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Abstract 

The granito-gneissic complex of Kan is located in the central part of 

the Paleoproterozoic domain of Côte d’Ivoire. It consists essentially of 

migmatitic and mylonitic gneisses with basic intrusions and xenoliths. This 

Proterozoic domain belongs to the Man Leo shield, southern part of West 

African craton (WAC). The present study, essentially based on a structural 

analysis at outcrop scale, aims to identify deformation mechanisms and 

tectonic phases recorded in the granito-gneissic complex of Kan. Deformation 

mechanisms include: (1) flattening, (2) constriction, (3) simple shear (4), 

rotation (5), brittle shear, and (6) extension. The Kan complex deformation 

occurred during four major tectonic phases named D1, D2, D3 and D4. D1 

corresponds to WNW-ESE compression. It led to the formation of NS to 

NNE-SSW foliation, of stretching lineation, and of folds with sub-horizontal 
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axes. It is accompanied by N170° and N10° sinistral shear zones, which 

constitute globally a NS major transcurrent shear zone in the central part of 

Côte d’Ivoire. D1 is also marked by N90° dextral shear zones. Tectonic phase 

D2 is associated with EW compression. It is marked by N50° dextral and 

N110° sinistral transcurents shear zones. D3 corresponds to NNE-SSW 

compressive phase and is responsible of N110° crenulation cleavage 

formation. D4 constitutes a brittle deformation phase. It corresponds to post-

eburnean deformation in the Proterozoic crust of Côte d'Ivoire. Generally, 

these deformation phases are similar to D2 and D3 reported in the Man-Leo 

shield and that are part of regional collisional phase referred to as Eburnean 

orogeny in the WAC. 

Keywords: Deformation, Gneiss, Paleoproterozoic, Côte d’Ivoire, West 

African Craton 

 

Introduction 

The Paleoproterozoic or Baoulé-Mossi crust of Côte d'Ivoire belongs 

to the southern West African craton (WAC) (Figs 1 and 2). It is composed of 

volcano-sedimentary rocks, metasediments and granitoids (Yace, 1982). 

Within granitoids, occurs the granito-gneissic complex of Kan, which is 

subject of the present study. It is located in the central part of Côte d'Ivoire 

precisely between the volcano-sedimentary belt of Toumodi- Fètèkro in the 

east and the metasediments of Comoé in the west (Fig. 3). It extends over a 

length of 100 km and an average width of 20 km (Daouda, 1998). Previous 

works on the complex of Kan have been devoted to understanding its 

relationship with volcano-sedimentary rocks and adjacent metasediments. 

Mortimer (1990, 1992) argues that the Kan’s complex is the equivalent of the 

Dabakala gneisses (north of Côte d'Ivoire) assimilated to Burkinian (2.4-2.15 

Ga) (Lemoine, 1988). He shows that it constitutes the Burkinian substratum 

of the basin rocks and defines structural contacts at the eastern and western 

boundaries respectively with the Comoé basin and the volcanic rocks of 

Toumodi. Daouda (1998), based on structural and metamorphic studies at the 

eastern boundary of the Toumodi-Fètèkro volcano-sedimentary belt, shows 

that the granito-gneissic complex of Kan has subsequently developed into the 

basin formations in a strike-slip shear zone. Therefore, it does not constitute 

the Burkinian substratum of the basin rocks. He indicates that this complex is 

a syntectonic granitoid set up in a transcurrent system. Although some 

structural aspects of the granito-gneissic complex of Kan are addressed by 

previous studies, others such as 
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Figure 1: Geological sketch map of West African Craton, modified (after Trumpet 1973) 

with location of the study area 

1: Archean; 2: Birimian; 3: Paleozoic basins locally encompassing the upper Precambrian; 

4: Mobile areas; 5: Post-Neoproterozoic Lands; 6: Post-Paleozoic lands; 

 

 
Figure 2: Geological sketch map of the Man-Leo shield (modified from the BRGM 

SIGAfrique map, Milési et al., 2004) with location of the study area. 

