of the West African Craton prior to the Mesozoic opening of the Atlantic (fig. 1, Klein and Moura,
2008). Outside of the shields and inliers, the WAC basement is covered by sedimentary sequences that are
dominantly composed of late Mesoproterozoic to Paleozoic siliciclastic deposits (Villeneuve and Cornée, 1994), but
the presence of late Paleoproterozoic (ca. 1.75 Ga) sequences in the northern WAC have also recently been
recognized (Ikenne et al., 2017). Although there is an absence of drill core data from the central Taoudeni basin to
directly confirm the nature of its basement, geophysical data indicate that it is continuous with the Birimian crust
exposed in the Man-Leo, Reguibat and KKI (Jessell et al., 2016). This carries the implication that the basement of the
WAC is predominantly composed of Birimian crust. It also means that the Archean blocks exposed in the Reguibat
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and Man-Leo shields are separate units within the confines of the WAC, consistent with the presence of Birimian
crust in the intervening KKI.
Following the end of activity related to the formation of the Birimian Orogen at around 2.05-1.96 Ga, the
basement of the WAC has been largely spared from significant reworking. Later activity include emplacement of
multiple generations of dolerite dyke swarms across the craton (Jessell et al., 2015) as well as alkaline and kimberlite
intrusions (e.g. Haggerty, 1982; Liégeois et al., 1991a; Sebai et al., 1991; Morel and Alinat, 1993; Matton and Jébrak,
2014), dating from the late Paleoproterozoic to the Mesozoic. The central section of the craton that is covered by the
Taoudeni basin has also been proposed to have been affected by limited rifting during the Meso- and
Neoproterozoic, leading to the development of grabens and aulacogens that extend from the craton boundaries
towards its interior (Toft et al., 1992; Villeneuve and Cornée, 1994; Rooney et al. 2010). Orogenic activity has
otherwise been confined to the margins of the craton, with the main phase associated with the NeoproterozoicPaleozoic assembly of Gondwana in the late Neoproterozoic (e.g. Villeneuve and Cornée, 1994). However, MesoNeoproterozoic (ca. 1.0 Ga, Villeneuve et al., 2006) and later Mesozoic-Cenozoic orogenic activity has also affected
the northern and northwestern margins of the WAC, the latter being related to the Variscan-Alleghanian orogeny
during the assembly of Pangea as well as recent Alpine orogenesis (e.g. Simancas et al., 2005; Roure et al., 2012).

3.2.2. The Birimian Orogen of the southern WAC
The Man-Leo Shield is typically divided into two domains that are referred to as Kénéma-Man and Baoulé Mossi,
respectively (fig. 1, e.g. Milési et al., 1989). The former correspond to the Paleo- to Neoarchean block in the western
section of the shield, whereas the latter cover the enveloping Birimian crust to its east and north. Given their
proximity and apparent continuity (fig. 1), the exposed Birimian crust in the KKI and the SLC are also included here in
the Baoulé Mossi domain, unless otherwise noted. The contact between the Kénéma-Man and Baoulé Mossi domain
is broadly delineated by the curved Sassandra fault (fig. 1) that runs along the margin of the Archean block,
separating it from the predominantly Paleoproterozoic Baoulé Mossi domain to the north and east (e.g. Feybesse
and Milési, 1994; Egal et al., 2002). However, restricted occurrences of Birimian crust are also present to the west of
the Sassandra fault where they are situated on the Archean basement, such as in the Ity-Toulepleu inlier (Feybesse
et al., 1990; Kouamelan et al., 1997), highlighting the transitional nature of the contact between the predominantly
Archean Kénéma-Man and Paleoproterozoic Baoulé Mossi domains. Known occurrences of Archean crust in sWAC
are largely restricted to the west of the Sassandra fault (fig. 1). However, a minor occurrence is nevertheless present
within the SASCA domain in the southwestern section of the Baoulé Mossi domain, which includes a small
occurrence of Archean crust that is separated from the main Archean block in the Kénéma-Man domain by Birimian
crust (Bard and Lemoine, 1976; Kouamelan, 1996; Kouamelan et al., 2015). Although Early Mesoarchean ages
obtained from this domain (Kouamelan, 1996; Kouamelan et al., 2015) are comparable to ages from the larger
Kénéma-Man block to the west (e.g. Thiéblemont et al., 2004; Rollinson, 2016; Eglinger et al., 2017), the two
domains are separated by a major deformation zone and Birimian supracrustal and intrusive rocks (fig. 1; e.g.
Doumbia et al. 1998; Ouattara, 1998). It is therefore unclear whether the Archean crust of the SASCA domain
originally constituted a distinct unit, or whether it is a remobilized section of the larger Kénéma-Man block.
The Birimian crust of the Baoulé Mossi domain is comprised of an assortment of volcanic, volcaniclastic and
siliciclastic supracrustal sequences, whose deposition was accompanied by emplacement of multiple suites of
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intrusives, and which have been subjected to polyphase deformation and metamorphism (Milési et al., 1989;
Feybesse and Milési, 1994; Gasquet et al., 2003; Feybesse et al., 2006; Pouclet et al., 2006; Hein, 2010; Baratoux et
al., 2011; de Kock et al., 2011, 2012; Perrouty et al., 2012; Block et al., 2016a; Lebrun et al., 2016a; Masurel et al.,
2017). The evolution of the Birimian Orogen is typically divided into an early phase characterized by crust formation
and accretion, followed by a major collisional phase during which it was affected by regional compression involving
folding, shearing and thrusting. The latter is widely referred to as the Eburnean Orogeny, whereas the earlier phase
has been referred to as e.g. the Pre-Eburnean or Eoeburnean phase. The onset of the Eburnean Orogeny varies
between different regions, with models based on studies in NE Baoulé Mossi placing it at around 2.16-2.15 Ga (e.g.
Baratoux et al., 2011; Block et al., 2016a), whereas those in the southeast (e.g. Feybesse et al., 2006; Perrouty et al.,
2012) and northwest (e.g. Liégeois et al., 1991b; Egal et al., 2002, Lebrun et al., 2016a; Eglinger et al., 2017; Masurel
et al., 2017) constrain it to around 2.12 Ga. In southeastern Baoulé Mossi, regional geodynamic models also
recognize a transitional period between the accretionary and collisional stages that involves extension and
development of volcano-sedimentary basins (Feybesse et al., 2006; Perrouty et al., 2012).
The architecture of the Birimian crust is characterized by linear or curvilinear supracrustal units oriented
parallel with major deformation zones, and often separated by large granitoid-gneiss domains (fig. 1). The eastern
half is characterized by deformation zones oriented NE-SW and N-S, with the former often bounding the latter. To
the west, the deformation zones are predominantly oriented N-S to NW-SE, with geometries that are seemingly
wrapped around the Archean block in the Kénéma-Man domain. The margin of the Kénéma-Man block, as well as
the Archean crust of the SASCA domain, were significantly reworked during the development of the Birimian Orogen
(e.g. Bard and Lemoine, 1976; Feybesse and Milési, 1994; Kouamelan et al., 1997; Pitra et al., 2010). Multiple studies
have been performed on the isotopic composition of Birimian crust, originally using Rb-Sr, Sm-Nd and Lu-Hf
systematics on whole rock samples (e.g. Abouchami et al., 1990; Boher et al., 1992; Blichert-Toft et al., 1999;
Doumbia et al., 1998; Peucat et al., 2005) and more recently with in-situ coupled U-Pb and Hf-isotopes from
magmatic (Block et al., 2016b; Petersson et al., 2016, 2018) and riverine detrital zircons (Kristinsdottir, 2013;
Kristinsdottir et al., 2013; Parra-Avila et al., 2016; Petersson et al., 2018b). Together, these indicate that the Birimian
crust contains a significant contribution of juvenile material, but in places also an important input from older
Archean crustal components. The latter has been recognized both in the northwest along the margin of the KénémaMan block (Boher et al., 1992; Parra Avila et al., 2016), but also in southeastern Baoulé Mossi (Leube et al., 1990;
Petersson et al., 2016, 2018a), where there are as of yet no known occurrences of Archean rocks. In the following
sections, different aspect of the geology of the Birimian Orogen in sWAC will be reviewed, in order to provide a basis
for the subsequent sections in which the geodynamic model is outlined.

3.2.2.1. Spatiotemporal distribution of supracrustal units
Supracrustal successions within the Birimian Orogen have been dated from ca. 2240-2060 Ma, and typically occur as
curvilinear units that are oriented parallel with major deformation zones, which may also define their boundaries
(figs. 1-3, e.g. Feybesse and Milési, 1994; Baratoux et al., 2011; Perrouty et al., 2012; Block et al., 2016a). In the
eastern and central Baoulé Mossi domain, the units are typically oriented NE-SW to N-S, while in the west they are
predominantly oriented approximately N-S to NW-SE. Over the years, the supracrustal sequences in the Birimian
Orogen of sWAC have been the subject of several different and contrasting lithostratigraphic subdivisions, which
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Fig. 2. A compilation of published geochronological data from volcanic series. Map modified after Milési et al. (2004). References: 1 – Liégeois, in Klockner (1991); 2 –
Delor et al. (2010); 3 – Dia (1988), in Gueye et al. (2007); 4 – Gueye et al. (2007); 5 – Abouchami et al. (1990), in Gueye et al. (2007); 6 – Hirdes and Davis (2002); 7 –
Milési et al., (1989); 8 – Lebrun et al. (2016a); 9 – Feybesse et al. (1999), in Lahondère et al. (2002); 10 – Bering et al. (1998), in De Waele et al. (2015); 11 – Lahondère
et al. (2002); 12 – Guerrot, in Feybesse et al. (2006b, 2006c); 13 – Armstrong, in McFarlane et al. (2011); 14 – Liégeois et al. (1991); 15 – Bossiére et al. (1996); 16 –
Castaing et al. (2003); 17 – Davis, in Schwartz and Melcher (2003); 18 – Agyei Duodu et al. (2009); 19 – Tshibubudze et al. (2013); 20 – Soumaila et al. (2008); 21 –
Abdou et al. (1998), in Soumaila et al. (2008); 22 – Kaboré et al. (2004), in Ilboudou et al. (2017); 23 – Block et al. (2016b); 24 – Hirdes et al. (1996); 25 – Lüdtke et al.
(1998); 26 – Feybesse et al. (2006); 27 – Davis, in Lüdtke et al. (1999); 28 – Leake (1992); 29 – Lüdtke et al. (1999); 30 – Klein and Moura (2001); 31 – Klein et al. (2015);
32 – Klein et al. (2009); 33 – White et al. (2014); 34 – Hirdes et al. (2007), in Agyei Duodo et al. (2009); 35 – Hirdes et al. (2007); 36 – Hirdes and Davis (1998).

have been devised for different study areas and subsequently extrapolated across the orogen (e.g. Milési et al.,
1989; Leube et al., 1990; Feybesse and Milési, 1994). For the purpose of this paper, three broad groups of
supracrustal units are recognized, corresponding to volcanic, deep water volcano-sedimentary, and shallow water
volcano-sedimentary series. However, given their complexity, each unit should ultimately be considered on its own
terms, rather than being lumped together into broad and generalized groups.
The volcanic series contain an important contribution from volcanic sources, including mafic to felsic flows
and volcaniclastics, as well as siliciclastic sequences and subordinate chemical sediment. The series include units
70

Chapter 3
such as Aurizona (Klein et al., 2009), Ashanti (Sylvester and Attoh, 1992; Dampare et al., 2008), Sefwi (Hirdes et al.,
1993), Fétékro (Mortimer, 1992; Leake, 1992), Goren (Hein et al., 2004), Oudalan-Gouroul (Tshibubudze et al., 2015),
Houndé (Baratoux et al., 2011), Katiola (Doumbia et al., 1998; Pouclet et al., 2006), Niani-Yanfolila (Lahondére et al.,
2002; Salvi et al., 2016), Niandan-Keniero (Milési et al., 1989; Tegyey and Johan 1989; Lahondére et al., 2002),
Falémé (Hirdes and Davis, 2002; Lambert-Smith et al., 2016) and Mako (Dabo et al., 2017). These have often been
referred to as volcanic “belts” (e.g. Feybesse et al., 2006; Baratoux et al., 2011) and geochronological data have
shown them to include the oldest supracrustal sequences in the Baoulé Mossi domain. Magmatic ages obtained from
flows and volcaniclastic deposits range from ca. 2240-2060 Ma, and appear to record a broad westward migration in
volcanic activity (fig. 2). The bulk of activity in eastern Baoulé Mossi occurred between ca. 2200-2130 Ma, which was
followed by a shift to the northwest around 2120-2070 Ma. However, early magmatic activity from ca. 2220 Ma has
also been recognized in this region, e.g. in Niani-Yanfolila (Lahondére et al., 2002) and Mako (Abouchami et al., 1990;
Dia et al., 1997), and there is thus no clear temporal break between volcanic series in eastern and western Baoulé
Mossi, although the older ages are found in the east, comparable to the trend that defines intrusive rocks (fig. 5,
section 3.2.2.2). While the majority of geochronological data is derived from volcanic rocks, a few detrital ages have
also been reported from northeastern Baoulé Mossi, indicating maximum depositional ages from ca. 2190-2280 Ma
(Soumaila et al., 2008; Tshibubudze et al., 2013). While it is unclear whether these are close to the true depositional
age of these sequences, their age nevertheless fit into the broad trend of older ages in the east that characterizes
the Birimian Orogen in sWAC (e.g. Feybesse and Milési, 1994; Hirdes and Davis, 2002; Parra-Avila et al., 2017, see
also sections 3.2.2.2 and 3.2.2.6).
The deep water volcano-sedimentary series are comprised of a variable mixture of greywacke, sandstone,
shale, organic matter-rich deposits, rare conglomerate and carbonates, and mafic to felsic volcaniclastics and flows.
Larger units are predominantly located in southeastern, central and northwestern Baoulé Mossi, whereas they are
largely absent from the northeast (fig. 3). Deep water series include Kumasi (Hirdes et al., 1993; Adadey et al., 2009;
Chudasama et al., 2016), Comoé-Sunyani (Alric et al., 1987; Hirdes et al., 1993; Vidal and Alric, 19994; Vidal et al.,
2009), Haute-Comoé (Vidal et al., 1996), Maluwe (de Kock et al., 2011; Block et al., 2016a), Hana Lobo-Bandama
(Doumbia et al., 1998; Ouattara, 1998), Bagoé-Boundiali (Liégeois et al., 1991b; Turner, 1993, 1995), Siguiri
(Lahondère et al., 2002; Lebrun et al., 2016a), Kofi (Lambert-Smith et al., 2016) and Dialé-Daléma (Hirdes and Davis,
2002), and have commonly been referred to as volcano-sedimentary “basins”. Some of the series, such as Kumasi
(Hirdes et al., 1993; Agyei Duodo et al., 2009), contain a significant volcaniclastic component, whereas it is largely
absent from others, such as Comoé-Sunyani (Alric et al., 1987; Hirdes et al., 1993). This suggests that the series
represent discrete depocentres, and that local controls were important in determining the style of sedimentation.
This is also indicated by the presence of subordinate carbonate units in the Siguiri (Lebrun et al., 2016a), DialéDaléma (Hirdes and Davis, 2002) and Kofi (Lambert-Smith et al., 2016) series, which are otherwise absent in eastern
Baoulé Mossi.
The shallow water series contain subaerially deposited siltstone, sandstone, conglomerate successions, as
well as occasional volcanoclastic sequences. These units include the Tarkwaian (Sestini, 1973, Hirdes et al., 1994;
Pigois et al., 2003; Perrouty et al., 2012), Bui, (Zitzmann, 1997), Koun-Tanda-Zanzan (Siméon et al., 1995), Chako
(Block et al., 2016a, 2016b), Sambrigian (Lüdtke et al., 1998), Safane-Tehini (Bossière et al., 1996; Hirdes et al., 1996;
Lütdke et al., 1999) and are interpreted to have been deposited in fluvial, lacustrine or deltaic environments. These
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Fig. 3. A compilation of published geochronological data from volcano-sedimentary series (fig. 3a), with a close-up on the southeastern Baoulé Mossi domain (fig. 3b).
Map modified after Milési et al. (2004). References: 1 – Masurel et al. (2017); 2 – Hein et al. (2015); 3 – Milési et al. (1989); 4 – Hirdes and Davis (2002); 5 – Théveniaut
et al. (2010); 6 – Lebrun et al. (2016a); 7 – Parra–Avila et al. (2017); 8 – Feybesse et al. (2006a, 2006b); 9 – Armstrong (2003), in McFarlane et al. (2011); 10 – Liégeois et
al. (1991); 11 – Bossière et al. (1996); 12 – Agyei Duodu et al. (2009); 13 – Block et al. (2016a); 14 – de Kock et al. (2011); 15 – Doumbia et al. (1998); 16 – Lüdtke et al.
(1999); 17 – Chapter 2; 18 – Siméon et al. (1995); 19 – Adou et al. (1995); 20 – Davis et al. (1994); 21 – Hirdes et al. (2007); 22 – Hirdes et al. (2007), in Agyei Duodu et
al. (2009); 23 – Adadey et al. (2009); 24 – Oberthür et al. (1998); 25 – Pigois et al. (2003); 26 – Loh and Hirdes (1999).

