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Highlights:

- Transpressional collision of the Eburnean accretionary orogen and its flanking craton
- Collision absorbed through a multi-scale anastomosed shear zone network

- Oblique shearing of the cratonic margin and indentation of the accretionary orogen

- Lithospheric delamination at craton edge enabling HP-HT collisional orogeny

- Enhanced syn-collisional juvenile magmatic accretion at the expense of the craton

Abstract

In order to decipher the collision processes between the Eburnean (Paleoproterozoic)
accretionary orogen and its flanking Archean craton, photointerpretation was combined
with the extraction of structural data from geological quadrangle maps to draw the
structural pattern of the southern West African craton. This pattern reveals multi-scale
transpressive anastomosing shear zone networks affecting both the Eburnean orogen
and its Archean buttress that absorbed protracted E-W convergence as juvenile crust
was still being accreted. Collision involved oblique transcurrent shearing of the craton
margin that led to the asymmetrical indentation and escape of the accretionary orogen.
As part of the collisional deformation pattern, the craton margin developed a narrow
orogenic system recording intense transpressional strain and high pressure-high
temperature metamorphism. Lithospheric mantle delamination at the craton margin
explains focused heat advection and extreme thermal softening of the crust, enabling
steep narrow transpressional collisional orogeny at the rear of accretionary orogens.
Delamination also provides a mechanism for the growth of accretionary orogens at the

expense of their flanking cratons.
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1 Introduction

There are two main types of Precambrian orogens: (i) accretionary and (ii) collisional
orogens (Windley, 1992). Accretionary orogens are wide, made up essentially of
juvenile crust (i.e., mantle melts with short crustal residence time) emplaced over
protracted periods (>60 My) of convergent deformation (Chardon et al., 2009). The
Svecofennian orogen (Finland, Sweden) or the Arabo-Nubian shield (NE Africa and
Arabia) are typical examples of Proterozoic accretionary orogens (Windley, 1992). By
contrast, collisional orogens are narrower belts that absorb convergence at the contact of
two stiff continents (e.g., the Alpine orogenic system). Their contribution to continental
growth is negligible because their moderate magmatism mostly reworks a crust
thickened by thrusting, with little magmatic input from the mantle.

Accretionary orogens form around stabilized continental nuclei (cratons) and are
the main contributor to continental growth by outward growth of continental masses
(e.g., Condie, 2007; Whitmeyer and Karlstrom, 2007). Contact zones between
accretionary orogens and their adjoining cratons are considered to be produced by the
collision of exotic juvenile terranes such as arcs against cratons (Cawood et al., 20006).
Based on the example of the southern West African Craton (sSWAC), the present
contribution investigates the mountain building processes in such collision zones, their
relations to the deformation of their flanking accretionary orogen and craton, as well as

their role in continental growth processes.
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The sWAC exposes a large segment of the 2.2-2.0 Ga Eburnean orogen - one of
the main accretionary orogens in Earth history. That segment stretches from the Guiana
shield of South America (where the Eburnean is termed “Transamazonian”) to
northwesternmost Africa (Fig. 1). In West Africa, the Eburnean orogen is made of
granite-greenstone terrains forming the so-called Birimian crust of the Baoulé-Mossi
province (Fig. 2). The orogen flanks the Sarmatia-Kénéma-Man craton (locally named
the Kénéma-Man province), forming the western sWAC (Wane et al., 2018 ). The
Kénéma-Man crust formed mostly around 3.6-3.5 Ga and 3.3-2.8 Ga and keeps the
imprint of a regional tectonothermal episode at ca. 2.8-2.7 Ga, known as the Liberian
event (e.g., Rollinson, 2016; Thiéblemont et al., 2004). The contact of the craton with
the Eburnean orogen was interpreted as a modern-like collisional orogen developed by
crustal-scale thrusting followed by the development of regional strike-slip shear zones
(Feybesse and Milési, 1994; Billa et al., 1999). In particular, low-angle crustal-scale
thrusts were inferred from along the periphery of the Kénéma-Man province (Fig. 2)
that would have transported klippen of Birimian crust onto Archean rocks. But the
pervasiveness of steep fabrics and strike-slip shear zones along the periphery of the
Kénéma-Man province and its neighboring Birimian crust instead argues for
transcurrent kinematics (Caby et al., 2000; Egal et al., 2002; see also Wane et al., 2018).
More recently, instead of collisional thrusting, HP granulites from the southeastern
periphery of the Archean province were suggested to result from homogeneous crustal
thickening of the craton margin that was reheated and softened by accretion of the
adjoining hot Birimian crust (Pitra et al., 2010).

The contentiousness of collision tectonics in the SWAC is partly due to the

extensive regolith cover of the area (Chardon et al., 2018), so that bedrock outcrops are
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generally scarce or unevenly distributed, and seldom fresh or large/high enough for
three-dimensional structural observations. However, the area is almost entirely covered
by geological quadrangle maps at 1:200 000 or 1:250 0000 scale that are a wealth of
information, especially basic structural measurements such as foliations or schistosities.
Here we present a mapping protocol meant to build a harmonized structural map
of the collision zone combining photointerpretation and the extraction of structural
information and measurements from the quadrangle maps. The structural map is
deciphered by integrating the documentation on geochronology, metamorphism and
field structural geology of the region. This provides a kinematic frame for collision
tectonics at the scale of the sSWAC and the Guiana shield and allows addressing the

lithospheric-scale processes driving interactions between collision and crustal accretion.

2 Methodology

The regional structural pattern was obtained by mapping the tectonic fabric, which is
used as a regional passive strain marker (Chardon et al., 2008). This fabric has been
drawn by combining (i) the structural grain underlined by the lithofabrics and (ii) field
measurements of planar strain fabrics (schistosity and foliation, called hereafter
foliation) extracted from the quadrangle maps and articles. More than 7600 foliation
measurements were used in this study.

Lithofabrics were retrieved from two sources. A first type of lithofabric was
extracted from the quadrangle maps by drawing form lines of elongate rock bodies or
layers (Figs. 3a and 3b). They are called hereafter geological lithofabrics. The second
type of lithofabric was drawn manually by photointerpretation using the GoogleEarth™

software (Figs. 3c and 3d). They are called hereafter photointerpreted lithofabrics.
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Interpretation of satellite images is relevant to map lithofabrics in basement terrains
based on the radiometric contrasts among lithologies (e.g., Martelat et al., 2000;
Chardon et al., 2008). That approach proved to be valid in the southwestern sWAC
(Venkatakrishnan and Culver, 1989). In such regolith- and forest-dominated terrains,
the use of GoogleEarth enhances more efficient and acute retrieval of lithofabrics by
photointerpretating high-resolution satellite images coupled with the SRTM (Shuttle
Radar Topography Mission) digital elevation model at 90 m resolution.