 

the mechanisms and tectonic phases are less well known. Thus, this work 

aims to provide new data on the deformation mechanisms of the Kan’s 
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complex. It will help to identify the different tectonic phases recorded in this 

part of Proterozoic crust of Côte d'Ivoire in order to situate them in the general 

context of the West African Craton deformation. 

 

Geological context 

The Precambrian crust of Côte d’Ivoire, comprises two main domains 

of different ages. Those are the Archean domain to the west and the 

Proterozoic domain to the east, separated by the NS fault of Sassandra 

(Bessoles, 1977). The Archean domain was structured during two major 

orogenic cycles: the Leonian (3.3 Ga to 3.0 Ga) and the Liberian (2.9 Ga to 

2.7 Ga), (Yace, 1984; Kouamelan, 1996; Pothin et al., 2000; Pitra et al., 2010). 

This domain includes high-grade metamorphic units such as granulitic gray 

gneisses and charnockites. The Proterozoic domain, to which the Kan complex 

belongs, was structured by the Eburnean megacycle. This domain contains 

Birimian age rocks considered to be an episode of crustal creation between 2.5 

Ga and 2.1 Ga (Abouchami et al., 1990, Boher et al., 1992). The Birimian 

rocks form volcano-sedimentary belt generally oriented NNE-SSW and 

bordered or intruded by granitoids. 

Polyphase deformation have been reported in the Birimian crust of the 

southern West African Craton (WAC). The first one (D1) is attributed to 

collision tectonic at 2,1 Ga. It contributed to the cratonisation of terrane around 

the Archean nuclei. The early Proterozoic was placed in thrust contact with 

the Archean basement. (Feybesse et al., 1989). The second and third (D2 and 

D3) phases are related to major transcurent tectonics (Milési et al., 1992). They 

correspond to a new compressive phase and affected the whole Birimian 

series. The D2 deformation is marked by NS to NNE-SSW sinistral strike-slip 

faults that are locally associated with SE vergin thrust zone. The D3 

deformation is related to NE-SW dextral strike-slip faults. 

Others studies in the Birimian of southern WAC, have attributed 

regional deformation events to collisional phase (Baratoux et al., 2011; 

Perrouty et al., 2012; Block et al., 2016a, 2016b; Masurel et al., 2017; 

Grenholm et al., 2019). The compilation of published studies on deformation 

events during collisional phase, highlighted that early events (2160-2120 Ma) 

are many times associated with N-S oriented compression or extension, 

whereas subsequent deformation (2120-2070 Ma) is dominantly associated 

with NW-SE compression (Grenholm et al., 2019).  
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Figure 3: Geological sketch map of Côte d'Ivoire, (Kouamelan, 1996) locating the study 

area. 

1 = Archean domain; 2 = volcanites; 3 = granitoids of the greenstone belt type;  

4 = sedimentary basins; 5 = undifferentiated granitoids; 6 = granitoids with two micas of 

basin type; 7 = post-Birimian formations; 8 = major fractures 

 

Material and methods 

This study, essentially based on a structural analysis at outcrop scale, 

began with a field mission conducted by geologists team from the Laboratoire 

de Géologie du Socle et de Métallogénie of Université Felix Houphouët- 

Boigny of Côte d’Ivoire. It consisted in recognizing and describing all the 

mesostructures of deformation at outcrop scale, taking into account their 

geometries. The orientation (Strike, dip/plunge) of the different structures 

have been measured by using Sylva type compasses. The most beautiful 

structures were photographed. The laboratory works took place in the 

Laboratoire de Geosciences et Environnement of Université Ibn Tofaïl of 

Kénitra-Maroc. Firstly, it consisted of exporting the measurements obtained 

in the form of a text file to stereonet software which allowed to construct 

directional rosettes. Secondly, interpretations of the different structures were 
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made and were focused on the mechanisms and tectonic events responsible for 

their formations.  

 

Results 

Folds 

Gneissic rocks are affected by various types of folds at outcrop scale. 