series are primarily located in the southeastern and central Baoulé Mossi, with only smaller occurrence of subaerially
deposited sequences reported from deep water series in the northwest (e.g. Turner et al., 1993; Turner, 1995; Diene
et al., 2015). The larger shallow water series in southeastern Baoulé Mossi are typically deposited on older volcanic
series, rather than deep water volcano-sedimentary series. Maximum depositional ages derived from detrital zircon
in deep water series indicate deposition between 2160-2130 Ma in southeastern and central Baoulé Mossi. Some
series, such as Kumasi, contain a range of maximum ages between ca. 2160-2130 Ma, and it cannot be ruled out that
the older ages are only apparent, with the younger being closer to the true age of deposition. However, the constant
magmatic activity throughout this period – constrained by U-Pb zircon ages on both volcanic and intrusive rocks (figs.
2-3) – would have allowed for a semi-continuous input of zircon into the surface environment, and the maximum
depositional ages could therefore be expected to be relatively close to their true age (cf. Cawood et al., 2012). This
highlights how sedimentation within a given series could have occurred over a prolonged period of time. The
clustering of maximum depositional ages around 2150 and 2130 Ma also hints at two important pulses of
sedimentation with deep water series in eastern Baoulé Mossi. The latter coincided with deposition of shallow water
series, for which detrital zircon data indicate maximum depositional ages around 2135-2130 Ma, which is also
supported by the age of interbedded volcaniclastics in the Chako series (Block et al., 2016b). Although the bulk of
activity related to the deposition of deep and shallow water series between 2160-2130 Ma appear to have been
restricted to eastern Baoulé Mossi, apparent maximum ages in this range have nevertheless also been reported from
the northwest in e.g. the Dialé-Daléma and Kofi series (Hirdes and Davis, 2002; Hein et al., 2015). The only available
maximum deposition age younger than 2128 Ma in central and southeastern Baoulé Mossi has been obtained from
the small Sambrigian shallow water series along the northwestern margin of the Comoé-Sunyani series, which has a
maximum depositional age of 2115 Ma (fig. 3, Lüdtke et al., 1998). This places the Sambrigian unit as
contemporaneous with the bulk of sedimentation in the northwest, which is indicated by a range of ages from ca.
2115-2065 Ma (fig. 3). As for the older volcano-sedimentary series in the east, those in the west contain a variable
volcaniclastic and pyroclastic component mixed with siliciclastic successions (e.g. Liégeois et al., 1991b; Hirdes et al.,
2002; Lahondère et al., 2002; Lebrun et al., 2016a; Masurel et al., 2017). Several studies in this region have reported
lithostratigraphic successions with an upper volcanic unit, which may have been part of a regionally significant
volcanic pulse (Lebrun et al., 2016a), which was broadly contemporaneous with development of the minor volcanic
series in Falémé (Hirdes and Davis 2002; Lambert-Smith et al., 2016), Keniero (Milési et al., 1989; Lahondère et al.,
2002) and Niandan (Tegyey and Johan, 1990; Lahondère et al., 2002) between ca. 2100-2080 Ma. The range in ages
from the deep and shallow water series indicate that the bulk of deposition began earlier in the east and
subsequently shifted to the northwest, by which time it had ceased in eastern Baoulé Mossi (fig. 3). Overall, the
spatiotemporal trend is comparable to that among the volcanic series (cf. figs. 2 and 3).
Volcanic activity was present throughout the evolution of the Birimian Orogen in sWAC, although its spatial
distribution varied, as indicated by the available geochronological data (figs. 2-3). Early volcanic rocks that formed
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Fig. 4. Geochemical data on volcanic rocks from the broadly constrained accretionary (>2.15 Ga) and collisional (<2.15 Ga) phases of the Birimian Orogen, screened to
only include samples with LOI <5 wt.%. See appendix A for compilation of data and references. A) Fe2O3tot/(Fe2O3tot+MgO) – SiO2 diagram after Frost et al. (2001). B)
Na2O+K2O – SiO2 diagram after Le Bas et al. (1986). C) Ternary AFM diagram after Irvine and Baragar (1971). D) A/CNK – A/NK diagram after Shand (1943). E) Zr – Zr/Y
diagram after Pearce and Norry (1979). F) Th/Yb – Nb/Yb diagram after Pearce (2008). G) Rb – Nb+Y diagram after Pearce et al. (1984). H) Nb – Y diagram after Pearce
et al. (1984).

during the accretionary phase (>2.15 Ga) range in composition from basalt to andesite, dacite and rhyolite, which
together define tholeiitic to calc-alkaline trends (fig. 4a). Volcanics associated with the collisional phase (<2.15 Ga)
show comparable trends, but are also characterized by a shift towards more felsic compositions, with higher K 2O, Zr
and Th. The volcanics have compositions comparable to those found in modern subduction zones, as indicated by
various discrimination diagrams (fig. 4c-f). However, although it has been proposed that pillow basalt in association
with ultramafic complexes in e.g. the Ashanti (Attoh et al., 2006), Katiola-Marabadiassa (Pouclet et al., 2006) and
Mako (Dabo et al., 2017) series could represent ophiolitic sequences, there are no known occurrences of sheeted
dyke complexes that would be required to form a complete section (e.g. Penrose, 1972). Furthermore, other
lithologies uniquely restricted to modern subduction zones, such as boninites and blueschists, have not been
encountered in the Birimian Orogen of sWAC, although HP-LT metamorphism has been reported (Ganne et al., 2012,
2014; Block et al., 2015, 2016a). There is also a notable occurrence of a komatiite-basalt suite in the ca. 2.09-2.08 Ga
Niandan series, which includes spinifex-bearing flows (Tegyey and Johan, 1989). Among the early volcanics, there is
also a subgroup with “A-type” compositions, including higher K2O, Rb, Nb, Y and Yb, suggesting at least local
deviations from the typical “arc-like” style that otherwise dominates the Birimian volcanics (fig. 4). Meanwhile,
volcanic rocks that are enriched in K, Zr and Th have been reported from series in northwestern Baoulé Mossi at
around 2100-2090 Ma, such as Boundiali-Bagoé (Liégeois et al., 1991b), which was contemporaneous with eruption
of the spinifex-bearing komatiite-basalt suites in the Niandan series (Milési et al., 1989; Tegyey and Johan, 1989) as
well as bimodal rhyolite-basalt in Keniero (Lahondère et al., 2002) and andesite in the Falémé series (e.g. Milési et
al., 1989; Hirdes and Davis, 2002). The significant variability in the composition of the volcanic rocks during the
evolution of the Birimian Orogen suggests derivation from multiple crustal and mantle sources in a variety of
geodynamic settings.

3.2.2.2. Spatiotemporal distribution of intrusive suites
There are multiple suites of Birimian intrusives in sWAC, which record a significant spatiotemporal diversity with
regards to their composition and overall setting. The overall distribution of magmatic activity follows the same broad
westward migration that characterizes the supracrustal sequences (fig. 5), with the oldest reported intrusive rocks
being located in northeastern, east-central and southeastern Baoulé Mossi and dated to ca. 2.27-2.23 Ga
(Tshibubudze et al., 2013; Parra-Avila et al., 2017; Petersson et al., 2018a). This range of ages is broadly comparable
to that obtained from volcanic rocks, such as the ca. 2.24 Ga Aurizona Group in the SLC (Klein et al., 2009). From ca.
2.20 Ga, intrusions have been reported from across the Baoulé Mossi domain, including in the Niani-Yanfolila (ParraAvila et al., 2017) and Mako (e.g. Dia et al., 1997; Pawlig et al., 2006) series. However, the early siliceous magmatic
activity was volumetrically subordinate to the main pulse that followed between 2190-2080 Ma, based on the
abundance of magmatic zircon ages (fig. 5) and the distribution of detrital zircon populations (Kristinsdottir, 2013;
Kristinsdottir et al., 2013; Parra-Avila et al., 2016). The bulk of early magmatic activity between ca. 2190-2150 Ma is
located in NE Baoulé Mossi (fig. 5a), with significant activity also within older series and granitoid domains in the
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Fig. 5. A compilation of U-Pb and Pb-Pb zircon ages from the southern West African Craton and the São Luís Craton, subdivided into four domains (A-D) which illustrate
the progressive westward shift in the bulk of magmatic activity. See appendix B for detailed compilation.

southeast, including the São Luís Craton (fig. 5b). Following 2130 Ma, there is a gradual shift in activity towards the
southwest and west, with significant peaks in the southern and western sections of the Baoulé Mossi domain around
2100 Ma (fig. 5b-d). Following 2100 Ma, magmatic activity in the east is predominantly localized to younger volcanosedimentary units, while it remained more widespread in the northwest. After 2080 Ma, emplacement of intrusives
was largely restricted to northwestern Baoulé Mossi and the Archean-Birimian contact, which in turn had largely
ceased by 2060 Ma. Following 2060 Ma, there was only restricted magmatic activity within sWAC, including
emplacement of granites and syenites along the margin of the Archean block between 2050-2020 Ma (Thiéblemont
et al., 2004), a diamond-bearing dyke at Akwatia in southeastern Baoulé Mossi (Delor et al., 2004), and the late
Crixias microtonalite in the SLC at ca. 2.01 Ga (Klein et al., 2014). After 2.00 Ga. emplacement of intrusives had
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effectively ceased, although poorly defined Rb-Sr ages of 1938±40 Ma and 1588±75 Ma have been reported from the
Ninakri and Mt Troquai massifs in central Baoulé Mossi, respectively (fig. 5, Morel and Alinat, 1993), in addition to
the emplacement of multiple generations of Mesoproterozoic to Phanerozoic dolerite dyke swarms (e.g. Jessell et
al., 2015).
Prior to 2150 Ma, the intrusives broadly define a composite suite of biotite-amphibole and pyroxene bearing
gabbro-diorite-tonalite-granodiorite-granite, although all end-members are not necessarily present within a given
intrusive complex (fig. 6, e.g. Leube et al., 1990; Loh and Hirdes, 1999; Gasquet et al., 2003; Pawlig et al., 2006;
Baratoux et al., 2011; Tapsoba et al., 2013a; Tshibubudze et al., 2015; Block et al., 2016b). The intrusions are
predominantly magnesian to weakly ferroan, calc-alkalic and metaluminous to weakly peraluminous (ASI <1.1).
Although early Birimian intrusives have occasionally been referred to as forming part of tonalite-trondhjemitegranodiorite suites (e.g. Baratoux et al., 2011; Block et al., 2016b), there is no pronounced trondhjemitic component
on a regional scale (fig. 6e). As for the volcanic rocks, the intrusives have compositions comparable to rocks found in
association with modern subduction zones (fig. 6f-h). In northeastern and southeastern Baoulé Mossi, there is also a
subset of intrusives with predominantly ferroan compositions and high Yb, Y and Nb, and these compositions are
comparable to those seen among volcanic rocks during the accretionary phase (fig. 4). Following 2150 Ma, there is
also a broadening of the compositional spectrum towards higher K, Th and Rb contents, reflected by more
widespread emplacement of granite and monzonite (fig. 6; e.g. Liégeois et al., 1991b; Hirdes et al., 1993; Doumbia et
al., 1998; Gasquet et al., 2003; Adadey et al., 2009; Baratoux et al., 2011). There was also a shift towards more
peraluminous compositions, reflected by the emplacement of extensive Bt-Ms bearing granites in southeastern,
central and northwestern Baoulé Mossi between ca. 2095-2075 Ma (fig. 5, e.g. Doumbia et al., 1998; Ouattara,
1998; Egal et al., 2002; Hirdes and Davis, 2002; Vidal et al., 2009; Petersson et al., 2016). Overall, regional
geochemical datasets show a greater diversity with time, although there is also a considerable overlap between
older and younger intrusives (fig. 6). The increased diversity can be attributed to a maturation of the crust and
lithosphere with a development of increasingly contrasting source rocks, and further amplified by changing P-T-x
conditions in the source region of the melts.

3.2.2.3. Structural evolution
A number of studies have focused on the structural evolution of the Birimian crust in sWAC, leading to the
recognition of a history characterized by complex polyphase deformation (figs. 7-9). In the Birimian Orogen of sWAC,
most regional deformation events have been attributed to the collisional phase referred to as the Eburnean
Orogeny, which has been variably constrained to have begun at around 2160-2120 Ma, and lasted until ca. 20501980 Ma (e.g. Feybesse et al., 2006; Baratoux et al., 2011; Perrouty et al., 2012; Block et al., 2016; Masurel et al.,
2017). The timing of the onset of the Eburnean Orogeny varies regionally, being apparently earlier in northeastern
Baoulé Mossi (Baratoux et al., 2011; Block et al., 2016a) compared to the southeastern, central and northwestern
sections (Gasquet et al., 2003; Feybesse et al., 2006; Perrouty et al., 2012; Lebrun et al., 2016a; Masurel et al., 2017).
The Eburnean Orogeny was associated with ENE-WSW to NW-SE and NNW-SSE compression, leading to thrusting,
folding and shearing. Some studies have also recognized W-E or NW-SE oriented structures that have been attributed
to separate early deformation events, as they are oriented at an angle to younger superimposed structures that are
attributed to the Eburnean Orogeny (Hein, 2010; Perrouty et al., 2012; Tshibubudze et al., 2015; Block et al., 2016a;
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Fig. 6. Geochemical data on intrusive rocks from the broadly constrained accretionary (>2.15 Ga) and collisional (<2.15 Ga) phases of the Birimian Orogen, screened to
only include samples with LOI <5 wt.%. See appendix A for compilation of data and references. A) Fe2O3tot/(Fe2O3tot+MgO) – SiO2 diagram after Frost et al. (2001). B)
A/CNK – A/NK diagram after Shand (1943). C) Na2O+K2O-CaO – SiO2 diagram after Frost et al. (2001). D) K 2O – SiO2 diagram after Peccerillo and Taylor (1976). E) CIPW
normative ternary An-Ab-Or diagram after O´Connor (1965). F) Th/Yb – Nb/Yb diagram after Pearce (2008). G) Rb – Nb+Y diagram after Pearce et al. (1984). H) Nb – Y
diagram after Pearce et al. (1984).