Photointerpreted lithofabrics are the expression of structural ridges, ridge-and-
trough geomorphic and/or color patterns due to the juxtaposition of lithologies of
contrasted nature and strength. In supracrustals, the photointerpreted lithofabrics
underline competent layers such as quartzite and chert beds, elongate mafic bodies or,
more generally, a compositional layering, particularly in volcano-sedimentary rocks. In
granitoid and gneiss terrains, these lithofabrics correspond to mega schlieren, mafic
lenses and boudins, or elongate gneissic/plutonic bodies of contrasting
composition/color (Fig. 3). Given the lateral variations in the vegetation/regolith cover,
relief, rock types or the resolution of geological surveys, the two lithofabrics are
unevenly expressed (Fig. 4a). Mapping the lithofabrics via two independent protocols
therefore allows for optimizing mapping coverage.

Both types of lithofabrics and the foliations have almost systematically the same
local trend (Figs. 3 and 4a). That parallelism indicates that lithofabrics were mostly
transposed into foliations and are therefore rough proxies of the latter. The three types
of markers (the two lithofabrics and the foliations) define collectively what is called
hereafter the tectonic fabric. It was drawn manually as form lines best fitting the local

trends of the three types of markers (Fig. 4).
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Deciphering the asymmetrically convergent, aligning and deflection patterns of
the tectonic fabric allows for the identification and mapping of shear zones (Martelat et
al., 2000; Chardon et al., 2008; Fig. 5). Convergence patterns into belts of rectilinear
and parallel trajectories delineate the high-strain core of shear zones (e.g., Martelat et
al., 2000). Very common C/S-like patterns of the tectonic fabric further allowed for the
mapping of discrete map-scale shear zones (Fig. 5) as originally shown over the C/S
fabrics type-area (Berthé et al., 1980).

Our mapping protocol contributes to constraining the map trace of regional shear
zones that were mapped incompletely on the sole basis of geological mapping (Fig. 6).
This applies for instance to the Sassandra shear zone (the longest N-S feature in Fig. 6)
and its northern splays, as well as to the shear zones mapped West of 7°W and South of
8°N; Fig. 6). The method is therefore reliable to harmonize shear zone patterns by
enhancing the continuity of known shear zones across regolith-covered areas and to
detect unsuspected shear zones. The approach also allows disregarding most of the
minor faults (of no or limited displacement) reported on geological maps, mainly from
aerial photographs interpretation (Fig. 6b). These are indeed mostly fractures with no
relation to the ductile fabric pattern of the sSWAC and are mostly linked to the rifting of
the Central and Equatorial Atlantic Oceans (Venkatakrishnan and Culver, 1989; Ye et
al., 2017).

Our method reveals the continuity, kinematic coherency and connectivity of
shear zone networks, which are anastomozed (Fig. 5). Such shear zone patterns are
comparable to those mapped after tectonic fabrics retrieved from aeromagnetic data
(Jessell et al., 2012; Chardon et al., 2020) or by combining geological surveys with

airborne geophysics in other parts of the sSWAC (e.g., Baratoux et al., 2011; Metelka et
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al. 2011; McFarlane et al., 2019; Mériaud et al., 2020). The resulting fabric-shear zone
map of the collision zone is shown in Figure 7. Higher-resolution maps showing the
relations between field fabric measurements and mapped shear zones are provided for
key areas (Figs. 8, 9 and 10), further attesting to the validity of shear zone
interpretation. Stereoplots of fabric data (foliations and mineral-stretching lineations)

from selected areas are provided in Figure 11.

3 Structural anatomy of the collision zone

3.1 Overview

The structural pattern is characterized by curved tectonic fabric trends and shear zones
that are anastomosed, delimiting shear lenses with internal fabrics roughly bisecting the
angle between their bounding (conjugate) shear zones (Fig. 7). Such a fabric/shear zone
arrangement typically reflects a continuous, heterogeneous deformation pattern (Gapais
et al., 1987). Three orders of shear zones are identified, attesting to the self-similar
properties of the shear zone network (Carreras, 2001). Only first- and second-order
shear zones are shown in Figure 7 for clarity. First-order shear zones are several
hundreds of km long and delimit mega shear lenses typically 400 km long and 250 km
wide (numbered from 1 to 14). Second-order shear zones are shorter (<250 km),
forming shear lenses ~ 200-km-long and 50-km-wide. The longest, widest and most
continuous first-order shear zones (Sassandra, Man-Gbanka, Kankan-Odienné and
Ferké) delimit large structural domains (numbered from I to IV), each comprising a
series of mega shear lenses. In other words, mapping allows for refining the sSWAC’s

first-order, anastomozed shear zone network (Chardon et al., 2020; Fig. 2).
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As shown below, the structural domains, which are distinguished, by definition,
on the basis of their fabric and shear zone patterns, have also distinctive
magmatic/metamorphic histories. Moreover, the strike-slip component of the shear
zones (i.e., shear sense) deduced from the fabric deflection patterns on Figure 7
systematically matches reported field shear criteria. Deciphering the mapped

deformation pattern is therefore a reliable kinematic tool.

3.2 Main regional shear zones
The Sassandra shear zone trends N-S and is rectilinear over more than 700 km. The
high-strain core of the shear zone is the widest (15 km) over a 200-km-long segment
between ~ 8° and 10° N. It is narrower (<1 km) along its southern trace. The shear zone
merges with the Ferké shear zone at its southern tip (Fig. 7). The Sassandra shear zone
splits into three branches north of Odienné i.e., the Niandan shear zone, the northern
Sassandra shear zone and the Banifing shear zone (Liégeois et al., 1991; Pothin, 1993;
Caby et al., 2000; Wane et al., 2018). The Sassandra shear zone developed under high-
grade metamorphic conditions (700-800 °C, 5 kbar; Caby et al., 2000) and affects a
2.16-2.15 Ga orthogneiss near the Mali-Céte d’Ivoire border (Feybesse et al., 2006b).
Regional fabric and shear zone deflection patterns along the entire length of the shear
zone, the systematic shallow plunge of the lineations and field shear criteria (Caby et
al., 2000) indicate that the Sassandra shear zone is strike-slip and sinistral (e.g., Figs. 7
and 9a).