Folds with subhorizontal axes are more represented. They occur in migmatitic 

gneisses and mainly affect granitic leucosome veins (Fig. 4A). Foliation is 

parallel to the axial planes of folds and is represented microscopically by fine 

glitter oriented recrystallization biotite. The axial planes are vertical and the 

folds axes dip slightly from 5° to 10°S. Intrafoliar folds are also common in 

gneisses. Their axial planes are subparallel to the foliation and they show 

subvertical axes. These folds are markers of shearing (Passchier and Trouw, 

2005). They comprise "S" type and "Z" type and mark respectively sinistral 

and dextral shearing (Fig. 4B and 4C). Sinistral shearing affects some folds 

limbs and leads to Rootless folds (Fig. 4D). These folds appear as the 

manifestation of a high intensity shearing. Others folds such as similar folds 

with vertical axes and axial planes oriented N10-40°E (Fig. 4D), sheath folds 

and Kink folds are also common in the gneissic rocks. Hinge zones and limbs 

of large symmetrical folds of incompetent leucogranitic layers produced by 

gneiss melting, display parasitic or subsidiary folds (Fig. 4E). Parasitic folds 

in the limbs are ‘’Z’’ folds and ‘’S’’ folds whereas those in the hinge are 

symmetrical ‘’M’’ folds. Their axial planes are parallel to the major folds ones 

and measure N10°. 

 

Foliation 

Foliation is characterized by alternating of centimetric quartzo-

feldspathic and ferromagnesian bands (Figure 5A). It is well developed in 

migmatitic gneisses. Foliation is subvertical (70°E) (Fig. 5A). Stereographic 

projection shows NS to NNE-SSW main direction (Fig. 8A). Its plane carries 

a subhorizontal lineation with a shallow plunge ranging from 5° to 10° N 

(Figure 5B). That lineation is due to the stretching of quartz, feldspar 

amphibole and biotite. The simultaneous presence of foliation and lineation 

confers an "SL" fabric to the gneisses of the Kan complex and particularly to 

the migmatitic gneisses. This fabric appears as the consequence of simple 

shear. 

 

Stretching lineation 

Stretching lineation is materialized by the stretching of quartz, 

feldspar, amphibole, micas, but also by basic xenoliths (Fig. 6A). It constitutes 

the main fabric of mylonitic gneisses. 
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Figure 4 : Photograph of folds at outcrop scale in the gneissic rocks. 

A: Folds with subhorizontal axes; B: Similar folds; C: Symmetrical major folds with 

parasitic Z, S and M folds sitting respectively in the left limb, right limb and in the hinge. 

Note foliation parallel to axial plane; D: Intrafoliar ‘’S’’ folds and rootless fold;  

E: intrafoliar "Z" fold. 
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Figure 5 : Photograph showing subvertical foliation (A) with subhorizontal mineral 

lineation (B) in migmatitic gneiss. 

 

 
Figure 6: Photograph showing  stretching lineations in the gneissic rocks. 

A:Mineral stretching; B: Stretching of basic xenolith; C:Stretching lineation showing 

subhorizontal plunge; D: Basic xenolith showing deformation by flattening in XZ plane of 

strain ellipsoid. 

 

 Mylonitic gneisses are characterized by prominent stretching 

lineation and can be consider as L- tectonites. Along a West-East profile, L 

tectonites are observed to the western an eastern part of the study area in 

mylonitic gneisses. They are relayed by the "SL" fabric in the central part 
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within migmatitic gneisses which show strong ductile deformation. Stretching 

lineation shows subhorizontal plunge (Fig. 6B, 6C). Stereographic projection 

gives NS to NNE-SSW principal direction (Fig. 8B). In the YZ plane of the 

strain ellipsoid, basic xenoliths often are flattened (Fig. 6D). 

 

Shear bands and S/C structures 

Rocks in the study area are affected by significant shearing (Fig. 7A-

7F). Five main shear bands directions have been identified. They are N10°, 

N170°, N050°, N90°and N110°. The N10°, N170° and N110° shear bands are 

sinistral while the N050 ° and N090° directions indicate dextral sense. The 

N170° direction appears abundant in the study area according to the 

stereographic projection (Fig. 8C). That shear band (N170°) superimposed the 

shearing direction given by the S/C structures. The latter one is observable in 

gneissic rocks but also in micaschists at the eastern boundary of Kan complex. 