McCuaig et al., 2016). These events have been variably referred to as the Tangean event in northeastern Baoulé
Mossi (Hein, 2010; Tshibubudze et al., 2015) and the Eoeburnean in the southeast (Perrouty et al., 2012). However,
the timing of these events broadly overlaps with the onset of the Eburnean Orogeny in northeastern Baoulé Mossi as
recognized in other studies (e.g. Baratoux et al., 2011), and the basis for considering the structures as related to
separate events rests on their contrasting orientation. Following the Eburnean Orogeny, the Birimian crust was
affected by late deformation events associated with N-S to NE-SW (Hein, 2010; Perrouty et al., 2012; Tshibubudze et
al., 2015; Block et al., 2016a) and E-W (Turner, 1995) compression, as well as late reactivation of faults (Liégeois et
al., 1991b). These events will be discussed in more detail below.
The early evolution in northeastern Baoulé Mossi between ca. 2160-2120 Ma is marked by a high degree of
complexity, with development of structures that seem to implies the contribution of multiple spatially restricted
deformation events associated with contrasting stress fields (fig. 7). A number of studies have recognized early
structures such as folds and thrusts oriented E-W to NW-SE (e.g. Hein, 2010; Perrouty et al., 2012; Tshibubudze et
al., 2015; Block et al., 2016a) at a high angle to younger structures oriented approximately N-S to NE-SW and that
have been attributed to the Eburnean Orogeny. These early structures include those related to the Tangean and
Eoeburnean events and are typically spatially restricted to certain regions or tectonic units. For example, although EW to NW-SE oriented folds and faults are reported in the Goren (fig. 7d, Hein, 2010), Bouroum (fig. 7e, McCuaig et
al., 2016), Oudalan-Gouroul (fig. 7f, Tshibubudze et al., 2015), and Bolé-Nangodi-Maluwe (fig. 7b, Block et al., 2016a)
series in northeastern Baoulé Mossi, it has not been recognized in the adjacent Banfora, Boromo and Houndé series
(fig. 7c, Baratoux et al., 2011), despite being temporally constrained to have developed during the same period of
time. In southern and southeastern Baoulé Mossi, E-W oriented fold have been reported from the older Ashanti
series and Cape Coast domains, while it has not been reported from younger volcano-sedimentary series such as
Kumasi or Comoé-Sunyani (fig. 8b, Perrouty et al., 2012). Similar ENE-WSW oriented folds have also been reported
from the Sefwi series, but proposed to be significantly younger and related to the later stage of the Eburnean
Orogeny at ca. 2075 Ma (fig. 8d, McFarlane et al., 2017). Early deformation events have also been recognized in
central (fig. 8e, Gasquet et al., 2003) and northwestern (fig. 9h, Masurel et al., 2017) Baoulé Mossi, where they are
related to NNW-SSE and NE-SW trending structures that imply apparent compression oriented WSW-ENE and NWSE, respectively. The early deformation events have different relationships with regional extension, which is
interpreted to have preceded deformation in the Bouroum and Oudalan-Gouroul series (fig. 7e-f, Tshibubudze et al.,
2015; McCuaig et al., 2016) but post-dated deformation in east-central (fig. 7b, Block et al., 2016a) and southeastern
Baoulé Mossi (figs. 8a-b, Feybesse et al., 2006, Perrouty et al., 2012). These extensional events were responsible for
the establishment of basins in which the volcano-sedimentary series were deposited, as well as juxtaposition of high
and low-grade metamorphic domains (Perrouty et al., 2012; Block et al., 2016a; McCuaig et al., 2016).
Between 2120-2060 Ma, widespread development of N-S to NE-SW oriented structures including folds,
foliations, thrusts, shear zones and faults is recorded across the Baoulé Mossi domain, and attributed to broadly E-W
to NW-SE oriented compression (figs. 7-9). This deformation also affected the younger volcano-sedimentary series in
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Fig. 7. A compilation of deformation events from northeastern Baoulé Mossi. See section 2.2.3 for further discussion.
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southeastern and central Baoulé Mossi that were deposited between 2155-2130 Ma, as well the younger series in
northwestern Baoulé Mossi that were deposited after 2120 Ma (fig. 3, section 3.2.2.1). The style of deformation
across the Baoulé Mossi domain at this time is highly variable. In eastern Baoulé Mossi, compression in the southeast
led to folding and thrusting that affected southeastern Baoulé Mossi between ca. 2120-2100 Ma (figs. 8a-b, Feybesse
et al., 2006; Perrouty et al., 2012), while intrusives in NE Baoulé Mossi where emplaced during NE-SW dextral (Naba
et al., 2004) and NNE-SSE sinistral (Vegas et al., 2008) shearing between ca. 2125-2115 Ma (fig. 7g). A similar
evolution also characterized east-central Baoulé Mossi, where NE-SW and N-S oriented shear zones experienced
dextral and sinistral displacement, respectively, between ca. 2120-2100 Ma (fig. 7b-c, Baratoux et al., 2011; Block et
al., 2016a). Similar events have also been reported from central Baoulé Mossi between 2120-2080 Ma, where the NS oriented N´Zi-Brabo (figs. 8e-f, Mortimer, 1992b; Gasquet et al., 2003) and Ouango-Fitini (figs. 8a, 8c, Hirdes et al.,
1996; Vidal et al., 1996; Baratoux et al., 2011) shear zones record sinistral displacement, whereas dextral has been
reported from the NE section of the GFB deformation zone (Baratoux et al., 2011). Dextral displacement has also
been reported from the NE-SW oriented shear zones in the Sefwi series, such as Ketesso (Feybesse and Milési, 1994;
Hirdes et al., 2007; Jessell et al., 2012; McFarlane et al., 2017), followed by east-directed thrusting during W-E
compression (McFarlane et al., 2017). Jessell et al. (2012) proposed that shearing occurred during or after
emplacement of elongate Bt-Ms granites in the eastern Comoé-Sunyani series, which have been dated between
2095-2080 Ma (Hirdes et al., 1992, 2007; Zitzmann, 1997; Petersson et al., 2016). Meanwhile, McFarlane et al. (2017)
obtained an age of 2073±7 Ma from monazite in a high-grade domain along the northeastern contact between the
Comoé-Sunyani and Sefwi series, which they attributed to a regional sinistral transtensional event that preceded
dextral shearing and thrusting (their D3-D4), implying that the latter is younger than 2070 Ma. However, it has also
been proposed that the intrusions in the Comoé-Sunyani series, as well as equivalent and contemporaneous
intrusions along the GFB, were synkinematic and emplaced during sinistral transpression, in order to account for
sinistral shearing in the deformation zones related to approximate NW-SE to NNW-SSE oriented compression
(Ouattara, 1998; Feybesse et al., 2006; Vidal et al., 2009).
Small-scale sinistral shearing along the Ashanti fault (Allibone et al., 2002) is proposed to have occurred
around 2090-2070 Ma in response to a shift from orthogonal NW-SE compression to NNW-SSE transpression
(Perrouty et al., 2012), which may have corresponded to a regional event that affected all of southeastern Baoulé
Mossi (Feybesse et al., 2006). However, in the Konongo area along the northeastern extension of the Ashanti fault
(fig. 8c), Watkins et al. (1993) did not recognize sinistral shearing, and instead reported a sequence of deformation
events with early folding during NW-SE directed compression, followed by dextral shearing related to WSW-ENE
compression, and finally folding related NNW-SSE compression. A recent study by McFarlane et al. (2017) also
recognized WSW-ENE oriented folds within the Sefwi series that are parallel with stretching lineations, and which
were interpreted to have formed during regional sinistral transtension. Monazite ages obtained from a high-grade
domain along the contact between the Sefwi and Comoé-Sunyani series provided ages of ca. 2075 Ma and were
interpreted by McFarlane et al. (2017) to date regional sinistral transtension, which would require that this occurred
contemporaneously with regional transpression along e.g. the Ashanti fault (fig. 8, Perrouty et al., 2012). Similar
structures to those reported by McFarlane et al. (2017) in the Sefwi series have not been recognized in the adjacent
Kumasi (Adadey et al., 2009; Perrouty et al., 2012) or Comoé-Sunyani (Vidal et al., 2009) series.
A complex structural history also characterizes northwestern Baoulé Mossi between 2120-2060 Ma, with
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folding, thrusting and shearing generally attributed to NW-SE to NNW-SSE oriented compression (fig. 9). However,
sinistral shearing along the Sassandra fault on the northern margin of the Archean Kénéma-Man block suggests
apparent SW-NE oriented transpression that is constrained by synkinematic intrusions to have occurred between ca.
2090-2070 Ma (fig. 9c, Egal et al., 2002). Meanwhile, in the adjacent ca. 2115-2090 Ma Siguiri series, NNW-SSE
oriented folds have been attributed to ENE-WSW compression, followed by alternating NW-SE and NE-SW
transpression and transtension and finally NW-SE oriented compression and local folding (fig. 9g, Lebrun et al.,
2017). In addition, Lebrun et al. (2017) also reported on the presence of cryptic early folds in the Siguiri series with
an approximate W-E orientation, which indicate an early period of apparent N-S oriented compression. The ENEWSW compression recognized by Lebrun et al., (2017) is similar to the roughly E-W compression proposed by Salvi et
al. (2016) for the Kalana deposit to the east of the Siguiri series (fig. 9f). Sinistral shearing around 2100-2080 Ma has
been reported from the Banifing (figs. 9a, e, Liégeois et al., 1991b; Caby et al., 2000; Wane et al., 2018) and the
Syama-Bananso (fig. 9b, d, Turner, 1995; Ballo et al., 2016) shear zones, and has also been proposed for the
Sassandra fault along the eastern margin of the Archean block (e.g. Feybesse and Milési, 1994; Milési et al., 2004a).
The nature of the contact between the Birimian crust and the Archean Kénéma-Man block remains a
controversial subject. Early studies proposed that its evolution was characterized by an early phase of west or
southwest directed thrusting of Birimian crust onto the craton that was associated with crustal thickening and highgrade metamorphism, followed by a transition to regional sinistral transpression along the Sassandra deformation
zone (fig. 8i, Feybesse et al., 1990; Feybesse and Milési, 1994; Lerouge et al., 2004). However, other studies have not
recognized widespread thrusting, and for the northeastern margin, Egal et al. (fig. 9l, 2002) instead emphasized that
deformation was limited to the development of subvertical shear zones between ca. 2090-2070 Ma, with only
localized thrusting. Meanwhile, Pitra et al. (2010) proposed a model for the southeastern margin of the Kénéma-Man
block in which the Archean crust was weakened by intrusion of mantle derived melts and subsequently
homogenously thickened during collision with Birimian crust. This is supported by the presence of intrusives such a
juvenile 2104±3 Ma granodiorite that intrude the Ity-Toulépleu series (Pb-evaporation on zircon, Kouamelan et al.,
1997) as well as the nearby Samapleu ultramafic intrusion, where contact metamorphism in Archean country rocks
has been dated to ca. 2090 Ma (LA-ICPMS on rutile, Gouedji et al., 2014). However, the model of Pitra et al. (2010)
did not address the nature of the Paleoproterozoic supracrustal successions of e.g. the Ity-Toulepleu series that are
situated on Archean crust of the Kénéma-Man domain, which have been proposed to correspond to remnants of
nappes of Birimian crust thrust onto the margin of the Kénéma-Man block (Feybesse et al., 1990; Feybesse and
Milési 1994; Béziat et al., 2016).
Following the main activity related to the Eburnean Orogen, the development of widespread late W-E to NWSE oriented dextral faults, thrusts and folds are recognized across central and eastern Baoulé Mossi (fig. 7-9, e.g.
Bard and Lemoine, 1976; Vidal et al., 1996; Gasquet et al., 2003; Hein, 2010; Baratoux et al., 2011; Perrouty et al.,
2012; Block et al., 2016a), but are seemingly absent from the northwest (e.g. Egal et al., 2002; Lebrun et al., 2017;
Masurel et al., 2017). The relative timing of these events is not clear, and it has been proposed that these late
structures are related to a post-Eburnean event that is referred to as Wabo-Tampelse in northeastern Baoulé Mossi
and constrained to being younger than <2050 Ma but older than cross-cutting Mesozoic dolerite dykes (e.g. Hein,
2010; Baratoux et al., 2011; Tshibubudze et al., 2015). Liégeois et al. (1991b) proposed that late dextral reactivation
along the Banifing shear zone may have been associated with resetting of the Rb-Sr isotopic system of whole rock
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Fig. 8. A compilation of deformation events from southeastern Baoulé Mossi. See section 2.2.3 for further discussion.
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Fig. 9. A compilation of deformation events from northwestern Baoulé Mossi. See section 2.2.3 for further discussion.
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samples at 1980 Ma, although Wane et al. (2018) have also proposed that it occurred earlier between ca. 2090-2020
Ma.

3.2.2.4. Metamorphic evolution
On a regional scale, the Birimian crust is characterized by peak greenschist to amphibolite facies metamorphic
conditions (e.g. Ledru et al., 1991; Feybesse and Milési, 1994; Gasquet et al., 2003; Vidal et al., 2009; Baratoux et al.,
2011; Perrouty et al., 2012; Tshibubudze et al., 2015; Block et al., 2016a), with HT-HP granulite facies metamorphism
limited to the eastern margin of the Archean Kénéma-Man block (Triboulet and Feybesse, 1998; Pitra et al., 2010).
Sub-greenschist facies conditions have also been reported from younger supracrustal successions, and late intrusions
are often unmetamorphosed. Metamorphic breaks are common, where high and low grade domains are juxtaposed
along major structures (e.g. Block et al., 2016a). Although there is considerably variation, older supracrustal series
and intrusive suites have typically been subjected to higher grade conditions reaching greenschist-amphibolite facies
conditions, whereas younger series often record greenschist or sub-greenschist facies conditions (e.g. Liégeois et al.,
1991b; Doumbia et al., 1998; Feybesse et al., 2006; Adadey et al., 2009). There are only a restricted number of P-T
studies from the Birimian crust in sWAC, and only a subset of these have coupled geochronological data (e.g. Pitra et
al., 2010; Block et al., 2015, 2016a; McFarlane et al., 2017). However, when combined with regional constraints on
the timing of deformation and magmatic activity, there is data to support a broad southwest to west-directed
migration in metamorphism within the Baoulé Mossi domain, with the oldest significant tectonothermal activity
starting in the northeast at around 2160-2150 Ma (fig. 10). On a regional scale, this trend broadly follows that related
to volcanic activity (fig. 2), sedimentation (fig. 3) and emplacement of intrusives (fig. 5).
The oldest ages are from northeastern Baoulé Mossi, where the peak of regional metamorphism is
constrained to 2160-2120 Ma (fig. 10), with regional greenschist to amphibolite facies metamorphism (fig. 11, table
1, Baratoux et al. 2011; Block et al., 2015, 2016a; Tshibubudze et al., 2015). Temporal constraints on the timing of
metamorphism are provided by an Sm-Nd isochron age of 2153±13 Ma (Grt-whole rock, n=2) that was obtained by
Boher et al. (1992) from gneisses around the Yalago belt, and metamorphic SHRIMP monazite ages from the BoleNangodi and Maluwe series by Block et al. (2015) to between 2138±7 and 2130±7 Ma. These ages are interpreted to
record the timing of regional greenschist-amphibolite facies conditions that included localized migmatization, which
have also been reported from the Goren, Houndé, Banfora, Boromo, Yalago and Bouroum belts (Kříbek et al., 2008;
Hein, 2010; Baratoux et al., 2011; Tshibubudze et al., 2015; McCuaig et al., 2016). However, early HP-LT conditions
have also been recognized in this region, recording peak conditions at 400-600°C and 10-14 kbar, before clockwise
retrogression to amphibolite and greenschist facies conditions (fig. 11, table 1, Ganne et al., 2012, 2014; Block et al.,
2015, 2016b).
Following the early metamorphism recorded in northeastern Baoulé Mossi, the Birimian Orogen across sWAC
was affected by regionally distributed deformation and associated metamorphism between ca. 2120-2060 Ma (figs.
10 and 11, table 1). In northeastern Baoulé Mossi, this corresponded to the waning stages of tectonothermal activity
and a shift to transcurrent shearing and faulting (Baratoux et al., 2011; Block et al., 2016). However, in southeastern
and northwestern Baoulé Mossi, this is constrained to have been the onset of regional tectonothermal activity
associated with the Eburnean Orogeny (e.g. Caby et al., 2000; Egal et al., 2002; Gasquet et al., 2003; Feybesse et al.,
2006; Perrouty et al., 2012; Lebrun et al., 2017; Masurel et al., 2017). In southeastern Baoulé Mossi, P-T data on
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Fig. 10. Selected metamorphic and hydrothermal ages from the Baoulé Mossi domain. References: 1 – Boher et al. (1992); 2 – Castaing et al. (2003); 3 – Block et al.
(2016a); 4 – Hirdes et al. (1992); 5 – Oberthür et al. (1998); 6 – White et al. (2014); 7 – Pigois et al. (2003); 8 – Feybesse et al. (2006a); 9 – Loh and Hirdes (1999); 10 –
Hirdes et al. (1996); 11 – Lüdtke et al. (1999); 12 – Kouamelan et al. (1997); 13 – Cocherie et al. (1998); 14 – Thiéblemont et al. (2004); 15 – McFarlane et al. (2011); 16
– Hirdes and Davis (2002); 17 – Guerrot, in Feybesse et al. (2006b); 18 – Augustin et al. (2017); 19 – Tshibubudze et al. (2015); 20 – de Kock et al. (2011); 21 – Block et
al. (2016b); 22 – Zitzmann (1997); 23 – McFarlane (2016); 24 – McFarlane et al. (2017).