The Man-Gbanka shear zone is ENE trending. The fabric deflection pattern
along its trace as well as field kinematic indicators (Kouamelan et al., 1997) show that it

has recorded a major dextral component of shearing (Figs. 7 and 9b). The shear zone
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core recorded granulite facies metamorphism before retrogression (Force and Beikman,
1977; Force and Berge, 1977; Setz, 1977a, 1977b; Williams, 1978). High temperature is
attested in the shear zone during the Eburnean orogeny (2.06 Ga Pb-Pb titanite age;
Kouamelan et al., 1997).

The Kankan-Odienné shear zone coincides with a major, up to 100-km-wide
lens-shape plutonic belt branching onto the Sassandra shear zone (mega shear lens 7 in
Fig. 7). It is characterized by massive, mostly juvenile 2.10-2.08 Ga plutonism (Egal et
al., 2002; Eglinger et al., 2017) synkinematic with regional shearing (Egal et al., 2002).
Systematic fabric deflections on both sides of, and inside, the shear belt as well as
consistent field-based shear criteria (Egal et al., 1999a, 2002; Feybesse et al., 2004d)
show that it is sinistral (Figs. 7 and 10a). The shear belt consists of sinistrally
asymmetrical shear lenses. Dominantly steep foliations oblique on the shear zone traces
are also consistent with sinistral shearing and the mineral-stretching lineations have
variable plunges (Fig. 10a). Several segments of the shear zones network have reverse
sense of shear (Feybesse et al., 2004b; Egal et al., 2002). The structure, fabric pattern
and kinematics of the Kankan-Odienné shear belt are therefore interpreted as produced
by partitioned sinistral transpression (e.g., Fig. 11c¢). In the area where the Kankan-
Odienné¢ and Sassandra shear zones merge near Odienné, mineral-stretching lineations
are all steep in supracrustal rocks and shallowly plunging in granitoids (Fig. 9a). This,
together with a perturbed foliation pattern, can be a result of the partitioning of
stretching between the two lithologies typical of transpressional granite-greenstone
terrains (e.g., Hudleston et al., 1988; Chardon and Jayananda, 2008) or to strain
interference between the two regional shear zones or, more probably, a combination

both. The Kankan-Odienné shear belt recorded granulitic metamorphic conditions (800

10
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°C/6-8 kbar) before retrogression down to 450-600°C and 2-3 kbar (Feybesse et al.,
2004d; Lerouge et al., 2004). Cooling is contemporaneous with the late activity of the
shear belt, constrained by Ar-Ar amphibole and biotite ages of 2.038 and 2.030 Ga,
respectively (Lahondére et al., 1999b; Feybesse et al., 2004b, 2004d).

The Ferké shear zone trends NE. It is up to 45-km-wide and constitutes a beam
of parallel shear zones. Further to the NE, beyond Figure 7, the shear zone affects
granite-greenstone terrains as young as 2.107 Ga (U-Pb zircon dating of Mériaud et al.,
2020), attesting to its activity until after this date. The Ferké shear zone is among the
longest shear zones in the sSWAC. It branches onto the Banfora-Mana shear zone near
Bobo Dioulasso (Chardon et al., 2020; Figs. 2 and 6). SW of Soubr¢ (Fig. 7), the shear
zone formed by the juncture of the Sassandra and Ferké shear zones has been shown to
be sinistral (Brock et al., 1977), in agreement with the sense of slip along the Sassandra

shear zone.

3.3 Structural domains

3.3.1 Domain I: Reworked high-grade Archean crust

This domain represents the Archean core of the Kénéma-Man province (Kouamelan et
al., 1997, 2018; Koffi et al., 2020; Rollinson, 2016, 2018) that was intruded by 2.10 to
2.02 Ga (Birimian) plutons (Thiéblemont et al., 2001, 2004; Gouedji et al., 2014). The
domain is bounded by the Man-Gbanka, Sassandra and Kankan-Odienné shear zones to
the South, East and North, respectively (Fig. 7). It is formed by a stack of eastward-
convex mega shear lenses (1 to 4 in Fig. 7). This arched pattern is due to the overall
sinistral deflection of fabrics and shear zones into the Kankan-Odienné shear zone in the

North, and their dextral deflection into the Man-Gbanka shear zone in the South. In the

11
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westernmost part of the domain (mega shear lens 1; Fig. 7), fabrics and shear zones
have a dominantly N-S to NNE trend. That trend acquires a more pronounced NE
direction going southwestward to become ENE and aligned with the Man-Gbanka shear
zone. Deformation of the southern half of domain I is characterized by a rather
symmetrical, NE trending, high axial ratio shear lens system, moderately to (mostly)
steeply dipping foliations trending at a low angle to the shear zones and variably
plunging lineations (Fig. 10c). Such a shear-fabric pattern reflects bulk inhomogeneous
shortening with a component of flattening (Gapais et al., 1987).

The regional deflection of the fabric-shear zone pattern across domain I from N-
S to ENE trending is indicative of a southwestward strain gradient into the Man-Gbanka
shear zone. Deflection of the regional structures of domain I into the Sassandra and
Kankan-Odienné shear zones is accompanied by interference features marked by fabric
triple points, particularly in the northern parts of mega shear lenses 2 and 3 and in mega
shear lens 4 (Fig. 7). These patterns appear to be due to an interplay of northeastward
extrusion of mega shear lenses 3 and 4 and their shortening / shearing against the
Sassandra and Kankan-Odienné shear zones.

The Touba shear zone (Fig. 7) affects 2.10-2.07 Ga granitoids (Thiéblemont et
al., 1999a; Feybesse et al., 2004c, 2004d) and the Simandou shear zone (Figs. 7 and
10b) affects Birimian supracrustal rocks, whereas the 2.10-2.02 Ga plutons have Ar-Ar
amphibole cooling ages of 2.04-2.02 Ga (Onstott and Dorbor, 1987; Egal et al., 1999b;
Lahondere et al., 1999a). Regional deformation and shear zone activity in domain I are
therefore Eburnean (Thiéblemont et al., 2004), with strain localization and cooling
along the Man-Gbanka shear zone and the Kankan-Odienné shear belt. To summarize,

domain I may be interpreted as a major Eburnean dextral transpressive shear belt having

12
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undergone strain localization in the Man-Gbanka shear zone, with modifications due to

interference with sinistral slip along the Kankan-Odienné and Sassandra shear zones.

3.3.2 Domain II: Hybride high-grade crust (Archean/Birimian)

This domain is made of mega shear lenses 5 and 6. It is pinched out in between the
Man-Gbanka shear zone to the N, and the Sassandra fault - Ferké shear zones to the E
and SE, respectively (Fig. 7). Zircon and monazite U-Th-Pb chronometry indicates that
domain II is made of Archean crust (ca. 3.05 and 2.80-2.70 Ga) intruded by Birimian
(2.15-2.06 Ga) plutonic rocks (Kouamelan et al., 1997, 2018; Cocherie et al., 1998;
Koffi et al., 2020). The Cestos-Nuon shear zone marking the boundary between the two
mega shear lenses is transcurrent (hosting shallowly plunging lineations) and records
granulite facies metamorphism (Force and Beikman, 1977).