S plane is oriented N10° and corresponds to the foliation while the C plane is 

oriented N170° (Fig. 7F). Shear bands planes carry subhorizontal mineral 

lineation with weak plunge (10°N). This lineation is similar to the mineral 

lineation carried by the foliation plane. 

 

Porphyroclasts, boudins and crenulation cleavage 

Porphyroclasts are essentially feldspathic and quartzic. They are well 

developed in gneisses and in pegmatite veins. They are mainly represented by 

the delta type (δ) (Fig. 9A) according to the classification of Passchier and 

Trouw, (2005). This structure with monoclinic symmetry belongs to the main 

markers of NS to NNE- SSE shearing in the study area. However, some θ-type 

with orthorhombic symmetry were observed. The sigma type (σ) with 

monoclinic symmetry indicating dextral shear is more rarely seen. In addition 

to ductile deformation, porphyroclasts are often affected by antithetic 

microfractures, leading to domino boudins. 

Boudins in the granito-gneissic complex of Kan are either asymmetric 

or symmetric. The first ones are largely dominated by shearband boudins. 

However some domino boudins are also distinguished and affect feldspar 

porphyroclasts. Shearband boudins show antithetical movement with respect 

to the general sinistral shearing. Symmetrical boudins no display sliding 

movement at their interface. They are oriented parallel to the foliation and the 

mineral lineation. Crenulation cleavage (S2) is produced by microfolding of 

the preexisting foliation (S1) (Fig. 9B) and is oriented N110°. 
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Figures 7: Photograph of the main shear bands directions in the granito-gneissic complex of 

Kan 

A: NS Sinistral shear band; B: N170° sinistral shear band; C: N110° sinistral shear band; D:  

N50° dextral shear band. E: N90° dextral shear band; F: S/C structure with S plane and C 

plane respectively oriented N10° and N170°. 
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Figure 8: Stereographic projections 

A: foliation; B: mineral stretching lineation; C: shear bands; D: fractures; E: quartz veins. 

 

 
Figure 9: Photograph of delta (δ) type porphyroclast showing sinistral shearing (A) and 

crenulation cleavage (B). Note crenulation cross cutting by N120° fractures. 

 

Fractures 

Fracturing affects all lithologies in the study area. However, it is more 

intensified in the mylonitic gneiss at the eastern limit of the Kan complex 

precisely in the locality of Laourébo and no far of the N'zi river. Fractures are 

essentially shear fractures. They are dominated by EW and NW-SE directions 

(Fig 8 D) which provoke dextral displacement. In addition to these directions, 

NE dextral and NS fractures have affected gneissic rocks. 
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Quartz veins and extensional fractures 

Quartz veins are generally oriented NS (Fig. 7E), parallel to the 

foliation with a dip ranging from 60°E to 70°E. They are similar to NS 

fractures and are essentially extensional veins with oblique fibers. In 

association with extensional fractures, they constitute NS to NNE-SSW 

extensional movement markers. Apart from that group of quartz veins, another 

group oriented EW is also distinguished. These veins are less represented in 

the study area and produce dextral displacements. Extensional fractures were 

observed mainly in the mylonitic gneisses approaching the metasedimentary 

rocks of Comoé basin. The recrystallization product is essentially quartz-

filling. Two main directions corresponding to two different families of 

extensional fractures are distinguished (Fig. 10A). The first family with an 

oblique fibrous structures (Fig. 10B) comprises larger extensional fractures 

oriented N080 to N100°. The second family with N120° to N130° orientations, 

comprise less larger extensional fractures. These two families are 

contemporary and are associated with EW compression. The second family is 

also formed by pull apart system.  
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Figure 10 : Photograph showing extensional fractures in gneissic rocks.  