older volcanic series and granitoid domains indicate peak amphibolite facies conditions, which were subsequently
followed by clockwise retrogression to greenschist facies conditions. In the Kibi series Klemd et al. (2002) reported
peak conditions of 500-610°C and 4.5-6 kbar, whereas conventional and phase modeling P-T data from the southern
Ashanti series by John et al. (1999) and White et al. (2013) indicate peak conditions of 500-650°C and 5-6 kbar and
595°C and 5 kbar, respectively. Comparable peak conditions were also reported by Galipp et al. (2003) from the
central Sefwi series. In migmatites within the Suhum domain, Opare-Addo et al. (1993) reported peak conditions at
600-1000°C and 5-8.5 kbar. In contrast to these unit, younger series such as Kumasi and Sunyani-Comoé are largely
characterized by greenschist facies conditions, where amphibolite facies metamorphism is restricted to the margins
of intrusives or along significant deformation zones (e.g. Leube et al., 1990; Hirdes et al., 1993; Adadey et al., 2009;
Vidal et al., 2009; Jessell et al., 2012). A range of minerals related to hydrothermal fluids and orogenic gold have
been dated in southeastern Baoulé Mossi to between ca. 2100-2000 Ma. Oberthür et al. (1998) reported U-Pb TIMS
ages from rutile of 2098±7 and 2086±4 Ma, while xenotime from the Damang deposits in the Tarkwa series was
dated to 2063±9 Ma by Pigois et al., (2003, SHRIMP). P-T-x studies on hydrothermal fluids related to orogenic gold
deposits in southeastern Baoulé Mossi indicate peak greenschist facies conditions at 1-3 kbar and 150-400°C (see
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Fig. 11. Selected P-T from the Birimian Orogen in sWAC. See table 1 for further description. References: 1 – Debat et al. (2003); 2 – Ganne et al. (2012); 3 – Block et al.
(2016a); 4 – McFarlane et al. (2017); 5 – Adadey et al. (2009); 6 – Opare-Addo (1993); 7 – Klemd et al. (2002); 8 – White et al. (2014); 9 – John et al. (1999); 10 – Pitra et
al. (2010); 11-12 – Triboulet and Feybesse (1998); 13 – Caby et al. (2000); 14 – Lerouge et al. (2004).

e.g. review in Perrouty et al., 2012), suggesting that the ages of hydrothermal minerals may record retrogressive
greenschist facies metamorphism rather than peak amphibolite facies conditions (e.g. Klemd et al., 2002; White et
al., 2015). However, an age of 2073±7 Ma (SHRIMP on monazite) has also been obtained from the high-grade
amphibolite-granulite facies Chiraa domain along the contact between the Kumasi and Sunyani-Comoé Series
(McFarlane et al., 2017). These ages broadly overlap or slightly postdate the last pulse of magmatic activity in the
region (cf. fig. 5). A considerably younger EPMA age of 2005±26 Ma has also been reported from metamorphic
monazite in Damang by White et al. (2014), and may have been related to localized uplift of crust in the southern
Tarkwa series. The spread of ages indicate a prolonged history of orogenic activity and uplift in the region, but could
also be an artefact of complex cooling histories that included partial resetting of minerals with low closure
temperatures.
There is a general lack of quantitative P-T data from the central and northwestern Baoulé Mossi domain (fig.
10, table 1), but Caby et al. (2000) reported peak conditions of 700-800 °C and 5 kbar from the Odienné area, where
the Sassandra and Banifing shear zones merge. At the contact between the Siguiri series and the Plutonic belt to the
west, Lerouge et al. (2004) reported peak conditions at ca. 800 °C and 4-6 kbar, followed by retrogression to 450600°C and 2-3 kbar. These studies did not include coupled geochronological data, but tectonometamorphic activity
in the region is broadly constrained to 2120-2070 Ma (e.g. Egal. et al., 2002; Lerouge et al., 2004; Lebrun et al., 2017;
Masurel et al., 2017). Away from the contact with the Kénéma-Man block, the Birimian crust in northwestern Baoulé
Mossi is characterized by greenschist facies conditions in both older and younger series (e.g. Ledru et al., 1991;
Liégeois et al., 1991b; Egal et al., 2002; Lahondère et al. 2002; Gueye et al., 2007; Diatta et al., 2017).
Granulite facies conditions related to the Birimian Orogen appear largely restricted to the southeastern
margin of the Archean Kénéma-Man block (fig. 10, table 1), where a conventional P-T study by Triboulet and
Feybesse (1998) obtained peak conditions reaching 1000 °C and 14 kbar. A later phase modeling study by Pitra et al.
(2010) from the same area indicated peak conditions of 850 °C and 13 kbar, followed by retrogression to 700-800°C
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1 - Djibo-Aribindi
Contact metamorphism in country rock metasediment reaching 350-550°C and 5 kbar around late alkaline intrusive (Debat et al., 2003).
2 - Fada N’Gourma
Relict mineral assemblages in metasediment record peak conditions of 10-12 kbar at 400-450°C, with an inferred age of ca. 2.15 Ga (Ganne et al.,
2012). This was followed by variable retrogression to 250-650°C and <4-8 kbar at around 2.10 Ga, which was attributed to contact metamorphism by
Ganne et al. (2012).
3 - Bolé-Nangodi
The area is comprised of alternating high and low grade domains characterized by amphibolite and greenschist facies conditions, respectively (Block et
al., 2015). Regional amphibolite facies metamorphism reached 550-680°C at 7-10 kbar. Restricted occurrence of HP-LT metamorphism has been
reported from paragneisses, with peak conditions calculated using pseudosections and reaching 520-600 C and 10-14 kbar (Block et al., 2015).
Meanwhile, migmatites from the same area record peak P at 10 kbar, followed by clockwise increase in T to 750 C at 5-8 kbar. The timing of regional
amphibolite facies metamorphism has been constrained to ca. 2150-2120 Ma, based on the growth of metamorphic monazite and migmatization (Block
et al., 2015, 2016a).
4 - Sefwi
The central section of the Sefwi series is characterized by amphibolite facies conditions with peak conditions in a garnet amphibolite calculated to 600700°C and 8-12 kbar using pseudosections, followed by clockwise retrogression to greenschist facies conditions at ca. 500 C and 6-8 kbar (McFarlane,
2016; McFarlane et al., 2017). A local occurrence of amphibolite-granulite facies metamorphism has been recognized along the contact between the
Ashanti and Sefwi series, with peak conditions in metapelite and gneisses calculated using pseudosections to ca. 700°C and 10 kbar, which was
followed by clockwise retrogression to ca. 600 C and 6 kbar (McFarlane, 2016; McFarlane et al., 2017)
5 – Kumasi
Contact metamorphism in regional greenschist facies metasediment adjacent to 2120-2100 Ma intrusives was estimated to 575-630°C and 4.5-8 kbar
by Adadey et al. (2009).
6 - Suhum
Migmatites recording peak conditions of 600-1000°C and 5-8.5 kbar from the southern Suhum domain were reported by Opare-Addo et al. (1993). A
Sm-Nd isochron age obtained by Feybesse et al. (2006a) from a calc-silicate paragneiss in the same area provided an age of 2104±34 Ma (n=4, AmpPl-Grt-Wr), but it is unclear if this is related to the age of migmatization.
7 - Kibi
Metapelites and amphibolites record peak amphibolite facies conditions estimated at 500-610C and 4.5-6 kbar using conventional thermobarometry
(Klemd et al., 2002), and was followed by retrogression to greenschist facies conditions at 400-540°C that was associated with hydrothermal activity
and Au mineralization.
8 - Damang
Localized amphibolite facies metamorphism with peak conditions at 595°C and 5.5 kbar has been reported from metapelites in the Damang deposit of
the southern Tarkwa series by White et al. (2014) using Thermocalc thermobarometry, followed by retrogression to 375-425°C and 1-2 kbar during
hydrothermal alteration and mineralization. Damang record higher grade conditions compared to adjacent sediment in Tarkwa basin, and White et al.
(2014, 2015) attributed this to localized exhumation between 2030-1980 Ma, based on monazite growth and biotite Ar-Ar cooling ages. However,
possible earlier hydrothermal activity in Damang has also been indicated by hydrothermal xenotime dated to 2063±9 Ma (SHRIMP) by Pigois et al.
(2003).
9 – Ashanti
Peak conditions at 500-650°C and 5-6 Kbar were reported by John et al. (1999) from amphibolites and metagranitoids in the southern Ashanti series
using conventional thermobarometry, and was followed by clockwise retrogression to 250-400°C and 2 kbar. No direct age constraints on the timing of
metamorphism, but an age of 2092±3 Ma (TIMS on rutile) has been obtained from the same area by Oberthür et al. (1998), which they interpreted as
recording regional metamorphism.
10 - Kouibli
A Thermocalc study by Pitra et al. (2010) indicated peak HP-HT metamorphism at 850°C and 13 kbar in a mafic granulite belonging to Archean
Kénéma-Man block, followed by retrogression to 700-800°C and <7 kbar. A Sm-Nd isochron (n=2, Grt-WR) age of 2031±13 Ma was obtained from the
analyzed sample by Kouamelan et al. (1997) and which Pitra et al. (2010) proposed may correspond to peak metamorphism, although it cannot be
ruled out that it rather records the timing of retrogression. Cocherie et al. (1998) also obtained a range of EMPA monazite ages from the same region
between 2055-2033 Ma.
11 - Ity-Toulépleu basement
A conventional thermobarometric study by Triboulet and Feybesse (1998) indicated peak metamorphic conditions at 1000°C and 14 kbar in a
metabasic granulite from the Archean basement close to the eastern margin of the Ity-Toulépleu inlier, followed by clockwise retrogression to <600°C
and 2-4 kbar. No direct age constrain available on the analyzed sample, but the peak conditions are comparable with those obtained from Kouibli by
Pitra et al. (2010), and which have been linked to ages of 2055-2030 Ma from Sm-Nd isochron (Kouamelan et al., 1997) and EMPA monazite ages
(Cocherie et al., 1998).
12 - Ity-Toulépleu inlier
Two metabasic samples from Ity-Toulépleu inlier recorded a counter-clockwise P-T path with peak conditions at 630-670 and 6.5-8 kbar (Triboulet and
Feybesse, 1998). No direct age on metamorphism is available. The Ity-Toulépleu inlier is intruded by the juvenile Guiamapleu-Toulépleu granodiorite,
dated by Kouamelan et al. (1997) to 2104±3 Ma (Pb-Pb on zircon, n=3), but it is not established whether the metamorphic event was linked to
emplacement of this intrusion.
13 – Odiénne
Caby et al. (2000) reported anatectic metapelites that recorded peak conditions of 700-800°C and 5 kbar, but these may possibly be restricted to the
vicinity of adjacent syn-metamorphic mafic intrusions. Timing of metamorphism and associated deformation is constrained to ca. 2.10-2.07 Ga, based
on ages of intrusives from the northern extension of the Banifin shear zone around Morila (Liégeois et al., 1991).
14 – Zanzan (Plutonic belt)
Peak conditions in calc-silicate rocks along the Birimian-Archean contact reached 800°C at 4-6 kbar (Lerouge et al., 2004). Retrogression involved
decompression to 2-3 kbar and cooling to 450-600°C. The timing of metamorphism is indirectly constrained by emplacement of synkinematic intrusions
between ca. 2.10-2.08 Ga (Egal et al., 2002; Lerouge et al., 2004).

Table 1. A compilation of selected published P-T data. For location, see figure 11.

88

Chapter 3
and <7 kbar. The analyzed sample had previously been dated by Kouamelan et al. (1997) to 2031±13 Ma using a
garnet-whole rocks Sm-Nd isochron (n=2). This age is also recorded by monazite grains from other samples, dated to
2055±24 to 2033±31 Ma by Cocherie et al. (1998, EPMA), and matched by a contemporaneous late pulse of granites
and syenites along the Archean and Birimian contact. Pitra et al. (2010) proposed that these ages may the age of
peak HT-HP granulite-fcies conditions. However, it cannot be ruled out that they instead record retrograde
amphibolite facies conditions. The extent of the HP-HT granulite facies metamorphism is also not well constrained.
The nearby Ity-Toulépleu inlier contains metasediment that records a counterclockwise P-T with peak amphibolite
facies conditions at 630-670°C and 6.5-8 kbar (Triboulet and Feybesse, 1998), which is in stark contrast to the highgrade conditions found in nearby Archean crust.
The progressive cooling of the Birimian crust is recorded by multiple Ar-Ar ages from amphibole, biotite and
muscovite (fig. 12, e.g. Gueye et al., 2007; Scherstén et al., 2013; Tapsoba et al., 2013b; White et al., 2014). These
have a spread of ages clustering around ca. 2130-1900 Ma, with the majority younger than 2100 Ma. Tapsoba et al.
(2013b) also analyzed feldspar grains using Ar-Ar, which recorded ages of 1800-1200 Ma. The oldest Ar-Ar ages are
preserved from northeastern Baoulé Mossi, which fits into the general trends of earlier tectonothermal (figs. 11 and
12) and magmatic (fig. 5) activity in the northeast. However, the significance of these ages is not clear, as the
youngest cooling ages obtained from the northeast are in the same range as the youngest ages obtained from other
sections of Baoulé Mossi, with a range 1950-1900 Ma (fig. 12). The spread in ages may thus reflect a mixture of
cooling ages following crystallization of magmatic rocks, as well as those related to cooling of the crust at the
terminal stages of regional tectonothermal activity. The latter is also supported by the fact that the bulk of the
cooling ages postdate the majority of magmatic and metamorphic ages obtained from the Birimian Orogen in sWAC.
Furthermore, there is no apparent difference between the cooling ages of samples obtained from mineralized rocks,
such as the Damang gold deposit (Pigois et al., 2003; White et al., 2014) and those from non-mineralized rocks (e.g.
Onstott et al., 1984; Gueye et al., 2007; Tapsoba et al., 2013b).
Studies where amphibole, biotite, and muscovite have been analyzed concurrently using the Ar-Ar method
also indicate gradual cooling of the Birimian crust between 2050-1960 Ma that reflects the progressively lower
closure temperatures of these minerals, with initially fast cooling rates at 17 °C/Ma recorded in the southern Ashanti
belt (White et al., 2014) and of 6 °C/Ma in the Goren-Bouroum belt (Tapsoba et al., 2013b), and subsequently
followed by slower rates of 0.15 °C/Ma and 0.54 °C/Ma, respectively. Comparable cooling rates can also be inferred
from analyses obtained by Gueye et al. (2007) from magmatic rocks in the KKI.