The two mega shear lenses share the same overall ENE to NE structural grain
concordant with the Man-Gbanka shear zone. Shear lens 5 shows ENE-trending second-
order dextral shear zones mimicking the Man-Gbanka shear zone (Fig. 7). In detail,
shear zones are arranged in a dextral C/S-like pattern (Fig. 8b). Foliation patterns are
consistent with the C/S-like pattern, and tend to become steeper approaching the Man-
Gbanka shear zone. The mineral-stretching lineations are shallowly plunging and trend
at a low angle to the shear zones (Fig. 9b). At least some of the shear zones record steep
reverse slip (Force and Dunbar, 1977; Force and Beikman, 1977; Thorman, 1977),
indicative of a transpressional component of the dextral shearing. Fabric interference
patterns are locally documented in between the shear zones (Fig. 7). Shallowly to
moderately dipping foliations trending at a high angle to the shear zones are locally

documented (Fig. 9b). This could suggest a fabric inheritance (i.e., folding of an early
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313  foliation), fabric molding around intrusions and/or lateral stretching on shallowly

314  dipping foliations in between the shear zones (e.g., Chardon et al., 2011; Block et al.,
315  2016). In any case, the shear-fabric pattern reflects bulk inhomogeneous dextral

316  transpression being kinematically linked to dextral slip along the Man-Gbanka shear
317  zone (Fig. 11b).

318 The deformation pattern of mega shear lens 5 is at variance with the consistent,
319 dense, and rectilinear fabric pattern of mega shear lens 6, which is affected by a rather
320 symmetrically anastomosed pattern of shear zones. This pattern attests to intense,

321  homogeneous and dominantly coaxial deformation in map view (Choukroune et al.,
322 1987). The Zwedru area (Fig. 6) is an exception in this pattern due to pluton

323  emplacement-related fabric interference features (Force and Beikman, 1977; Tysdal,
324 1977b). Overall, the combination of dextral slip at the northern boundary of domain II
325 (Man-Gbanka shear zone) and conjugate sinistral slip along its eastern boundary

326  (Sassandra fault) suggests that domain II escaped southwestwardly in between the two
327  shear zones.

328 Mega shear lens 5 records regional amphibolite facies metamorphism (Force and
329  Beikman, 1977). Peak metamorphic conditions in domain 6 were those of high-pressure
330  granulites (850-1000° C; 13-14 kbar) before retrogression coeval with regional partial
331 melting down to 700-800°C and 7-8 kbar (Triboulet and Feybesse, 1998; Pitra et al.,
332 2010). In mega shear lens 6, regional high-grade metamorphism overlapped in time
333  with shearing, regional high-grade metamorphism and partial melting (Tysdal, 1977a).
334  Timing constraints on that tectonothermal episode are provided by titanite Pb-Pb data
335  (2.06 Ga; Kouamelan et al., 1997) and garnet-whole rock Sm/Nd isochrones (2.05-2.03

336  Ga, Kouamelan et al., 1997, 2018), monazite U-Th-Pb ages of 2.03 Ga being ascribed to
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regional partial melting (Cocherie et al., 1998). The timing for Eburnean tectono-
metamorphism in domain II is therefore comparable to that of domain I. This, together
with the structural and kinematic coherency between the two domains, implies that
domain II belongs to the Eburnean transpressional shear belt affecting domain I, called
hereafter the Man-Gbanka orogen. Domain II represents a side of the orogen exposing a
transitional crust between the Archean Kénéma-Man and Birimian Baoulé-Mossi
provinces, which has undergone HT-HP metamorphism. Exhumation of HP rocks may
have resulted from transpressional deformation (e.g., Goscombe and Gray, 2009),
lateral extensional flow accompanying southwestward escape of domain II or a
combination of both (Chardon et al., 2011). The Cestos-Nuon shear zone would have

accommodated partitioning of transpressional deformation between lenses 5 and 6.

3.3.3 Domain III: High-grade Birimian crust of the Baoulé-Mossi province

Domain III comprises mega shear lenses 8 and 9, which contrast from their hosting
Birimian crust (domain IV; Fig. 7) by a fabric texture comparable to that of domain II
and by the fact that they are affected by high-grade metamorphism and partial melting
(Papon, 1973; Caby et al., 2000). They are made mostly of Birimian crust (2.16 - 2.07
zircon U-Pb ages; Feybesse et al., 2006a, 2006b; Wane et al., 2018) and mega shear
lens 8 hosts slices of Mesoarchean rocks (3.20 Ga zircon U-Pb ages; Kouamelan et al.,
2015). The Banifing shear zone forms the western envelop of mega lens 9 (Fig. 7). The
shear zone affects 2.12 - 2.00 Ga syn-kinematic granitoid plutons (in-situ U-Pb zircon
dating), bears mineral-stretching lineations with variable plunges and underwent late
right-lateral shearing (Wane et al., 2018; Liégeois et al., 1991; Feybesse et al., 2006d).

The dense, rectilinear and parallel fabric pattern as well as the symmetrical conjugate
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arrangement of the second-order shear zones in both shear lenses 8 and 9 argue for a
dominant component of intense coaxial deformation in map view, comparable to that of
domain II, and particularly mega lens 6. The northwestern margin of mega lens 8 is
formed by the Ferké shear zone (Fig. 7) that coincides with the Hana Lobo greenstone
belt, recording peak temperatures of 600-700°C (Papon, 1973; Ouattara, 1998). The
western portion of mega lens 9 near Odienné (around 9°N; Fig. 7) has steep foliations
(Caby et al., 2000) and mostly strike-parallel, shallowly plunging lineations that are
taken at a low-angle into the Sassandra shear zone (Fig. 9a). Lenses 8 and 9 of domain
IIT are interpreted as representing a lower crustal level having undergone a deformation
comparable to that of domain II, and having been exhumed through the lower-grade

Birimian Baoulé-Mossi province.