A : EW extensional fractures and NW-SE extensional fractures;  

B: EW Extensional fractures with oblique quartz fibers 

 

Discussion 

Deformation mechanisms and associated tectonic events 

The foliation generally oriented NS to NNE-SSW and parallel to the 

axial plane of folds, is the manifestation of flattening. That deformation occurs 

during WNW-ESE shortening. Similar folds with vertical axes and basic 

xenoliths flattened in the XZ plane of the strain ellipsoid, are also the witnesses 

of flattening. WNW-ESE Shortening induced constrictional deformation 

materialized by the mineral stretching lineations and basic xenoliths ones. On 

the other hand, the subhorizontal stretching lineation carried by the foliation 

plane and the presence of asymmetrical intrafoliar and parasitic folds are the 

results of transcurrent movement which occurs during a simple shear 

deformation. The Main direction of shearing in the granito-gneissique of Kan 

is globally NS and includes (N170° and N10°directions).That shearing with 

sinistral sense, as materialized by S/C structures and sinistral N170° and N10° 

shear bands, led to rotational deformation, marked by the formation of an 

important delta (δ)-type porphyroclasts. The presence of these asymmetry 

structure and rootless folds is the result of a high intensity shearing (Passchier 

and Trouw. 2005).Thus, the granito-gneissic complex of Kan belongs to a 

major sinistral NS transcurrent shear zones which can be consider as an 

extension in the central part, of the Brobo shear zone. This major structure 

(Brobo shear zone), has been described by Lemoine (1982) and Gasquet 

(2003) in Dabakala region (Northern part of Côte d’Ivoire). Similar NS major 

transcurrent shear zones are well known in the Paleoproterozoic field of the 

West African Craton. Examples are Sassandra fault mentioned by Bard, 

(1974), Wango-Fitini shear zone described by Vidal et al. (1984) in the upper 
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Comoé basin and those mentioned in Kedougou area (Senegal-Mali) by Ledru 

et al., (1989) and Sadiola shear zone in Mali (Masurel et al., 2017). In addition 

to the principal NS shear zone, others, oriented N110° with sinistral sense and 

N050°, N090° with dextral displacements are distinguished in the Kan’s 

complex. Shear zones directions identified, are similar to those previously 

reported in the WAC (Vidal et al., 1994; Gasquet et al., 2003; McFarlane et 

al., 2017; Daï Bi et al., 2018; Dabo et al., 2018). These series of transcurrent 

deformations are all induced by WNW-ESE and EW shortenings.  

Intrafoliar ‘’Z’’ folds with axial planes subparallel to foliation are less 

represented in the gneissic rocks of the Kan’s complex. They are the 

consequence of a simple shear. They could be simultaneous to the formation 

of intrafoliar S folds or associated with a late-eburnean tectonic phase, 

expressing by NE-SW to NNE-SSW shortening. The last option seems more 

coherent with the presence of N110°crenulation cleavage. Thus NNE-SSW to 

NE-SW shortening would be responsible for a second NS shearing with 

dextral sense. That ‘’new’’ shearing, used partially the weak zone previously 

created by Brobo shear zone. It corresponds probably to the N’Zi shear zone 

previously defined by Bard (1974) in the Proterozoic crust of Côte d’Ivoire. 

Brittle shear is manifested by the presence of fractures, quartz veins 

and extensional fractures. The setting of extensional fractures is the result of 

an extensional mechanism deformation (Mattauer, 1980). In addition, quartz 

fibrous structures are obliques to the extensional fractures margins. That 

means, extensional fractures opened obliquely to the extension direction (NS 

to NNE-SSW) given by the X axis of the strain ellipsoid and materialized by 

the stretching lineation. Dextral fractures with EW, NW-SE and NE-SE 

directions and NS sinistral ones appear as the late deformation affected the 

granito-gneissic complex of Kan.  

 

Tectonic phases 

Four tectonics phases named D1, D2, D3 and D4 are recorded in the 

granito-gneissic complex of Kan: D1, D2 and D3 can be related to different 

compressions corresponding to different positions of the principal stress (σ1) 

(Fig. 11): 

The first (D1) phase corresponds to WNW-ESE compression. It is 

associated with the formation of subvertical NS to NNE-SSW foliation. 
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    Directions of shear zones produced during D1 compression 

    Direction of foliation 

    Directions of shear zones produced during D2 compression 

    Crenulation cleavage produced during D3 compression 
 

Figure 11: Sketch of the positions of the principal stress (σ1) and associated shear zones, 

during the deformation of the granito-gneissic complex of Kan. 