3.2.2.5. Metallogeny
As mentioned above, the Birimian Orogen in sWAC is well-endowed with mineralizations, particularly with respect to
orogenic gold. Other styles of mineralization include VMS, Cu-Au, Fe-skarn, sedimentary Mn, and specialized metals
(Nb-Ta) hosted by granite-pegmatite, as well as occurrences of placer and in-situ diamonds (fig. 13, see also Milési et
al., 1989, 1992; Markwitz et al., 2016). Lithostratigraphic, structural and geochronological data suggest that there
were multiple and apparently diachronous periods of mineralization during the evolution of the Birimian Orogen,
which appear to mimic the general westward migration of magmatic and tectonothermal activity that characterizes
the Birimian crust in sWAC.
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Fig. 12. Ar-Ar cooling ages from the Birimian Orogen. References: 1 – Gueye et al. (2007); 2 – Onstott and Dorbor (1987); 3 – Onstott et al. (1984); 4 – Feybesse et al.
(2006a); 5 – Pigois et al. (2003); 6 – White et al. (2014); 7 – Lüdtke et al. (1998); 8 – Augustin et al. (2017); 9 – Tapsoba et al. (2013b); 10 – Klein et al. (2014); 11 – Klein
et al. (2015).

Early mineralization appear to be restricted to eastern Baoulé Mossi, and include early Au at Kiaka (Le Mignot
et al., 2017), Mana (Augustin et al., 2017), Wassa (Perrouty et al., 2015; Parra-Avila et al., 2015; Le Mignot et al.,
2017), VMS deposits at Perkoa, Poura, Goren, Wayen and Tiébélé (Schwartz and Melcher, 200; Ilboudo et al., 2017),
Cu-Au porphyry at Gaoua (Baratoux et al., 2016), and sedimentary Mn at e.g. Nsuta (Nyame, 2008), Tambão-Beliata
(Hein and Tshibubudze, 2016), and Nangodi (Attoh, 1982; Melcher, 1995). Early gold at Wassa and Kiaka has been
dated by Re-Os on sulphides associated with the mineralization, providing ages of 2164±14 and 2157±24 Ma,
respectively (Le Mignot et al., 2017). Meanwhile, ealry gold at Mana is constrained to ca. 2170 Ma (Augustin et al.,
2017). A comparable age Re-Os age of 2161±23 was also obtained from sulphides at Gaoua (Le Mignot et al., 2017).
Geochronological data on VMS deposits is scarce and imprecise, with available data from Perkoa including a sulphide
Pb-Pb isochron age of 2120±41 Ma by Marcoux et al. (1988) and a Pb-Pb isochron age by Lompo (1991) of 2195±15
Ma, obtained from a combination of galena from Perkoa and whole rock samples from adjacent volcanosedimentary
formations. Meanwhile, an intermediate age of 2156±9 Ma is inferred for the VMS deposit at Tiébélé, based on the
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age of A-type rhyolites that host the mineralization (Ilboudo et al., 2017). The timing of the sedimentary Mn deposits
is also poorly constrained, and generally inferred from the age of the main supracrustal series, which in Ashanti is
around 2.20-2.16 Ga (e.g. Perrouty et al., 2012), whereas Oudalan-Gouroul was deposited sometime between ca.
2.26-2.20 Ga (Tshibubudze et al., 2015). However, Mn occurrences in the Nangodi series occur interlayered with
mafic and felsic volcanics (Attoh, 1982), which have been dated to between 2.16-2.15 Ga (Block et al., 2016b).
Together, the available data allow for a possible earlier period of mineralization around 2200 Ma that involved
formation of sedimentary Mn in e.g. Nsuta and Tambão-Beliata, and perhaps also VMS in Perkoa. However, the bulk
of the data point to an important period of mineralization in eastern Baoulé Mossi around 2.16-2.15 Ga, which
included development of VMS, Mn and Au.
A group of somewhat younger gold deposits also appear to be present in east-central Baoulé Mossi, where
sulphides from the Nassara Au deposit have been dated using Re-Os to 2131±99 Ma (Le Mignot et al., 2017).
Although the age is imprecise, it is comparable to the age inferred from the nearby Julie Au deposit, which is
associated with structures constrained to have developed around ca. 2.15-2.13 Ga (Amponsah et al., 2015; Block et
al., 2016a). The nearby Bepkong deposit is in turn associated with structures that are constrained to have developed
between ca. 2.12-2.10 Ga (Amponsah et al., 2016, Block et al., 2016a). The timing of these deposits is similar to the
younger age for the Perkoa VMS deposits obtained by Marcoux et al. (1988), although this connection is tenuous
given its poor precision and the present discrepancy with the older age obtained by Lompo (1991). There are also
reports of placer diamonds at Tarkwa and Tortiya (e.g. Janse and Sheahan, 1995), the latter situated along the
margin of the Hana Lobo-Bandama series. Detrital zircon data indicate maximum depositional ages for these series at
ca. 2.13 and 2.11 Ga, respectively (Davis et al., 1994; Doumbia et al., 1998; Pigois et al., 2003), whereas cross-cutting
intrusions are dated to around 2100-2095 Ma (Doumbia et al., 1998; Adadey et al., 2009). However, the source and
age of these diamonds remains unknown, but would have to be unrelated to diamond-bearing dykes at Akwatia,
which are dated to ca. 2.03 Ga (Delor et al., 2004).
Between ca. 2.10-2.00 Ga, gold mineralization occurred across the Baoulé Mossi domain and along the
Archean-Birimian contact (e.g. Liégeois et al., 1991b; Feybesse et al., 2006; McFarlane et al., 2011; Markwitz et al.,
2015; Beziat et al., 2016; McCuaig et al., 2016; Augustin et al., 2017; Lebrun et al., 2016b; Masurel et al., 2017), with
widespread mineralization in the southeast around the Sefwi, Kumasi, Tarkwa and Ashanti series (e.g. Allibone et al.,
2002; Griffis et al., 2002; Feybesse et al., 2006; Perrouty et al., 2012). Furthermore, this period was also associated
with development of Nb-Ta mineralization hosted by granitoids and pegmatite at Issia (Allou et al., 2005) and
Kokobin (Melcher et al., 2015) in southern and southeastern Baoulé Mossi, respectively, as well as Fe-skarn within
the Falémé series in the northwestern Kedougou-Kéniéba Inlier (Hirdes and Davis, 2002; Schwartz and Melcher,
2004). The development of Nb-Ta bearing pegmatite at Kokobin is constrained to 2085-2080 Ma (TIMS on columbite,
Melcher et al., 2015). No direct age is available on the Issia deposit, but it is spatially associated with the extensive Bt
-Ms Férké granite batholith, which has been dated to 2094-2080 Ma (Kouamelan, 1997; Doumbia et al., 1998). This
overlapped with development of Fe-skarn at Falémé, which is constrained to have occurred around 2100-2080 Ma
(e.g. Hirdes and Davis, 2002; Schwartz and Melcher, 2004; Masurel et al., 2017). Gold mineralization during the later
stages of the Eburnean Orogeny has typically been constrained to have occurred between 2100-2060 Ma (e.g.
Liégeois et al., 1991b; Oberthûr et al., 1998; Allibone et al., 2002; Feybesse et al., 2006; Perrouty et al., 2012; Lebrun
et al., 2016b; Masurel et al., 2017). However, recent Re-Os data from sulphides in the Obuasi and Wassa deposits
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Fig. 13. Spatiotemporal distribution of selected mineralization in the Birimian Orogen of sWAC and the São Luís Craton. References for gold mineralization: 1 – Masurel
et al. (2017); 2 – Lebrun et al. (2016b); 3 – Lawrence et al. (2011); 4 – Hanssen et al. (1997), in Ballo et al. (2016); 5 – Le Mignot et al. (2017); 6 – Fougerouse (2011), in
McCuaig et al. (2016); 7 – Amponsah et al. (2015); 8 – Béziat et al. (2016); 9 – Oberthür et al., (1998); 10 – Pigois et al. (2003); 11 – White et al. (2014); 12 – Klein et al.
(2014); 13 – Augustin et al. (2017); 14 – Amponsah et al. (2016). References for other mineralization: 1 – Hirdes and Davis (2002); 2 – Schwartz and Melcher (2004); 3 –
Masurel et al. (2017); 4 – Hein and Tshibubudze (2016); 5 – Le Mignot et al. (2017); 6 – Marcoux et al. (1988); 7 – Lompo (1991); 8 – Ilboudo et al. (2017); 9 – Attoh
(1982); 10 – Block et al. (2016a); 11 – Pigois et al. (2003); 12 – Adadey et al. (2009); 13 – Goudji et al. (2014); 14 – Janse and Sheahan (1995); 15 – Doumbia et al.
(1998); 16 – Allou et al. (2005); 17 – Delor et al. (2004); 18 – Nyame (2008); 19 – Melcher et al. (2015); 20 – McCuaig et al. (2016).

have yielded ages of 2045±40 and 2055±18 Ma, respectively (Le Mignot et al., 2017), the latter following an earlier
generation of gold dated at 2164±14 Ma. Even though they are associated with large errors, these ages could also
indicate that gold mineralization may in some cases be younger than previously believed. Indeed, White et al. (2014,
2015) proposed that gold mineralization at Damang occurred between ca. 2030-1980 Ma, where the maximum age
was obtained from monazite that was interpreted to have formed during decompression that led to the formation of
subhorizontal gold-hosting Qtz-veins. This age is considerably younger than an older age of 2063±9 Ma previously
obtained from hydrothermal xenotime at Damang by Pigois et al. (2003), and would suggest that gold mineralization
occurred at a very late stage in the evolution of the Birimian Orogen. A similar age has also been proposed for the
Caxias and Piaba gold deposits in the São Luís Craton, based on an age of 2009±11 Ma from a gold-hosting
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microtonalite (SHRIMP on zircon) and Ar-Ar cooling ages from biotite at 1990 Ma (Klein et al., 2014, 2015). If these
ages are correct, the mineralization would also have been contemporaneous with the emplacement of diamondbearing tuffisite dykes at Akwatia, dated to 2029±22 Ma by Delor et al. (TIMS on rutile, 2004).

3.2.2.6. Relationship between Birimian crust in northern WAC and the Amazon Craton
Although some degree of displacement cannot be ruled out to have occurred between sWAC and the northern
section of the WAC (nWAC) during rifting associated with the deposition of sedimentary successions in the Taoudeni
basin (e.g. Villeneuve and Cornée, 1994), there are no indications that it has significantly altered the relative positon
between the Birimian domains exposed in each respective area. It is therefore relevant to briefly review the geology
of the nWAC, as it can provide additional constraints on the evolution of the Birimian Orogen in sWAC. In addition,
the Amazon Craton in South America has typically been placed in paleogeographic reconstructions as a southern
extension of the WAC, where the Birimian crust of sWAC is connected to equivalent crust exposed in the Guyana
Shield (Onstott et al., 1984; Nomade et al., 2003; Johansson, 2009; D’Agrella-Filho et al., 2016). This section will
therefore be devoted to briefly reviewing the geology of the Birimian crust exposed in the nWAC and Amazon
Craton.

3.2.2.6.1. Northern WAC
Birimian crust in nWAC is exposed in the larger Reguibat Shield as well as in the smaller Anti-Atlas inliers that are
located at the northernmost edge of the craton (fig. 14). The Birimian domain in the Reguibat Shield is subdivided
into the western Yetti and eastern Eglab terranes, the former being dominated by large granitoid domains whereas
supracrustal sequences are more widespread in the latter. The Yetti terrane is in tectonic contact (Schofield et al.,
2006) with a western Archean block, which is composed of multiple Paleo- to Neoarchean terranes (e.g. Potrel et al.,
1998; Schofield et al., 2012; Montero et al., 2014) as well as minor 2.5-2.4 Ga anorogenic intrusions (e.g. Bea et al.,
2014). A minor occurrence of Archean high-grade mafic and felsic gneisses has also been reported from the Eglab
terrane (Peucat et al., 2005), although its extent and nature is poorly constrained. A minor inlier of Paleoproterozoic
crust is also present in the eastern section of the Archean block (Schofield and Gillespie, 2007).
The oldest known Birimian ages from nWAC record a period of volcanism and emplacement of intrusives at
around 2.20 Ga. In the Eglab terrane, these are represented by gabbro and granitoid orthogneisses dated to ca. 2210
-2175 Ma (Peucat et al., 2005), whereas a lone Sm-Nd isochron age of 2229±49 Ma (n=4, MSWD=1.18) has been
obtained from basalts in the Yetti terrane (Abouchami et al., 1990). This early period of magmatism was followed by
an apparent gap in orogenic activity for ca. 50 Myr before it resumed between ca. 2120-2070 Ma, where widespread
emplacement of intrusives, volcanism and sedimentation is recorded in both the Yetti and Eglab terranes (Lahondère
et al., 2003; Peucat et al., 2005; Schofield et al., 2006). Magmatic activity was characterized by a transition from calcalkalic to alkalic-calcic composition, with widespread emplacement of granites, as well as shallow ring complexes,
rapakivi granites, mafic-ultramafic intrusions and eruption of extensive ignimbrites, the latter also associated with
subaerial deposition of siliciclastic sequences. Subsequent magmatic activity is recorded from the Anti-Atlas Inliers,
where it lasted sporadically from ca. 2070-1980 Ma, including emplacement of granites and dolerite dykes (e.g. Aït
Malek et al., 1998; Walsh et al., 2002; Gasquet et al., 2005; Ennih and Liégeois, 2008; Kouyate et al., 2013). There are
limited isotopic studies from nWAC, but the available Sm-Nd and Rb-Sr data indicate that the Birmian crust is
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Fig. 14. Distribution of U-Pb and Pb-Pb magmatic ages in the Birimian Orogen of the West African Craton (WAC), São Luís Craton (SLC), and Amazon Craton. The
configuration of the WAC-SLC and Amazon Craton is based on Onstott et al. (1984). Note the general westward migration of magmatic activity present in both the WAC
and Amazon Craton, followed by north- and southward migration within the respective cratons. See appendix B for list of data and references. Abbreviation: PJSZ –
Pisco Jurua shear zone.
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juvenile (Peucat et al., 2005). Although this is comparable to the Birimian crust in sWAC, Peucat et al. (2005) noted
that the overall style and timing of magmatism, including widespread late ignimbrites and high-K intrusives, contrast
to that of the Birimian crust in sWAC.
There is a dearth of dedicated structural and metamorphic studies available from the Birimian crust of nWAC
to constrain its structural history in detail. A significant tectonometamorphic event affected the region around 21002070 Ma, and included the final amalgamation of the Yetti and Eglab terranes and their contemporaneous accretion
against the western Archean block (Lahondère et al., 2003; Peucat et al., 2005; Schofield et al., 2006; Schofield and
Gillespie, 2007). This was associated with greenschist-amphibolite facies metamorphism, locally with incipient
migmatization, which affected older units (>2.09 Ga) while those that are younger record subgreenschist-facies
conditions and moderate to no deformation (Peucat et al., 2005). The contact between the Yetti and Eglab terranes
remains poorly studied, but is interpreted to correspond to a thrust where the Eglab terrane assumed the hangingwall position (e.g. Peucat et al., 2005). The contact between the Birimian crust and the Archean block records an
early history of compression and thickening, followed by a shift to sinistral transpression, in turn followed by late
dextral reactivation (Schofield et al., 2006). The presence of the small inlier of Paleoproterozoic crust in the eastern
section of the Archean block has been interpreted as a klippe, possibly representing a remnant of continental margin
sediment thrust onto the Archean block during accretion of the Yetti-Eglab terranes (Schofield et al., 2006; Schofield
and Gillespie, 2007). Lahondère et al. (2003) obtained a range of monazite ages between 2040-1980 Ma from
intrusive rocks in the Yetti terrane near the Archean contact, which they interpreted as magmatic. However,
Schofield et al. (2006) proposed that these could rather be cooling ages, recording continued reactivation following
the main orogenic event at 2100-2070 Ma, perhaps related to continued magmatic activity in the Anti-Atlas inliers,
as constrained there by U-Pb ages from zircon and baddeleyite (e.g. Aït Malek et al., 1998; Walsh et al., 2002;
Gasquet et al., 2005; Kouyate et al., 2013).