3.3.4. Domain IV: Birimian crust

The domain exposes the typical granite-greenstone terrains of the Baoulé¢-Mossi
province (Fig. 2), with felsic magmatism between 2.21 and 2.00 Ga constrained mostly
by U-Pb geochronology (Egal et al., 1999b; Lahondére et al., 2002; Feybesse et al.,
2004c, 2004d; Lebrun et al., 2016; Wane et al., 2018). It comprises mega shear lenses
10 to 14 (Fig. 7). Mega shear lens 10 hosts relics of ca. 3.5 Ga old crust (Egal et al.,
1999a, 2004), probably inherited from adjoining domain I, in a same manner domain II
inherited from domain I. Mega shear lens 10 and the Siguiri basin (mega lens 11) are
affected by WNW-trending sinistral shear zones replicating the Kankan-Odienné shear
belt (Fig. 7). The N-trending structural grain of the northern Siguri basin has recorded
transpression, and particularly very steep reverse faulting along the N-S trending shear

zones (Lebrun et al., 2017; Fig. 7). Going South, those shear zones, as well as the steep
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N-trending foliations and the variably plunging mineral-stretching lineations are taken
into the NW-trending shear lens pattern flanking the Kankan-Odienné shear belt (Figs.
10a and 11c¢).

In the rest of domain IV (mega lenses 12 to 14), foliations are mostly steep and
NNE trending (Fig. 10a), consistently with the shear lens patterns (Figs. 7 and 11a).
Lineations are mostly strike-parallel and shallowly plunging (Fig. 11a), suggesting
horizontal plane strain for the shear lens pattern (Gapais et al., 1987). But steep to
vertical lineations are also common (e.g., Figs. 9a and 11a), attesting to vertical stretch
and a component of flattening compatible with transpression. Steep lineations are the
most common in supracrustal rocks but are also reported from granitoids (Turner et al.,
1993). This, together with the abundance of dip-slip movements on steep outcrop-scale
shear zones in domain IV (Olson et al., 1992; Feybesse et al., 2004d; Traoré et al.,
2016; Lebrun et al., 2017), is indicative of a transpressional shear lens system as

documented throughout the Eburnean orogen further to the East (Chardon et al., 2020).

4 Interpretation

4.1 Case for multiscale partitioned transpression: kinematic implications

Our work documents a heterogeneous transpressional Eburnean deformation pattern that
imprinted pervasively the eastern Sarmatia-Kénéma-Man craton and the Eburnean
accretionary orogen through their contact zone. Transpression is attested throughout
multiscale, self-similar shear lens systems by (i) dominantly steep foliations, (ii) strike-
parallel, shallowly plunging lineations (a few being steep), and (iii) anastomosed steep
shear zones recording mostly strike-slip and, to a lesser extent, dip-slip (Hudleston et

al., 1988; Tikoff and Teyssier, 1994; Tikoff and Greene, 1997; Fig. 11). At the first-
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order, transpression is partitioned between the regional shear zones and the mega shear
lenses / domains they delimit (e.g., Fig. 11), which in turn are internally affected by
higher-order shear lens patterns. Deformation patterns of second- and third-order shear
lens systems are themselves transpressional and partitioned in three dimensions among
the anastomosed, strike-slip (mostly) to dip-slip shear zones and internal planar-linear
fabrics / shear patterns of the lenses they delimitate (Gapais et al., 2005). Such
transpressional deformation patterns are typical of Precambrian accretionary orogens
(e.g., Cagnard et al., 2006; Chardon et al., 2009; Duguet et al., 2009; Harris and Bédard,
2014; Goscombe et al., 2019) and pervasive in the rest of the sWAC (Chardon et al.,
2020).

The heterogeneity of the collisional deformation pattern may be interpreted
locally as interference features due to superimposed deformation phases. But the fabric-
shear zone pattern must have developed over a protracted period. Its heterogeneity
implies spatial and temporal partitioning of transpression at various scales during long-
lasting interactions among shear zones (Platt and Passchier, 2016; Fossen et al., 2019;
Chardon et al., 2020). Besides, the connectivity of the shear zone network and the
mutually deflecting relationships amongst shear zones at all scales indicate that the
kinematic coherency of the fabric-shear zone pattern was maintained during the
protracted deformation history (Jones et al., 2005). All this therefore warrants a large-
scale kinematic interpretation of the collisional map pattern of Figure 7. More generally,
these considerations argue for a reappraisal of the methods to tackle deformation of
Precambrian high grade terrains that are overwhelmingly transpressional (Fossen et al.,
2019). Considering large-scale kinematics in the protracted acquisition of an integrative

finite structural pattern should be particularly pertinent for retrieving tectonics and
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avoiding pitfalls of the local phase approach (Carreras, 2001; Jones et al., 2005; Fossen
et al., 2019; Chardon et al., 2020).

Considering age constraints on syn-kinematic plutonism, high-grade
metamorphism and high temperature cooling, the main period of overlapping activity
for the shear zones forming the collisional network would be roughly between 2.07 and
2.03 Ga, with late cooling of the Man-Gbanka orogen until ca. 2.02 Ga (Fig. 12). This
40-50 My long collision period overlaps with late growth of the easternmost Eburnean

accretionary orogen until ca. 2.00 Ga (Fig. 12).

4.2 Archean inheritance

Within the pervasive Eburnean collisional deformation pattern (Fig. 7), identification of
pristine Archean (most likely Liberian, if any) fabrics is not straightforward. Best-
preserved Liberian fabrics would be those trending N-S in mega lens 1 i.e., the most
distant from, and less deflected by, the Man-Gbanka shear zone (Fig. 7), particularly in
their low-grade greenstone belts (500 °C/5 kbar; Barrie and Touret, 1999). In any case,
Eburnean deformation of domain I did not erase the memory of Liberian granulitic
metamorphism as preserved in the U-Pb zircon record, for instance in charnockites and
gneisses of mega lenses 3 and 4 (2.91-2.70 Ga; Kouamelan et al., 1997; De Waele et al.,

2015; Koffi et al., 2020; Fig. 7).