 

 That deformation phase is responsible of the formation of stretching 

lineation, of the folds with subhorizontal axes, and of symmetrical and 

asymmetrical boudins. It is accompanied by ductile sinistral shear zones with 

NNW-SSE to NNE orientation and by EW dextral shear zone. 

 D2 phase is associated with EW compression, after a progressive 

rotation of the principal stress from WNW-ESE position to EW. It is marked 

by NE-SW (N50°) dextral and ESE-WSW (N110°) sinistral shear zones. D1 

and D2 phases identified, belong to the D2 tectonic phase that Ledru et al. 

(1989) mentioned in Kedougou area of Senegal-Mali. These phases are also 
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similar to the D2 and D3 deformation phases reported by Milési et al., 1992 in 

the Birimian orogenic belt of West African craton. 

 D1 and D2 present the characteristics of EI and EII deformation 

episodes described by Lompo (1991) in the Kwademen region in Burkina Faso 

and the D2 deformation reported by Vidal et al. (1996) in the upper Comoé 

basin (Côte d’Ivoire). Baratoux et al, (2011), have related D1 deformation 

phase in the western Burkina Faso, to EW to WNW-ESE compression. 

 Dextral NE-SW shear zone has been reported in Sefwi series (Ghana), 

such as Ketesso (Jessell et al., 2012; McFarlane et al., 2017). The first 

deformation phase (Dj1), identified in the Julie gold deposit, in the northwest 

of Ghana, is materialized by dextral EW shear zone (Amponsah et al., 2015). 

In the Siguiri basin of Guinea, the main and second phase of deformation (D2s) 

is interpreted to have been associated with EW to ENE-WSW directed 

compression (Lebrun et al., 2017).  

 D3 corresponds to a NNE-SSW compressive phase. It is marked by a 

N110 crenulation cleavage. This phase corroborates the third (D3) 

deformation phase of Vidal et al (1996) and Baratoux et al, (2011). 

 In the Birimian formation of Mako, eastern Senegal, a sinistral 

transpression with NNE-SSW shortening is identified as tectonic phase D2 

and belongs to Eburnean event (Dabo et al., 2018).  

 Compressive phases D1, D2 and D3 are related to the collisional phase 

during Eburnean orogeny in the in the WAC. They there are therefore 

associated with the general accretionary-collisional system that extends into 

Réguibat shield and into equivalent crust in the Amazon craton. The D1 and 

D2 phases took place at around 2120-2070 Ma while D3 occurred at about 

2025 Ma (Grenholm et al., 2019). 

 D4 is marked by EW, NW-SE, NE-SE dextral and NS sinistral 

fractures. These structures are related to post-Eburnean movements (Vidal and 

Alric, 1994).  

 

Conclusion 

This study has shown that the deformation of the granito-gneissic 

complex of Kan results from different mechanisms such as flattening, 

constriction, simple shear accompanied by rotation, brittle shear with or 

without extension. This deformation occurred during four tectonic phases D1, 

D2, D3 and D4. The first (D1) and the second (D2) tectonic phases correspond 

respectively to WNW-ESE and EW compressions. They generated intraplate 

transcurrent shear zones, including the principal NS sinistral shear zone, which 

constitutes an extension of the Brobo fault in the central part of Côte d’Ivoire. 

These two tectonics phases are followed by a late NNE-SSW compressive 

phase (D3) and by a post-eburnean brittle deformation phase D4. The 

deformation phases recorded in the granito-gneissic complex of Kan are in 
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general the results of the collisional phase during Eburnean orogeny at around 

2120-2025 Ma. in the southern part of the West African craton. They are part 

of accretionary-collisional system that extends in the north of the WAC into 

Réguibat Shield. 
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