3.2.2.6.2. Amazon Craton
The basement of the Amazon Craton is exposed in two large shields named the Guiana and Guaporé, with the latter
also being referred to as the Brazil Shield (fig. 14, e.g. Santos et al., 2000; Cordani and Teixeira, 2007; Fraga et al.,
2009a). The basement exposed in these two shields records a comparable geological history, with ca. 2.40-2.05 Ga
Paleoproterozoic crust exposed in the northeastern Maroni-Itacaiunas and Bacaja domains, which is sutured with
several Archean blocks (fig. 14). To the southwest, this is followed by a series of progressively younger accretionary
and collisional orogenic belts that range in age from ca. 2.0-1.0 Ga.
The Paleoproterozoic crust exposed in the northeastern domains of the Guiana and Guaporé shields is
equivalent to the Birimian crust of the WAC (e.g. Feybesse and Milési, 1994; Delor et al., 2003a; Hildebrand et al.,
2014; Kroonenberg et al., 2016). Paleogeographic reconstructions places the ca. 2.20-2.05 Ga rocks in the Guiana
Shield (e.g. Onstott et al., 1984; Nomade et al., 2003; D’Agrella FIlho et al., 2016) as the southern continuation of the
Birimian crust in sWAC, while the Imataca block form an extension of the Kénéma-Man block (fig. 14). This fit is also
supported by largely overlapping geological history between the two regions, where the sinistral shear zones in the
Amazon Craton are inferred to be related to sinistral shear zones in the Birimian Orogen of sWAC (e.g. Feybesse and
Milési, 1994; Nomade et al., 2003; Kroonenberg et al., 2016). The Bacaja domain in the Guaporé Shield contains
supracrustal units and intrusives which have been variably dated to between 2.45-2.44 and 2.36-2.31 Ga (fig. 14,
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Vasquez et al., 2008; Macambira et al., 2009), which are comparatively rare ages worldwide (e.g. Partin et al., 2013).
However, comparable ages have been recognized from Paleoproterozoic blocks in Borborema (Santos et al., 2009)
and Tocantins (e.g. Fuck et al., 2014) provinces to the east of the Amazon Craton, as well as in the southern section
of the São Francisco Craton (Teixeira et al., 2014). No equivalent magmatic rocks of this age range have been
recognized in the Birimian crust of the WAC, although it has been encountered among xenocrystic and detrital zircon
in the WAC (e.g. Gasquet et al., 2003; Soumaila et al., 2008; de Kock et al., 2011; Parra-Avila et al., 2016; Block et al.,
2016b), suggesting that they may have been derived either directly from the Bacaja domain, or from other
equivalent domains to the current east of the WAC. This may perhaps have corresponded to the crust currently
exposed in the South America Borborema or Tocantins provinces. Furthermore, the location of this older domain in
the eastern Amazon Craton also fit into the general westward younging trend that characterizes the southern WAC
and the Reguibat Shield (fig. 14).
The main peak of activity in the Maroni-Itacaiunas and Bacajas occurred between ca. 2.20-2.05 Ga,
contemporaneously with that in sWAC (Vanderhaege et al., 1998; Delor et al., 2003a; Fraga et al., 2009a; Hildebrand
et al., 2014; Kroonenberg et al., 2016). This period commenced with an accretionary phase between ca. 2.20-2.12 Ga
characterized by deposition of volcanic and volcano-sedimentary sequences and emplacement of gabbro-dioritetonalite-granodiorite suites and subordinate ultramafic intrusions. This was followed by a collisional phase between
ca. 2.12-2.05 Ga characterized by widespread emplacement of granitoid suites and gabbroic intrusions, as well as
deposition of volcano-sedimentary and siliciclastic series in restricted depocentres, which included subaerial
sandstone-conglomerate units in pull-apart basins (Delor et al., 2003a) The collisional phase was characterized by
crustal thickening followed by regionally important sinistral transpression, during which granulite-facies
metamorphic overprinting affected the Archean blocks in Imataca (Tassinari et al., 2004), Amapá (Rosa Costa et al.,
2006) and Bajaca (Vasquez et al., 2008, Macambira et al., 2009), which has been variably dated to between ca. 2.102.03 Ga. It also coincided with the development of the Bakhuis UHT-granulite belt in the Guyana Shield (Roever et
al., 2003) that is located within juvenile Birimian crust and is broadly constrained to have developed around ca. 2.072.05 Ga. There is limited P-T available from the granulite-facies domains, but Tassinari et al. (2004) reported peak
conditions from the Imataca Complex at 750-800°C and 6-8 kbar, which they attributed to progressive overthrusting
of crust from the Maroni-Itacaiunas domain. In addition, Roever et al. (2003) reported peak conditions at 950°C and
8.5-9.0 kbar from the Bakhuis belt, which was associated with a counterclockwise P-T path characterized by isobaric
cooling. Outside of these granulite facies domains, the crust in the Maroni-Itacaiunas and Bacaja domains is
characterized by regional greenschist to amphibolite facies conditions (e.g. Voicu et al., 2001; Delor et al., 2003b).
After ca. 2.05 Ga, magmatic activity in the Amazon Craton migrated to the southwest of the amalgamated
Maroni-Itacaiunas-Bacajas domains and adjacent Archean blocks, and is recorded by the development of NW-SE
oriented accretionary and collisional orogenic belts, with widespread magmatic activity recorded in the Orocaima
belt from 1.99-1.95 Ga (e.g. Santos et al., 2000; Cordani and Teixeira, 2007; Fraga et al., 2009, 2017a; Klaver et al.,
2015; Kroonenberg et al., 2016). This transition appears to have been associated with a complex and poorly
understood evolution between ca. 2.05-1.90 Ga, which included the formation of the sigmoidal Cauarane-Coeroeni
belt (fig. 14, Fraga et al. 2009a; Kroonenberg et al., 2016). This belt is composed of ca. 2.04-1.94 Ga intrusives and
2.08-2.02 Ga granulite facies supracrustal sequences, which may have been established contemporaneously with the
Bakhuis belt as part of a regional large rift system and subsequently reactivated during later magmatic activity in the
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adjacent Orocaima belt (Fraga et al., 2009b, 2017a, 2017b; Kroonenberg et al., 2016). The sinusoidal shape of the
belt also appears to reflect an offset between a western and an eastern block within the Guiana Shield, which
Nomade et al. (2001) proposed occurred during sinistral displacement along the Pisco Jurua shear zone (PJSZ) around
2.04-2.00 Ga, based on Ar-Ar cooling ages from amphibole and biotite. The timing indicates that the movement may
have been continuous with earlier sinistral displacement during the collision phase at 2.12-2.05 Ga, as described by
Delor et al. (2003a). Alternatively, the ages obtained by Nomade et al. (2001) may record later post-tectonic cooling,
with sinistral displacement being associated with the main collisional phase that ended at ca. 2.05 Ga.

3.2.2.7. Proposed geodynamic models for the Birimian Orogen in sWAC
A number of geodynamic models have been proposed for the evolution of the Birimian Orogen in sWAC, in order to
account for various features recognized in different studies, including the diachronous distribution of magmatism,
sedimentation, and tectonothermal activity, as well as formation of large volumes of juvenile crust. Feybesse and
Milési (1994) proposed that the westward migration of magmatic and tectonothermal activity reflected progressive
accretion of terranes and the Archean Kénéma-Man blocks towards the east during the collisional phase. Similar
interpretations of progressive accretion of crust have also made by Hirdes et al. (1996) and Hirdes and Davis (2002).
In addition to the diachronous trends in the Birimian Orogen of sWAC, many authors have also focused on the
overall style of tectonics, with a debate centering on the relative importance of gravity-driven “vertical” and lateral
“horizontal” tectonics (e.g. Feybesse and Milési, 1994; Pouclet et al., 2006; Lompo, 2009, 2010; Vidal et al., 2009;
Block et al., 2016b). More broadly, this debate has fed into the general discussion about the nature of
Paleoproterozoic tectonics, and whether or not a tectonic regime akin to modern-style plate tectonics was operating
at the time. The Birimian Orogen has also been presented as an example of a weak-type orogen, on account of the
relative low-grade regional greenschist-amphibolite facies metamorphism that characterizes the crust, widespread
development of subvertical shear zones, and widespread contemporaneous magmatism (e.g. Chardon et al., 2009;
Vidal et al., 2009).
Despite variable interpretations regarding its specific nature, most published geodynamic models tend to
invoke some form of plate tectonics for the early stages of the Birimian Orogen, with volcanic activity and
emplacement of early >2.15 Ga intrusives occurring in volcanic arc systems. This is based on the stratigraphical,
compositional and petrological similarities between Birimian and modern arc-related intrusive and volcanic rocks
(e.g. Mortimer, 1992a; Sylvester and Attoh, 1992; Vidal and Alric, 1994; Pouclet et al., 2006; Dampare et al., 2008;
Baratoux et al., 2011; de Kock et al., 2011; Dabo et al., 2017; Wane et al., 2018) and their spatiotemporal association
with mafic-ultramafic complexes that have been interpreted as ophiolites (Beziat et al., 2000; Attoh et al., 2006;
Pouclet et al., 2006; Dabo et al., 2017). However, the absence of rock types and associations intimately linked to
modern subduction zones such as complete ophiolitic sections with sheeted dyke complexes, boninites and true
blueschists have led others to infer the operation of some form of subduction processes, but which nevertheless
differed from those associated with modern-style plate tectonics (e.g. Block et al., 2016b). Some studies have also
inferred a contribution from oceanic plateaus, primarily on the basis of the geochemical composition of basalts
(Abouchami et al., 1990; Beziat et al., 2000; Ngom et al., 2010; Augustin and Gaboury, 2016). The focus there has
primarily been on the widespread occurrence of samples that tend to have more enriched compositions compared
to modern-day MORB, including somewhat higher Nb and LREE, but such compositions could potentially also be
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Fig. 15. A simplified version of the geodynamic model proposed by Feybesse and Milési (1994) for the Birimian Orogen in the West African Craton, and its extension
into the Guyana Shield of the Amazon Craton.

related to back-arc environments. Early isotopic studies using Rb-Sr and Sm-Nd data also suggested rapid crustal
growth rates which exceeded those of typical modern arc systems, and which could be accounted for by eruption of
oceanic plateaus (e.g. Abouchami et al., 1990). However, subsequent studies using coupled U-Pb and Hf data point
to growth rates more in line with modern rates (e.g. Kristinsdottir et al., 2013; Petersson et al., 2016, 2018a). If and
to what extent oceanic plateaus contributed to the Birimian crust thus remain contentious. Most of the studies that
have argued for the contribution of oceanic plateaus to the Birimian crust have also proposed that this occurred
within the context of a plate tectonic regime, to account for intermediate-felsic volcanics and intrusives, as well as
for accretion and collision between Birimian terranes and Archean crust with resulting folding, thrusting and
transcurrent deformation. A conceptual model presented by Lompo (2009) is an exception in that it did not invoke
any contribution from plate tectonics and subduction to account for the evolution of the Birimian Orogen, although
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late transcurrent deformation during the Eburnean Orogeny was nevertheless attributed to lateral convergence
between Birimian crust and Archean continental blocks.
Most geodynamic models presented for the Birmian Orogen in sWAC have been largely conceptual and
spatially restricted, being based on the data generated within a given study area. There are therefore few models
that have attempted to explain the regional controls on the evolution of the orogenic belt within a paleogeographic
context. Ama-Salah et al. (1996) proposed a conceptual model in which the Birimian Orogen formed in a manner
comparable to the “Kipchak-arc” model for the Central Asian Orogenic Belt (e.g. Sengör et al., 1993), through the
complex accretion and bending of a large volcanic arc system. However, it was restricted to a general comparison
between the size, juvenile composition and overall architecture of the orogenic systems, and did not attempt to
address explicitly how different aspects of the Birimian crust could have formed in such a setting. A more detailed
attempt was made by Feybesse and Milési (1994), who provided a paleogeographic reconstruction for the overall
setting of the Eburnean Orogeny, where the Birimian crust in sWAC is compressed between the western KénémaMan block and an eastern Archean block represented by Archean crust in the Guaporé Shield of the Amazon Craton,
which was placed to the present south of the WAC (fig. 16). The direction of convergence of the Archean blocks is at
an angle, inferred from the different orientation of thrusts along their margins. The reconstruction also show the NESW dextral and N-S sinistral shear zones developing simultaneously in response to convergence. It also places a
suture between the Birimian crust of sWAC and nWAC, which Feybesse and Milési (1994) proposed could have been
active while the Birmian crust in sWAC was deformed. The model proposed a general eastward direction of
convergence to account for the progressively westward younging of magmatic and tectonothermal activity in sWAC,
which was attributed to progressive accretion and stacking of arc terranes. The reconstruction of Feybesse and Milési
(1994) emphasized the positon of the Birimian crust in sWAC as part of a much larger orogenic system, which
included crust exposed in nWAC and the Amazon Craton (fig. 16). The main characteristic of the geodynamic models
proposed for the Birimian Orogen of sWAC also fit well with those for the Birimian Orogen exposed in nWAC and the
Amazon Craton. In the Reguibat Shield, Peucat et al. (2005) proposed a model involving early magmatic activity
between 2.21-2.18 in a volcanic arc system, followed by a regional collisional phase from ca. 2.10 Ga when the
Birimian crust was amalgamated and accreted against the western Archean block. Similarly, Delor et al. (2003a)
proposed a regional model for the Birimian crust in the Guyana Shield of the Amazon Craton which involved early
orogenic activity in volcanic arcs between 2.20-2.13 Ga, followed by a regional collisional phase between 2.11-2.05
Ga involving compression followed by extensive transcurrent sinistral shearing.

3.3. A geodynamic model for the Birimian Orogen of the southern
WAC
The purpose of this section is to present a geodynamic model for the Birimian Orogen of the southern West African
Craton (sWAC), which aims to reconcile the main trends and events that characterizes the Birimian crust on regional
scale, and to do so within the context the an evolving orogenic belt. Based on the data presented in the preceding
sections, there are a number of key features that relates to the Birmian Orogen that need to be addressed in the
model, including those outlined below.
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In what geodynamic environment did the Birimian crust form. Did its early evolution occur in volcanic arc
systems, or in a non-plate tectonic environment?



What was the fundamental driver for the diachronous and apparent westward migration of magmatic activity,
sedimentation, tectonothermal activity, and mineralization?



How can this be related to the regional architecture of the Birimian crust, including the establishment of the
supracrustal units, large granitoid domains, and development of large shear zones?



How does this relate to the juxtaposition of Birimian and Archean crust?



Finally, how does the evolution in sWAC relate to contemporaneous events recognized in northern sWAC and
the Amazon Craton?

In the following, the geodynamic model is presented over the course of three sections. The first two are dedicated to
reviewing and providing interpretations of aspects of the lithostratigraphy (section 3.3.1) and tectonothermal activity
(section 3.3.2) of the Birimian crust that form the basis of the model. The latter is subsequently presented in the final
section 3.3.3, accompanied by a series of to-scale reconstructions.

3.3.1. Lithostratigraphy
The section is divided into four time periods between ca. 2270-1980 Ma, where each is distinguished by a particular
style of volcanic and intrusive magmatic activity, and sedimentation. These are interpreted to reflect different
geodynamic phases of the evolution of the Birimian Orogen in sWAC, and are described further below.