4.3 Crustal architecture and kinematics
The Man-Gbanka orogen (Fig. 13) is a key feature of the regional deformation pattern.
This orogen absorbed convergent deformation at the craton margin while it was being

rejuvenated by its flanking accretionary orogen. The orogen consists in two main belts.
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The first belt is a > 150 km wide corridor flanking the Man-Gbanka shear zone to the
North, in which the softened fringe of the Sarmatia-Kénéma-Man craton (stabilized
after the 2.7 Ga Liberian episode) was involved into dextral transpression (Fig. 13).
This deformation was contemporaneous with Birimian plutonism. In the second belt, on
the southern side of the Man-Gbanka shear zone, Archean crust was pervasively
intruded by Birimian melts and underwent intense homogeneous transpressive
deformation and crustal thickening recorded by HP-HT metamorphism (Pitra et al.,
2010; Fig. 12). The contrasted deformation and metamorphic record of a same regional
shearing episode on either side of the Man-Gbanka shear zone reflects two contrasted
mechanical behaviors. To the North, it is that of a moderately attenuated craton margin,
partially overprinted by collisional deformation. To the South, it is that of a cratonic
crust having been pervasively rejuvenated by Eburnean magmatic accretion, HT-HP
metamorphism and deformation. The Man-Gbanka orogen is a typical mixed-hot orogen
i.e., relatively narrow, made almost exclusively of soft/young crust, with a high capacity
of tectonic burial and exhumation (Chardon et al., 2009). But instead of recording the
collision of two rigid continental masses, the orogen accommodated convergence at the
contact between an Archean craton and a wide accretionary orogen under construction.
The Kankan-Odienné shear belt (Figs. 7 and 13) is also interpreted as a mixed-
hot collisional orogen. Besides, Eglinger et al. (2017) invoked delamination of a
lithospheric orogenic root to explain mantle magmatism and high-grade metamorphism
in the shear belt. In terms of kinematics, the Kankan-Odienné orogen is sinistral and
cannot be the simple continuation of the Man-Gbanka orogen, which is dextral.
Indentation of the Eburnean orogen by the Archean Kénéma-Man province is proposed

to account for the finite structural pattern. However, indentation in itself does not
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explain the termination of the Man-Gbanka orogen against the Sassandra shear zone.
Some high-grade terrains from the vicinity of the Mali-Cote d’Ivoire border (e.g., lens
9; Figs. 7 and 13) could represent slivers of the Man-Gbanka orogen extruded at the
front of the indenter (Chardon et al., 2020), whereas mega shear lenses 8 and 9 (Fig. 7)
would belong to a series of comparable exhumed migmatitic units scattered over the
Baoulé-Mossi province (Block et al., 2016; Fig. 13). In any case, there is a structural
and kinematic coherency between deformation at the eastern periphery of the indenter
and the regional-scale Eburnean shear zones that root into the contact (Fig. 13). East of
the contact zone, these shear zones are arranged in a roughly spatially consistent
anastomozed shear zone network typical of accretionary orogens (Fig. 13, see also Fig.

2).

S Discussion

5.1 A large-scale kinematic model

The kinematic model of Figure 14 satisfies three main constraints. Firstly, it accounts
for the termination of the Man-Gbanka orogen against the Sassandra shear zone (Figs. 7
and 13). Secondly, the model involves clockwise rotation of the Kénéma-Man domain
to explain both (i) the consistent finite sinistral slip along its entire western periphery
(Figs. 7 and 13) and (ii) the nearly E-W trend of the dextral Man-Gbanka shear zone
that contrasts with the NE trend of the regional dextral shear zones, including the
Burghana-Transamazonian mega shear, which marks the southeastern boundary of the
orogen (Chardon et al., 2020). Thirdly, to explain this rotation and provide a broader
kinematic framework required by the size of the collision zone, we integrated

Transamazonian (i.e., Eburnean) structures of the Guiana shield (Fig. 1). For that, we
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used the transatlantic correlation of Chardon et al. (2020) (Fig. 1), which is the first one
to be consistent with Paleoproterozoic paleomagnetic constraints (Onstott et al., 1984)
and was recently tested by Antonio et al. (2021) on the basis of new paleomagnetic data
(see Gong et al., 2021 for a recent alternative view). The kinematic model is
summarized as follows.

A series of NE-trending dextral shear zones replicating the Burghana-
Transamazonian mega shear cut obliquely, bend and offset eastwardly the Archean-
Paleoproterozoic contact that trended roughly N-S. The Man-Gbanka transpressional
orogen forms along that northeastwardly sheared bend, reworking the Archean as well
as newly accreted Birimian crust (Figs. 13 and 14a). Amplification of northeastward
shearing leads to the indentation of the Birimian crust (Fig. 14b). Nucleation of the
Pisco-Jurua shear zone (i.e., a major N-trending sinistral shear zone conjugate to the
Burghana-Transamazonian mega shear) is inferred to have started at that time (Fig.
14b). The final stage sees the last increments of indentation and clockwise rotation of
the Kénéma-Man indenter (Fig. 14c). Rotation is linked to sinistral slip along the Pisco-
Jurua shear zone and is also achieved by sinistral slip in the Kankan-Odienné shear belt,
as well as activation of the Sassandra shear zone and its southward propagation (Figs.
14c and 14d). Rotation occurs during continuing internal deformation of the indenter.
Southwestward escape of the hybrid crust is expected in between the Man-Gbanka shear
zone and the sinistral Sassandra fault that merged with the Southern Ferké shear zone.
Ultimately, late indentation combined with rotation of the Kénéma-Man domain leads
to a northward-fanning pattern of shear zones all rooted into the Sassandra shear zone
(Fig. 14d). That shear pattern accommodates overall northward extrusion of Birimian

crust north of the Archean-Birimian contact zone. The regionally anastomosed shear
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zone system of the accretionary orogen to the east of the collision zone accommodated
general flow of the crust escaping northeastward (Fig. 14c).

To summarize, the Man-Gbanga orogen would be restricted to the sheared, NE-
trending portion of the Archean cratonic margin. Oblique tearing apart in that shear
corridor could have triggered crust-mantle connections that favored a Birimian
magmatic burst at the craton contact, which in turn initiated focused mixed-hot orogeny

along the craton margin.

5.2 Implications for Precambrian orogenic and continental growth processes
Convergence throughout the Eburnean accretionary orogen and its adjoining craton
edge was absorbed by a heterogeneous transpressional deformation pattern. The
Archean-Paleoproterozoic boundary in the sWAC is therefore not a collisional orogen
in the modern sense of the term i.e., built by the piling up of (cold) low-angle crustal-
scale thrust slices in between two stiff continental blocks. Such thrusts and associated
crustal-scale klippen would be elusive in this context of pervasive steep transpressive
fabrics. The Archean-Paleoproterozoic contact zone is occupied by transpressional
mixed-hot orogens such as the Man-Gbanka and Kankan-Odienné orogens. As opposed
to crustal-scale thrust sheets or nappes, displacements in these orogens were partitioned
among strike-slip shearing, lateral flow and vertical stretching and extrusion.

The metacratonization concept (Liégeois et al., 2013) was used by Wane et al.
(2018) to explain attenuation of the Archean crust during collision in the western
sWAC. That attenuation was ascribed to removal of the Archean lithospheric mantle
along regional shear zones while the cratonic lithosphere was being subducted under the

accreting Birimian arc terranes (Wane et al., 2018). An alternative collisional model is
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developed below that would account for the specificity of mixed hot transpressional
orogeny that requires focused heat and fluid advection for attenuating the Archean
cratonic crust at that contact. In this general model, delamination of the Archean
lithospheric mantle at the rear (retro-side) of an accretionary orogen provides the
required advection (Fig. 15).

Numerical experiments of long-lasting collisional orogeny produce widening hot
orogens as a consequence of subducting slab retreat (Ueda et al., 2012). Such orogens
are by definition devoid of lithospheric mantle. Their crust is exposed to upward
asthenospheric flow leading to massive magmatic accretion, making them type-analogs
of Precambrian accretionary orogens (Chardon et al., 2009). The simulations of Gray
and Pysklywec (2012) have shown that asthenospheric upward flow due to slab retreat
on the pro-side of such orogens can induce delamination of the lithospheric mantle on
the retro-side of the orogen (i.e., the cratonic side). Retro-delamination enhances craton-
ward asthenospheric flow that fills in the space widened between the down-going
lithospheric slab and the crust (i.e., corner flow). This creates the conditions for extreme
heating and mixing of Archean crust with juvenile magmas. Instead of an orogenic
wedge, shortening of such a weak and buoyant mix results in a steep narrow
transpressional orogen efficient at thickening and extruding HP-HT material (Fig. 15).

Retro-delamination would account for a mixing of cratonic and accreted juvenile
crust on the retro-side of the accretionary orogen. Protracted delamination further
implies that the active narrow collisional orogen is transient and migrates craton-ward
with delamination, resulting in a progressive craton-ward “replacement” of the cratonic
crust by juvenile crust. If this model is correct, a craton-ward younging pattern of

magmatism and an increasing cratonic crustal inheritance is expected across the
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accretionary orogen, which appears to be the case in the sSWAC (Parra-Avila et al.,
2017, 2018; Grenholm et al., 2019). Such a pattern is at odds with a classical model of
unidirectional outward continental growth, although slab retreat history (Fig. 15) would
still permit juvenile accretion across most of the width of the accretionary orogen.
Finally, the retro-delamination model implies that craton-ward migration of the collision
zone leads to the abandonment of relict HP/HT rocks behind, which would be
incorporated into the accretionary orogen.

Long-lived delamination at the rear of accretionary orogens could ultimately
lead to the destruction of their flanking cratons by “digestion” of their crust by the
juvenile orogenic crust and sinking of the cratonic mantle lithosphere into the
asthenosphere. To summarize, delamination-driven retro-growth of accretionary
orogens at the expense of cratons opens new perspectives onto the processes of
continental growth. Such orogens would indeed grow partly by reworking of cratonic

crust into juvenile crust instead of by the sole accretion of juvenile crust against cratons.

5.3 Methodological remark

The present work provides a regional structural and kinematic framework for the
western sSWAC to be tested or further documented. The methodology we have
developed is a cheap but powerful predictive tectonic tool integrating existing
documentation and freely accessible data. Such an approach should therefore be favored
for exploring the large-scale structure of basement terrains, especially those poorly
exposed or not surveyed with airborne geophysics. That approach values information
and structural measurements stored in quadrangle maps that are the “sleeping beauties”

of basement geology because they are largely unexploited. These information and data
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were painstakingly retrieved by generations of geologists that have worked in difficult

environments. The present contribution is a tribute to these colleagues.

6 Conclusion

A protocol combining photointerpretation and the extraction of structural information /
measurements from geological maps allowed for mapping the deformation pattern of
the southern West African craton. The deformation pattern recorded overall E-W
convergence through a heterogeneous transpressive deformation pattern imprinting both
the Eburnean accretionary orogen and its Archean continental buttress while the orogen
was being built. The craton margin, which was thermally weakened by mantle
advection, developed a narrow hot orogenic system typified by intense steep
transpressive strain leading to significant crustal thickening and HP-HT metamorphism.
A kinematic model is proposed that involves oblique transcurrent shearing of the craton
margin leading to asymmetrical indentation of the accretionary orogen. The regionally
anastomosed shear zone system rooted into the narrow collisional orogen
accommodated large-scale flow of the actively growing Eburnean orogen escaping the
advancing indenter. Delamination of the cratonic lithospheric mantle provides a
mechanism for focusing heat advection at craton edge that enhanced steep narrow
transpressional collisional orogeny at the rear of accretionary orogens. This model has
implications for continental growth through the growth of accretionary orogens at the

expense of their flanking cratons.
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Figure captions

Figure 1. Structural map of the Eburnean-Transazonian orogen on a Transatlantic
reconstruction in today’s African reference frame (modified after Chardon et al., 2020).
The Reguibat shield and the southern West African craton (sSWAC) are the two main
outcrops of the West African craton. Tectonic fabric (thin black lines) coincides with
the fabric derived from joint interpretation of medium-wavelength (>30 km) Bouger
gravity anomaly and magnetic data by Jessell et al. (2016), which allowed mapping the

fabrics in buried basement in West Africa.

Figure 2. Structural map of the southern West African craton (after Chardon et al.,

2020).

Figure 3. Illustration of the mapping protocol of the lithofabrics deduced from the
structural grain of geological maps (a, b) and photointerpretation (b, ¢). (a) Geology of
the Ziglo area. (b) Corresponding interpretative lithofabrics (geology and foliation
measurements after Papon and Lemarchand, 1973). (c) Google Earth image of the
Bonju area (© 2022 Maxar Technologies, © 2022 CNES / AIRBUS). (d) Corresponding
interpretative lithofabrics (foliation measurements after Setz, 1977b; Thiéblemont et al.,

1999b). Map frames are located on Figure 2.

Figure 4. Mapping protocol of the tectonic fabric illustrated on the Sassandra corridor

(location of map frame on Fig. 2). (a) Lithofabrics and foliation measurements. (b)
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Interpretative tectonic fabric and foliation measurements. Field measurements are from
Papon and Lemarchand (1964a, 1964b, 1973), Force and Beikman (1977), Force and
Berge (1977), Tysdal (1977b), Turner et al. (1993), Delor et al. (1995a, 1995b, 1998),
Direction de la Géologie (1996), Iliescu et al. (1999), Lahondére et al. (1999),
Thiéblemont et al. (1999a, 1999b), Caby et al. (2000), Feybesse et al. (2006a, 2006b),
Mamedov et al., (2010). International borders are shown as blue dashed lines in (a).

Localities are shown on both maps as white dots.

Figure 5. Illustration of the shear zone mapping protocol. (a) Tectonic fabric. (b)
Tectonic fabric and interpreted shear zones. (Same map frame and localities as in Fig.