3.3.1.1. 2270-2160 Ma
There are a number of occurrences across the Baoulé Mossi domain of supracrustal and intrusive rocks that have
been dated between 2270-2200 Ma, but the actual extent of crust formed during this early period of the Birimian
Orogen remains poorly constrained. The spatial distribution of ages nevertheless indicates that magmatic activity
appears to have been spread across the Birimian crust of the Baoulé Mossi domain at this time, although it appears
to have begun earlier in the east compared to the west (Parra-Avila et al., 2017). However, magmatism at this time
appears to be volumetrically subordinate in comparison to later stages of the orogeny, based on the relative
abundance of magmatic and detrital zircon ages before and after 2200 Ma (e.g. figs. 2-3, 5 and 14, see also
Kristinsdottir, 2013; Parra-Avila et la., 2016). The presence of occasional xenocrystic or detrital zircons with ages
older than 2270 Ma also indicates some degree of exchange with older crustal domains, possibly equivalent to those
exposed in the Bacajas domain in the Amazon Craton (fig. 14, section 3.2.2.6.2, e.g. Macambira et al., 2009). The
range of model ages obtained from Lu-Hf zircon (e.g. Kristinsdottir, 2013; Parra-Avila et al., 2016; Petersson et al.,
2016, 2018a) and Sm-Nd whole rock analyses (e.g. Abouchami et al., 1990; Boher et al., 1992; Doumbia et al., 1998;
Gasquet et al., 2003; Klein et al., 2008) also shows significant peaks that are older than 2.27 Ga and overlap with the
range of xenocrystic and inherited zircon. This may indicate early crustal growth within the Birimian crust in sWAC as
first proposed by Gasquet et al. (2003), but could potentially also represent mixing between juvenile crust formed
after 2.27 Ga with older Archean sources (e.g. Petersson et al., 2018a).
The localities which are temporally constrained to have formed in this interval show a range of lithologies,
including supracrustal successions and intrusives. The oldest dated rocks are intrusives in northeastern Baoulé Mossi,
and include a granodiorite near Fada N’Gourma dated at 2265±14 ma (LA-ICPMS on zircon, Parra-Avila et al., 2017)
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Fig. 16. The lithostratigraphy of the Birimian Orogen in sWAC and the São Luís Craton between ca. 2270-2160 Ma, which is interpreted to have corresponded to an
accretionary phase where activity occurred within an arc-backarc environment. The supracrustal units that are inferred to have been established during this period are
highlighted, and shown together with U-Pb and Pb-Pb magmatic zircon ages on volcanic and intrusive rocks, as well as maximum depositional ages defined by detrital
zircon from volcano-sedimentary successions. See appendix D for list of geochronological data. Geochemical plots show temporally constrained magmatic rocks from
Bibiani (Hirdes et al., 1993), Mako (Pawlig et al. 2006), Bavila (Lompo, 1991) and Bolé-Maluwe (de Kock et al., 2009; Siegfried et al., 2009; Thomas et al., 2009; Sakyi et
al., 2014; Block et al., 2016b), relative to undifferentiated volcanic and intrusive rocks broadly constrained to have formed during the early stages (>2.15 Ga) of
evolution of the Birimian Orogen (see appendix C). K2O – SiO2 diagram after Peccerillo and Taylor (1976) and Rb – Nb+Y diagram after Pearce et al. (1984).

and granodiorite and migmatitic gneisses at Oudalan-Gouroul that have been dated to 2253±9 Ma (SHRIMP on
zircon, Tshibubudze et al., 2013). The region around Oudalan-Gouroul also contains supracrustal successions
including quartzite, siltstone, greywacke, shale, metaconglomerate, BIF and amphibolite, which are interpreted to
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have been deposited between ca. 2255-2000 Ma, the minimum age constrained by a gabbro dated at 2202±2 Ma
(SHRIMP on zircon, Tshibubudze et al., 2015). Somewhat younger ages have been obtained from the southeast,
including an age of 2229±4 Ma from granodiorite in the Suhum (SIMS on zircon, Petersson et al., 2016) while Klein et
al. (2009) reported an age from a felsic pyroclastic in the Aurizona Group at 2240±5 Ma (Pb-evap. on zircon). The
latter include formations that include mafic to felsic volcanic flows and volcaniclastic successions (Klein et al., 2009).
A rhyolite has also been dated to 2238±5 Ma in the Goren series in northeastern Baoulé Mossi (Pb-evap. on zircon,
Castaing et al., 2003), which is dominated by mafic-intermediate volcanic and volcano-sedimentary successions (Hein
et al., 2004). In the Niani-Yanfolila series, a pyroclastic sequence has been dated by Lahondère et al. (2002) to
2212±6 Ma (Pb-evap. on zircon), while a nearby porphyry has yielded an age of 2216±15 Ma (SHRIMP on zircon,
Parra-Avila et al., 2017). Altogether, the range in lithologies indicate a complex environment with variable
geodynamic settings, which allowed for felsic to mafic magmatism as well as deposition of volcano-sedimentary
successions. After 2200 Ma, there was a progressive increase in the abundance and spread of supracrustal and
intrusive units. This is particularly true for eastern Baoulé Mossi, which saw a marked increase in the abundance of
magmatic ages from 2200 to 2160 Ma (fig. 16a, see also figs. 2 and 5). Albeit less significant, western Baoulé Mossi
also saw a contemporaneous increase in magmatic activity at this time, with emplacement of intrusives in e.g. the
Mako series in the KKI (e.g. Dia et al., 1997; Pawlig et al., 2006).
The magmatism between 2270-2160 Ma exhibited a wide compositional spectrum (figs. 16a-b, see also e.g.
Hirdes and Davis, 1998; Gasquet et al., 2003; Pawlig et al., 2006; Klein et al., 2008, 2009; de Kock et al., 2009, 2011;
Tabsoba et al., 2013a; Block et al., 2016b). The magmatic activity included deposition of volcanic flows, pyroclastics
and volcano-sediment, as well as emplacement of intrusives. Broadly speaking, the magmatism is dominated by
mafic to felsic rocks that conform to low or mid-K trends, suggesting a relatively immature setting (fig. 16b). The style
of magmatism is comparable to that in modern volcanic arcs, indicated by comparatively low Rb, Nb and Y (fig. 16c).
However, there are also some occurrences that trend towards higher Nb and Y, including the 2189±1 Ma (TIMS on
zircon) Bibiani rhyolite in the Sefwi belt in southeastern Baoulé Mossi (figs. 16a-c, Hirdes et al., 1993; Hirdes and
Davis, 1998). There are also other undifferentiated samples that follow this trend, but the lack of geochronological
data does make it hard to determine if they were part of the same magmatic pulse as the Bibiani rhyolite. However,
contemporaneous intrusives and volcanics associated with the Bolé and Maluwe series in east-central Baoulé Mossi
(de Kock et al., 2009, 2011; Block et al., 2016b) do not show this affinity, despite their relatively close proximity.
Meanwhile, an intermediate composition characterizes intrusions of the same age from the Mako series in
northwestern Baoulé Mossi (e.g. Pawlig et al., 2006). While intrusives with high Nb and Y are referred to as “withinplate” or “A-type”, such as setting seems implausible at this stage, given the widespread magmatic activity that
characterized the orogen. However, it is compatible with melting at LP and HT (e.g. Pãtino Douce, 1997), which could
be indicative of crustal extension. This is also supported by the fact that the Bibiani rhyolite occurs parallel with the
current tectonic contact between the Sefwi volcanic series and the younger (2155-2130 Ma) Kumasi series (e.g. Davis
et al., 1994; Oberthür et al., 1998; chapter 2), suggesting that this could represent an early fault established at 2190
Ma (see also sections 3.3.2.2 and 3.3.2.3 below). The widespread and contemporaneous magmatic activity within
eastern Baoulé Mossi indicates that it was a coherent crustal domain at the time, where the different magmatic style
between Bibiani and Bolé-Maluwe could reflect a variable P-T conditions within the crust, with the “A-type”
magmatism localized to regions affected by more pronounced extension. Overall, the lithostratigraphy and style of
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magmatism at this stage is compatible with formation in suprasubduction-zone setting, although the spread in
contemporaneous activity seems incompatible with a single arc system. Instead, it may reflect activity within a
complex back-arc environment. Ultramafic-mafic complexes such as at the Ashanti (Attoh et al., 2006), KatiolaMarabadiassa (Pouclet et al., 2006) and Mako (Dabo et al., 2017) series could represent remnants of ophiolites.
However, neither of these are known to contain a sheeted dyke complex, and are thus complete sections according
to the Penrose classification (Anonymous, 1972, see e.g. Dilek and Furnes, 2011). While sheeted dykes do not
necessarily develop in all oceanic crust (Robinson et al., 2008), the absence of other features intimately associated
with modern subduction zones, such as boninites and blueschists (e.g. Stern et al., 2013), indicate that processes on
a local scale within the subduction zones operated in a different manner compared to today, likely owing to the
effect of secular changes, ranging from a higher heat flow (Herzberg et al., 2010) to crust-mantle reservoirs with
different compositions (Palin and White, 2016). Although several authors (e.g. Abouchami et al., 1990; Beziat et al.,
2000; Ngom et al., 2010; Augustin and Gaboury, 2017) have suggested a contribution from oceanic plateaus to the
Birimian crust, primarily on the basis of geochemical data, there is no unequivocal evidence to suggest that these are
present. Features such as unfractionated LREE and higher Nb could potentially also be attributed to derivation from
enriched sources or small-degree partial melting in a back-arc environment or reflect the presence of less depleted
mantle sources compared to modern MORB. However, a contribution from oceanic plateaus should still not be ruled
out, given how frequent they are in modern oceans (e.g. Bryan and Ferrari, 2013).

3.3.1.2. 2160-2120 Ma
The period from 2160-2120 Ma is characterized by the deposition of extensive volcano-sedimentary series in
southeastern and central Baoulé Mossi, initially in deep water conditions and later also in shallow water conditions
(fig. 17a). The timing of sedimentation is constrained by a range of magmatic ages from volcanic rocks as well as
maximum depositional ages derived from detrital zircon, which highlight ongoing deposition of supracrustal
successions within the evolving Birimian orogen (figs. 2-3, 17a). The maximum depositional ages of the volcanosedimentary series are here interpreted to be mostly close to their true depositional ages, given that the widespread
magmatic activity within the Birimian crust at this time should have provided a continuous input of detrital zircon to
the surface environment. It could therefore be expected that there is a comparatively short lag between the time of
sedimentation and the youngest age population defined by detrital zircon, as is seen in modern accretionary
orogenic systems (e.g. Cawood et al., 2012). Furthermore, the clustering of maximum ages at around 2160-2150 and
2135-2125 Ma (see section 3.2.2.1 and fig. 3) suggests two important pulses of deposition during this period. The
first was dominated by deep water series such as Kumasi, Comoé-Sunyani and Maluwe, whereas the latter also
included sedimentation in larger shallow water series, including Tarkwa, Bui, Koun Tanda-Zanzan, Chako, and SafaneTehini (figs. 3, 17a). A temporal overlap between deposition in the deep and shallow water series is indicated by
overlapping maximum depositional ages between ca. 2135-2130 Ma (see fig. 3), such as reported from Tarkwa (Davis
et al., 1994; Pigois et al., 2003), Kumasi (Davis et al., 1994; Hirdes et al., 2007; chapter 2), Comoé-Sunyani (Hirdes et
al., 2007; chapter 2), Bui (chapter 2), Koun Tanda-Zanzan (chapter 2) and Haute Comoé (Lüdtke et al., 1998). This is
also supported by the fact that they are typically spatially separated, with the shallow water series predominantly
deposited on older volcanic series, such as the largest Tarkwa series (Pigois et al., 2003; Perrouty et al., 2012). One
notable exception may be the Bui series, which is reported to have a concordant or low-angle discordant contact
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Fig. 17. The lithostratigraphy of the Birimian Orogen in sWAC and the São Luís Craton between ca. 2160-2120 Ma, which is interpreted to represent the onset of the
collisional phase but where the crust is still situated in an back-arc environment. The supracrustal units that are inferred to have been established during this period
are highlighted, and shown together with U-Pb and Pb-Pb magmatic zircon ages on volcanic and intrusive rocks, as well as maximum depositional ages defined by
detrital zircon from volcano-sedimentary successions. See appendix D for list of geochronological data. Geochemical plots show temporally constrained magmatic
rocks from Anibel (Loh and Hirdes 1999), Areal (Klein et al., 2008), Ayamé (Hirdes et al., 2007; Toure et al., 2009), Goren-Mrs Pink (Tapsoba et al., 2013a; Tshibubudze
et al., 2015) and Tiébéle (Ilboudo et al., 2017). References for undifferentiated intrusive and volcanic rocks are given in appendix C. K 2O – SiO2 diagram after Peccerillo
and Taylor (1976) and Rb – Nb+Y diagram after Pearce et al. (1984).

with the underlying Maluwe series (Zitzmann, 1997), where maximum depositional ages for each have recently been
constrained to ca. 2130 and 2150 Ma, respectively (chapter 2., fig. 3).
Sedimentation was accompanied by widespread magmatic activity in eastern Baoulé Mossi, which largely
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covered the same region as between 2200-2160 Ma, although seemingly more abundant (cf. figs 16a and 17a, see
also fig. 5). However, despite the widespread magmatism, there is also a notable absence of intrusives being
emplaced within the confines of the volcano-sedimentary series that formed at this stage, even though they are
recorded in adjacent (but older) volcanic series and granitoid-gneiss domains (fig. 17a). Activity in western Baoulé
Mossi was at this time more restricted, characterized by limited magmatism and sedimentation.
The style of magmatism in Baoulé Mossi during this period was largely comparable to that in the earlier
phase, being dominated by mafic to felsic rocks that define low- to mid-K trends (fig. 17a) and which typically have
trace element compositions compatible with formation within a volcanic arc system (fig. 17c). The early stage of this
period was also associated with “A-type” magmatism comparable to the Bibiani rhyolite (cf. figs 16c and 17c). This
included both volcanic and intrusive rocks, such as the 2159±6 Ma rhyolite at Tiébélé (Pb-evap. on zircon, Ilboudou
et al., 2017) and the 2163-2149 Ma Areal granite from the Tromai suite in the SLC (Pb-evap. on zircon, Klein et al.,
2008). Other occurrences include a granite in the Mrs Pink intrusive complex near Oudalan-Gouroul, dated to
2140±10 Ma (SHRIMP on zircon, Tshibubudze et al., 2015) and a sodic orthogneiss near the Goren series, dated by
Tapsoba et al., (2013a) to 2152±9 Ma (LA-ICPMS on zircon). In the southeast, intrusives including the Anibel (Loh and
Hirdes, 1999; Perrouty et al., 2012; Perrouty, 2013) and Ayamé (Hirdes et al., 2007; Toure et al., 2009) granites in the
Ashanti and Sefwi series, respectively, remain undated but are indirectly constrained to have formed around 21502130 Ma (cf. Perrouty, 2013 and Hirdes et al., 2007), and are therefore included in this section as well. The available
geochronological data seems to indicate that this type of magmatism was temporally restricted to around 2160-2150
Ma, and the spread suggests that it was part of a regional event that affected eastern Baoulé Mossi. As for the
Bibiani rhyolite (see section 3.3.1.1 above) this is interpreted to be related to crustal extension, which is also
supported by the temporal overlap with the maximum depositional ages among the deep water series. Overall, the
style of sedimentation and magmatism suggests a continuation from the earlier back-arc stage between 2200-2160
Ma, but in which the Birimian crust progressively matured, reaching a stage in which areally extensive volcanosedimentary series were deposited, initially in deep water conditions but eventually also in shallow water settings.
The widespread magmatism nevertheless indicates a continuously high heat flow within the crust, which could be
seen as a reflection of its back arc setting.