4)

Figure 6. Comparison of the shear zone pattern mapped for the present study (a) and
field mapping (b) on the example of the Sassandra corridor (same map frame and
localities as in Figs. 4 and 5). Supracrustals/greenstones are shown in green. (b) is
compiled after Papon and Lemarchand (1964a, 1964b, 1973), Force and Beikman
(1977), Force and Berge (1977), Tysdal (1977b), Delor et al. (1995a, 1995b, 1998),
Direction de la Géologie (1996), Kouamelan et al. (1997), Iliescu et al. (1999),
Thiéblemont et al. (1999a, 1999b), Caby et al. (2000), Feybesse et al. (2006a, 2006b),

Koffi et al. (2014).

Figure 7. Structural map of the Archean-Paleoproterozoic collision zone, western

portion of the southern West African craton (map frame located on Fig. 2). Mega shear

lenses (separated by first-order shear zones) are numbered from 1 to 14. Our fabric
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mapping in the Faranah - Makeni area is complemented by that of Venkatakrishnan and
Culver (1989). Inset: Main structural domains (numbered I to IV) and first-order shear

zones. Wider shear zones (> 5 km) are filled in dark grey.

Figure 8. Simplified structural map of the western part of the southern West African

craton (simplified from Fig. 7) showing the areas of Figures 9, 10 and 11.

Figure 9. Maps showing the relations between the mapped shear zone pattern and fabric
measurements (the two maps have the same scale and orientation; location on Fig. 8).
(a) Odienné quadrangle, northern portion of the Sassandra shear zone at the junction
with the Kankan-Odienn¢ shear belt (measurements after Caby et al., 2000). All the
sub-vertical mineral-stretching lineations are reported from supracrustal rocks. (b)
Northern half of the Gbanka quadrangle, encompassing the Man-Gbanka shear zone
(measurement after Force and Dundar, 1977). Wider shear zones (Fig. 7) are filled in

light grey.

Figure 10. Maps showing the relations between the mapped shear zone pattern and
fabric measurements (located on Fig. 8). (a) Kankan quadrangle, northern margin of the
Kankan-Odienné shear belt / southern Siguiri basin (measurements after Feybesse et al.,
2004b). (b) Zorzor area, encompassing the Simandou shear zone (measurements after

Stez, 1977b; Thiéblemont et al., 1999b). Wider shear zones (Fig. 7) are filled in light

grey.
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Figure 11. Statistics of fabric measurements for three regions of the study area where
mineral-stretching lineations are documented (see Fig. 8 for the areas of data
collection). (a) Eastern part of the study area, encompassing the Sassandra shear zone
and eastern domain IV (mostly). (b) South-central part of the study area, encompassing
the Man-Gbanka shear zone. (¢) Northwestern part of the study area, encompassing the
western portion of the Kankan-Odienné shear belt. Partitioning schemes depict averaged
shear lens systems deduced from foliation trends maxima (red arrows) considered as
tracking the two main sets of shears flanking the shear lenses. Orientation of the shear
lenses is compared to that of the nearest regional scale shear zone. Equal area, lower
hemisphere nets, data contoured at 2 ¢ using the Stereonet software (Almendinger et al.,
2013). Sources for the data in (a): Papon and Lemarchand (1964b); Turner et al. (1993);
Delor et al. (1995a, 1995b, 1998); Direction de la Géologie (1996); Lahondere et al.
(1999b); Caby et al. (2000); Feybesse et al. (2006a, 2006b, 2006c, 2006¢, 2006f, 2006g,
2006h); (b): Papon and Lemarchand (1973); Force and Beikman (1977); Force and
Berge (1977); Force and Dunbar (1977); Setz (1977a, 1977b); Thorman (1977);
Wallace (1977); Tysdal and Thorman (1983); Thié¢blemont et al. (1999a, 1999b); Delor
et al. (1998); Mamedov et al. (2010) and (c): Egal et al. (1999a, 1999b, 2004) ;

Feybesse et al. (2004a, 2004b, 2004c); Mamedov et al. (2010).

Figure 12. Simplified time frame for Eburnean plutonism (U-Th-Pb dating), high-grade
metamorphism and partial melting (U-Th-Pb dating), and high temperature cooling
(amphibole and biotite Ar-Ar dating) in the Archean-Paleoproterozoic collision zone of
the southern West African craton (map area of Fig. 7). Compiled after Onstott and

Dorbor (1987); Cocherie et al. (1998); Kouamelan et al. (1997, 2015, 2018); Egal et al.
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(1999b, 2002); Lahondere et al. (1999a, 1999b, 2002); Thiéblemont et al. (1999a, 2001,
2004); Feybesse et al. (2004b, 2004c, 2004d, 2006a, 2006b); Goued;ji et al. (2014);
Lebrun et al. (2016); Eglinger et al. (2017); Wane et al. (2018); Koffi et al. (2020);

Meériaud et al. (2020).

Figure 13. Sketch structural model for the Archean-Paleoproterozoic collision in the
southern West African craton. The Man-Gbanka shear zone trends NE at this stage i.e.,
before clockwise rotation of the Kénéma-Man domain that led to its final ENE trend
(see Fig. 14). Among the exhumed lower crustal units, those extruded at the front of the
Man-Gbanka orogen may still contain relicts of Archean crust (e.g., mega shear lens 8
in Fig. 7; Kouamelan et al., 2015). Others, more distant from the collision zone, would

essentially be made of Birimian juvenile crust accreted after 2.23 Ga.

Figure 14. Kinematic model for the collision between the Sarmatia-Kénéma-Man
craton and the Eburnean accretionary orogen. (a) Early, oblique shearing stage. (b)
Indentation stage. (c) Late stage of indentation and clockwise rotation of the deforming
indenter. (d) Sketch illustrating the rotation from stage (b) to stage (c). Shear pattern in

the eastern sWAC and Guiana shield are adapted from Chardon et al. (2020).

Figure 15. Lithospheric-scale configuration of collision at the contact of an
accretionary orogen with its flanking craton, adapted for the present study from the
models of Chardon et al. (2009) and Gray and Pysklywec (2012). Upward
asthenospheric flow due to slab retreat at the pro-side of the orogen induces retro-

delamination of the cratonic lithospheric mantle. This leads to hot asthenospheric corner
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flow - and therefore heat/magmatic advection - into the craton-accretionary orogen

collision zone (e.g., the Man-Gbanka orogen in the West African case, on a broadly W-

E cross-section). The collision zone therefore absorbs convergence by steep

transpression and vertical extrusion of ultra-soft, HP-HT hybrid (cratonic and juvenile)

crust.
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