3.3.1.3. 2120-2080 Ma
The period between 2120-2080 Ma was associated with a shift in the spatial distribution of magmatic activity, as it
decreased in the northeast but simultaneously increased in the northwest (fig. 18a). This was also accompanied by a
significant shift in the overall composition of magmatic rocks, as magmatism in the northwest defines a high-K trend
(fig. 18b). This is in contrast to that in the central (e.g. Doumbia et al., 1998; Gasquet et al., 2003) and eastern
sections of the Baoulé Moss domain (e.g. Adadey et al., 2009; de Kock et al., 2009; Block et al., 2016b), which
continued to conform to low- and mid-K trends, only reaching high-K compositors at high SiO2 (fig. 18b). Magmatic
rocks that are temporally constrained to have formed in this interval are characterized by a relatively low Nb and Y,
and “A-type” rocks comparable to those emplaced at earlier stages appear to be absent (fig. 18c). In northwestern
Baoulé Mossi, magmatic activity included the formation of the extensive plutonic belt along the northeastern margin
of the Kénéma-Man block, which included input from older Archean as well as juvenile sources (Egal et al., 2002;
Eglinger et al., 2017). In addition, volcanic activity occurred in the Falémé (Hirdes and Davis, 2002; Lambert-Smith et
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Fig. 18. The lithostratigraphy of the Birimian Orogen in sWAC and the São Luís Craton between ca. 2120-2080 Ma, which is interpreted to represent the late stage of
the collisional phase, associated with a shift towards a terrestrial environment and progressive cooling of the crust. The supracrustal units that are inferred to have
been established during this period are highlighted, and shown together with U-Pb and Pb-Pb magmatic zircon ages on volcanic and intrusive rocks, as well as
maximum depositional ages defined by detrital zircon from volcano-sedimentary successions. See appendix D for list of geochronological data. Geochemical plots show
temporally constrained magmatic rocks from northwestern Baoulé Mossi (Tegyey and Johan, 1989; Liégeois et al., 1991; Boher et al., 1992; Ndiaye et al., 1997; Egal et
al., 2002; McFarlane et al., 2011; Gouedji et al., 2014; Lambert-Smith et al., 2016; Eglinger et al., 2017; Masurel et al., 2017), Ity (Kouamelan et al., 1997), central
Baoulé Mossi (Doumbia et al., 1998; Gasquet et al., 2003), and eastern Baoulé Mossi (Hirdes et al., 1993; Yonaka, 1996; Koeberl et al., 1998; Yao and Robb, 2000;
Galipp et al., 2003; Dai et al., 2005; Hirdes et al., 2007; Naba, 2007; Adadey et al. 2009; de Kock et al., 2009; Thomas et al., 2009; Siegfried et al., 2009; Losiak et al.,
2013; Abitty et al., 2016; Block et al., 2016b). See also appendix D for geochemical data. K2O – SiO2 diagram after Peccerillo and Taylor (1976) and Rb – Nb+Y diagram
after Pearce et al. (1984).
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al., 2016) and Keniero-Niandan (Milési et al., 1989; Lahondére et al., 2002) series between 2100-2080 Ma. This
ranged in composition from basalt to andesite and rhyolite, and included spinifex-bearing komatiite at Niandan
(Tegyey and Johan, 1989). Although geochronological and stratigraphic data suggest that the Keniero series is
somewhat older than the Niandan series (Milési et al., 1989; Lahondére et al., 2002), their close spatial and temporal
association suggest that they were part of the same volcanic system, which was likely also linked to the nearby and
contemporaneous Falémé series. Contemporaneous volcanic activity also occurred outside of these series, and
included deposition of volcaniclastic sequences in the Siguiri series at 2092 Ma (Lebrun et al., 2016a), and in the
Bagoé-Boundiali series at 2098 Ma (Liégeois et al., 1991b), indicating a regionally important pulse of volcanic activity
which accompanied the emplacement of intrusives, along with limited sedimentation. In the southwest, magmatism
included the emplacement of the juvenile Ity granodiorite in the Ity-Toulépleu Inlier at 2104±3 Ma (Kouamelan et al.,
1997), while the nearby Samapleu mafic-ultramafic intrusions were emplaced around 2090 Ma, based on the age of
rutile in contact metamorphic rocks (Gouedji et al., 2014). In central and eastern Baoulé Mossi, magmatic activity
included the emplacement of large Bt-Ms granites between 2095-2080 Ma, including Ferkéssédougou (Doumbia et
al. 1998), N’Zi-Kowara (Gasquet et al., 2003), and Comoé-Sunyani (e.g. Hirdes et al., 1992; 2007; Petersson et al.,
2016), as well as minor occurrences in Tracuatea and Mirasellvas in the SLC (Palheta et al., 2009) and in the Kumasi
series (Losiak et al., 2013).
Sedimentation at this stage appears to have ceased in eastern Baoulé Mossi, based both on the absence of
detrital zircon data that define maximum depositional ages younger than 2125 Ma (e.g. fig. 3), but also on
emplacement of intrusives between 2120-2100 Ma within these older volcano-sedimentary series, such as in Kumasi
and Haute Comoé (fig. 18a). One exception is the Sambrigian series along the northwestern margin of the ComoéSunyani series, with an apparent maximum depositional age of 2115 Ma (Lüdtke et al., 1998, fig. 3). In contrast,
sedimentation dominated by deposition of siliciclastic and volcaniclastic successions appears to have been more
widespread in the west, including in the Hana Lobo-Bandama (Doumbia et al., 1998; Ouattara, 1998), BagoéBoundiali (Liégeois et al., 1991b; Turner et al., 1993; McFarlane et al., 2011), and Siguiri series (Lebrun et al., 2016a).
A notable feature of the Siguiri series is the presence of a unit of carbonates, which occur together with siliciclastic
and volcanoclastic formations (Lebrun et al., 2016a). Carbonates have not been reported from volcano-sedimentary
series in eastern Baoule Mossi, but also occur in the adjacent Dialé-Daléma, Falémé and Kofi series in the KKI (Milési
et al., 1989; Hirdes and Davis, 2002; Lambert-Smith et al., 2016). The proximity of these series with the Siguiri series
could indicate that they were been deposited within the same basin. Significant shallow water series do not appear
to have been deposited at this time in the northwest, although minor successions interpreted to have been
deposited in fluvial conditions have been reported from the Dialé-Daléma (Ledru et al., 1991; Diene et al., 2015) and
Bagoé-Boundiali (Turner et al., 1993; Turner, 1995) series. The absence of significant shallow water series, along with
the appearance of carbonates, suggest a shift in depositional conditions within the orogenic system, coincident with
the westward shift in sedimentation.
The lack of sedimentation in eastern Baoulé Mossi suggest that the crust in this region was characterized by a
terrestrial environment, where deep burial of supracrustal rocks was prohibited by the absence of significant crustal
thickening. The evolution is consistent with progressive crustal maturation, as also displayed by the emplacement of
extensive Bt-Ms granites and decreasing magmatic activity. Meanwhile, an important extensional event appears to
have affected northwestern Baoulé Mossi, leading to widespread sedimentation and magmatic activity, including
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both high-K granites and komatiite-basalt suites.

3.3.1.4. 2080-1960 Ma
By 2080 Ma, widespread magmatic activity had effectively ceased in eastern Baoulé Mossi, although it remained
comparatively widespread in the northwest, including along the margin of the Archean Kénéma-Man block (fig. 19a).
However, it progressively ceased towards 2060 Ma, after which only limited magmatic acidity is recorded within the
Baoulé Moss domain. In the northwest, magmatism followed a high-K trend, continuous with the earlier stage (cf.
figs 18b and 19b). This also included the emplacement of large Bt-Ms granites, including the Saraya pluton dated to
2079±2 Ma (TIMS on zircon, Hirdes and Davis, 2002) and the Saladou pluton dated to 2078±7 Ma (Pb-evap. on
zircon, Egal et al., 2002). These are similar to the ones previously emplaced in the Comoé-Sunyani and Hana LoboBandama series between 2095-2080 Ma (fig. 18a), even though their emplacement appears to have been somewhat
delayed. However, this may be a reflection of how the main pulse of magmatic activity in the northwest was also
delayed relative to the east, as the large Bt-Ms granites have the same late relative timing in each of their respective
regions. In southeastern Baoulé Mossi, contemporaneous magmatic activity appears to have been limited to
emplacement of pegmatites at Kokobin dated to 2085-2080 Ma (TIMS on columbite) by Melcher et al. (2015), and
nearby pegmatites dated to 2072±1 Ma (TIMS on zircon, Agyei Duodo et al., 2009). Meanwhile, a minor Bt-Ms
granite at Tracuateua in the SLC has been dated to 2080±2 Ma (Pb-evap. on zircon, Palheta et al., 2009) whereas the
adjacent alkalic Negra Velha intrusion has been imprecisely dated to between 2076-2056 Ma (Klein et al., 2008).
These intrusions appear to have been accompanied by limited volcanic activity, recorded by geochronological data in
northwestern Baoulé Mossi (Abouchami et al., 1990; Gueye et al., 2007; Thiéveniaut et al., 2010) and the SLC (Klein
et al., 2009) between 2070-2060 Ma. A poorly constrained age of ca. 2065 Ma has also been obtained from a single
detrital zircon grain near the Keniero and Niandan volcanic series (Milési et al., 1989), but the lack of robust data
makes it hard to evaluate the significance of this age. The general lack of geochronological data from elsewhere in
the Birimian Orogen at this time suggests that its surface environment was characterized by terrestrial conditions,
where the tectonic activity was insufficient to bury supracrustal successions to the currently exposed crustal depth.
From 2060 Ma, there was only limited emplacement of minor intrusives and dykes, and there is no record of
sedimentary successions from this period of time from within the Baoulé Mossi domain. Instances of magmatic
activity at this stage include restricted granite and syenite intrusions along the margin of the Archean Kénéma-Man
block between 2050-2020 Ma (Thiéblemont et al., 2004), a diamond-bearing tuffisite dyke at Akwatia in the
southeast at ca. 2030 Ma (Delor et al. 2004), and the alkaline Negra Velha intrusion in SLC that has been dated to
between 2076-2056 Ma by Klein et al. (2008, Pb-evap. on zircon). Meanwhile, an age of 2052±16 Ma has been
reported from a microdiorite in northeastern Baoulé Mossi (Pb-evap. on zircon, Soumaila et al., 2008). The youngest
intrusion is reported from the SLC, and corresponds to a gold-hosting diorite at Caxias that has been dated by Klein
et al. (2014, 2015) to 2009±11 Ma (SHRIMP on zircon). However, the sample also contained an older concordant
population dated to ca. 2130 Ma, and it cannot be ruled out that the younger age instead records the age of
hydrothermal activity related to mineralization. Regardless, the available data show that magmatic activity within
the Birimian Orogen in sWAC had effective ceased by 2000 Ma.
Although strictly outside of the timeframe considered here, later alkaline and silica-undersaturated circular
intrusions such as Ninakri and Mt Troquoi in central Baoulé Mossi have been dated to ca. 1938±40 and 1588±75 Ma
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Fig. 19. The lithostratigraphy of the Birimian Orogen in sWAC and the São Luís Craton between ca. 2080-1960 Ma, which is interpreted to represent the post-collisional
phase, which was characterized progressively decreasing magmatic activity as the orogenic crust stabilized. The supracrustal units that are inferred to have been
established during this period are highlighted, and shown together with U-Pb and Pb-Pb magmatic zircon ages on volcanic and intrusive rocks, as well as maximum
depositional ages defined by detrital zircon from volcano-sedimentary successions. See appendix D for list of geochronological data. Geochemical plots show
temporally constrained magmatic rocks from Mt Troqoui (Morel and Alinat, 1993), Ninakri (Morel and Alinat, 1993; Doumbia et al., 1998), Negra Velha (Klein et al.,
2008), Rosilha (Klein et al., 2009), and northwestern Baoulé Mossi (Liégeois et al., 1991; Boher et al., 1992; Ndiaye et al., 1997; Egal et al., 2002; Pawlig et al., 2006;
McFarlane et al., 2011; Masurel et al., 2017). See also appendix D for geochemical data. K2O – SiO2 diagram after Peccerillo and Taylor (1976) and Rb – Nb+Y diagram
after Pearce et al. (1984).

using Rb-Sr (fig. 33, Morel and Alinat, 1993; Doumbia et al., 1998). Although their ages are imprecise, their
composition and occurrence further highlight that the Birimian crust had stabilized at this time, and subsequent
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magmatic activity appears to have been limited to emplacement of dolerite dykes and kimberlites at different
intervals during the Proterozoic and Phanerozoic (e.g. Haggerty, 1982; Jessell et al., 2015).

3.3.2. Tectonothermal activity
The following section focus on the tectonothermal evolution of the Birimian Orogen. The section is based on
somewhat different time periods compared to lithostratigraphy subdivision presented in section 3.1, and are chosen
to better fit key changes in tectonothermal activity.

3.3.2.1. 2270-2200 Ma
There is no data available on tectonothermal activity that can be confidently attributed to the earliest stage of the
evolution of the Birimian Orogen, which prohibits a more detailed discussion about what the tectonic settings was
like at the time. Further detailed studies on domains that are temporally constrained to have formed in this interval
is thus required to provide constraints on this aspect of the Birimian Orogen.

3.3.2.2. 2200-2160 Ma
As for the period between 2270-2200 Ma, there are few constraints on the structural or metamorphic evolution of
the Birimian crust between 2200-2160 Ma. However, there are nevertheless indications that the Birimian crust was
affected by regional extension, at least during the early stages around 2200-2180 Ma. This is based in part on the
earlier recognition in Oudalan-Gouroul and Bouroum series of extensional events around 2200 Ma that formed the
basins in which the volcanic and volcano-sedimentary series where deposited, while juxtaposing them with adjacent
granitoid domains (Tshibubudze et al., 2015; McCuaig et al., 2016, fig. 20a, see also fig. 7). Meanwhile, additional
inferences may be drawn from the magmatic activity during this period of time. For example, the presence of
rhyolites with “A-type” affinity at Bibiani in the Sefwi series would also be consistent with crustal extension in this
region, as outlined previously in section 3.3.1. This would also be consistent with the occurrence of the Bibiani
rhyolite as an elongate unit oriented parallel with the current margin of the Sefwi and Kumasi series (fig. 20a, Hirdes
et al., 1993), suggesting that it traces an older structure, such as a normal fault established during crustal extension
at ca. 2190 Ma. This relationship suggest that structures in eastern Baoulé Mossi that are currently associated with
younger features, such as the boundaries of volcano-sedimentary series, were in fact established during an earlier
extensional phase around 2200-2180 Ma and subsequently reworked. For this reason, the normal faults in figure 20a
are drawn to be parallel with the current orientation of the volcanic and volcano-sedimentary series, although the
lack of structural constraints mean that their orientations and locations are only approximate. The renewed pulse of
“A-type” magmatism that affected eastern Baoulé Mossi around ca. 2160-2150 Ma also overlapped temporally with
deposition of volcano-sedimentary series (section 3.3.1.2), providing additional support for the inference that the
early “A-type” magmatic activity at 2190 Ma recorded by the Bibiani rhyolite was also associated with crustal
extension and sedimentation. In this context, the volcanic and volcaniclastic successions in the Bolé-Maluwe series
could indicate the development of a basin at 2200-2180 Ma in east-central Baoulé Mossi (fig. 20a), in response to the
same crustal extension that triggered the eruption of the Bibiani rhyolite in the southeast and extension in the
northeast. Combined, this suggest a regional extensional event affecting eastern Baoulé Mossi around 2200 Ma (fig.
20a).
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Fig. 20. The tectonothermal evolution of the Birimian Orogen in eastern Baoulé Mossi between ca. 2200-2120 Ma, which was primarily affected by activity at this
stage. During this period, the crust in northwestern Baoulé Mossi was affected by NW-directed indentation during regional convergence, which led to high-grade
metamorphism between 2160-2130 Ma and displacement of crust towards the northeast and southeast. High-grade metamorphism in northeastern Baoulé Mossi
between ca. 2160-2140 Ma is proposed to have coincided with restricted crustal flow in the Kedougou-Tumu granitoid domain that was perpendicular to the direction
of indentation, leading to development of W-E or NW-SE oriented folds and thrusts, such as reported by Block et al. (2016a) and Hein (2010). Extension caused by
lateral escape led to the development of depocentres in which the deep and shallow water series were deposited between 2160-2130 Ma, as well as uplift of
granitoid-gneiss domains and high-grade volcanic series (see also fig. 11 and section 2.2.4). In the southeast, early structures in the Sefwi and Ashanti series (Perrouty
et al., 2012; McFarlane et al., 2017) are proposed to record the lower crustal expression of regional counterclockwise transtension, and which was later uplifted as
horsts that were juxtaposed with the adjacent volcano-sedimentary basins. Extension also triggered “A-type” magmatism, which may have begun already by 2190 Ma
through the eruption of the Bibiani rhyolite (Hirdes et al., 1993; Hirdes and Davis, 1999, see also figs. 16-17 and sections 3.1.1-3.1.2).
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