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Abstract

The Dimbokro-Abengourou Birimian Trough is a volcano-sedimentary unit
in the central-eastern part of Cote d’Ivoire, forming part of the Proterozoic
domain of the West African craton. It consists mainly of metasediments,
schists, metagrauwackes and quartzites, intruded by granitoids. This study
aims to characterise, using teleanalytical data and field structural analysis, the
deformation mechanisms and phases recorded in these formations, particu-
larly in the Dimbokro area. Interpretation of satellite imagery and the digital
elevation model has enabled the mapping of the structural lineaments of the
rift, dominated by a NE-SW to NNE-SSW trend, parallel to the extension of
the belt. In the field, the metasediments show an initial ductile deformation
phase D1, transpressive, marked by S1 flow schistosity oriented N00°-N15°
and dipping subvertically to the east, associated with left-lateral C1 shear
planes oriented N170° forming S/C structures, as well as symmetrical sinuses
oriented N0O°-N10°. A second, more subtle phase D2 develops a crenulation
schistosity S2 oriented N110°, which overlies and folds S1 in the finest-grained
facies. These two ductile phases are followed by a brittle deformation phase
D3, manifested by E-W-trending joints, left-lateral and right-lateral detach-
ments, and the left-lateral detaching Dimbokro fault oriented N10° with a sub-
vertical dip, as well as by quartz veins oriented N-S to NNE-SSW or E-W to
ENE-WSW. Late-stage E-W doleritic veins mark the conclusion of the re-
gion’s tectono-magmatic history. These results, when compared with those
obtained in other Birimian belts in the southern part of the West African cra-
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ton, fit within the regional pattern of the Eburnian orogeny and confirm the
polyphasic nature of the deformation in the Dimbokro-Abengourou trough.
Keywords

Dimbokro, Bassin of Comoe, Dimbokro-Abengourou, Metasediments,
Deformation, West African Craton

1. Introduction

The eastern part of the Precambrian crust of Cote d’Ivoire belongs to the Prote-
rozoic domain of the West African craton (Figure 1) [1], which was structured
during the Eburnaian cycle between 2.25 and 2.05 Ga [2]-[5]. This domain, also
known as the Baoulé-Mossi domain, comprises Birimian volcano-sedimentary
belts oriented generally NE-SW to NNE-SSW, alongside extensive syn- to late-
tectonic granitoid massifs [6] [7]. The Dimbokro-Abengourou Trough, the sub-
ject of this study, forms part of this group of belts. It extends for several tens of
kilometres across the central-eastern part of the country, between the Dimbokro
and Abengourou regions, and continues into neighbouring Ghana. The overall
geology of the graben has been known since regional mapping studies [8] [9], but
its internal deformation, the mechanisms that produced it and their chronological
sequence remain poorly documented. This study aims to provide new data on this
subject by combining a teleanalytical analysis of the major structures of the rift
with a field structural study of the metasediments that comprise it, namely schists,
metagrauwackes and quartzites. The aim is to identify the mechanisms of ductile
and brittle deformation observed in these rocks and to propose a sequence of tec-

tonic phases consistent with the regional framework of the Eburnaean orogeny.

2. Geological Context

The West African craton is traditionally subdivided into an Archean domain to
the west and a Proterozoic domain to the east, separated by the Sassandra fault
zone [10]. The Proterozoic domain, to which the Dimbokro-Abengourou trough
belongs, resulted from Birimian crustal accretion dated between 2.2 and 2.1 Ga
[11]. It comprises belts of greenstone, consisting of basaltic to andesitic lavas and
their associated volcanic-detrital rocks, and predominantly sandstone-pelite sed-
imentary basins, all intruded by several generations of granitoids [2] [6] [12]-[17].
In the central-eastern part of Coéte d’Ivoire (Figure 2) [8], the Dimbokro-
Abengourou trough corresponds to an elongated NE-SW-trending belt of vol-
cano-sedimentary formations, flanked to the west and east by massifs of undiffer-
entiated granitoids [8] [18]-[20]. Sedimentary formations are largely dominant
here and consist mainly of schists, metagrauwackes and, more locally, quartzites,
which are the subject of this study. These formations are associated with volcanic

and volcaniclastic layers, as well as basic to intermediate veins and massifs. The
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trough shares with the other Birimian belts in the southern part of the craton, such
as Fettékro-Toumodi or the Haute-Comoé, a multi-phase structural evolution,
characterised by Eburnaian ductile deformation followed by later brittle defor-

mation [21]-[23].
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Figure 1. Geological map of the West African craton, showing the

location of the study area (adapted from [1]).
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Figure 2. Geological map of the Dimbokro-Abengourou trough,

showing the location of the study area (adapted from [8]).
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3. Methodology

This study is based on two complementary approaches. The first is a teleanalytic
analysis, conducted using a Landsat 8 OLI/TIRS satellite image acquired on Janu-
ary 14, 2022, and a 30-meter-resolution SRTM digital elevation model, both
downloaded from the USGS (Earth Explorer) website. Image processing was per-
formed using ENVI 5.3. Several image enhancements were tested to highlight the
furrow structure: band ratios (3/4, 4/5, 4/6, and 4/7), RGB color composites (7-5-
2, 7-3-1, and 7-4-2), as well as a principal component analysis (PCA) applied to
bands OLI2 through OLI7. A Sobel directional filter (7 x 7 window) combined
with the Yésou filter was then applied to enhance linear discontinuities. The main
lineaments, corresponding to topographic breaks, drainage alignments, or litho-
logical contacts, were manually digitized on these enhanced images and then plot-
ted on a map of the structural lineaments of the trough (Figure 3). Their orienta-
tion was then processed as a directional rose diagram to highlight the major struc-

tural directions.
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Figure 3. Digital elevation model with shaded relief (SRTM, 30 m), covering
the central-eastern part of the Dimbokro-Abengourou trough.

The second approach is a field structural analysis conducted at the outcrop scale
in the metasediments of the rift valley. It involved identifying and describing the
various deformation structures flow schistosity, crenulations, shear bands, sills,

fractures, and veins measuring their orientation (direction, strike, or dip) using a
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Sylva-type compass, and photographing the most representative structures. In to-
tal, more than 450 outcrops, including fresh to slightly weathered rocks as well as
saprolites, were described along the entire length of the trough, supplemented by
the observation of about 100 gold-panning pits. Since outcrops of fresh rock
proved to be infrequent, 35 samples of unaltered rock were collected to character-
ize the macroscopic and microscopic petrography of the main facies encountered
(Figure 4), and were prepared as 35 thin sections. All structural measurements
(direction, dip, or dip angle) 320 in total were analyzed using rose diagrams to
discuss the deformation mechanisms and their chronological sequence. The di-
rection of the principal shortening (o1) associated with each deformation phase
was determined using the bisector method for the acute angle formed by the con-
jugate shear planes measured in the field (shear zones C1 for D1, schistosity S2 for
D2, faults and joints for D3), plotted as directional rosettes.
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Figure 4. Map of the structural lineaments of the Dimbokro-Abengourou trough.

4. Results
4.1. Remote Sensing Data

Analysis of satellite imagery and the digital elevation model has enabled the iden-
tification of a dense network of lineaments within the Dimbokro-Abengourou
trough (Figure 4). These lineaments, most of which correspond to zones of ductile
shear or brittle fractures, form a structural grid organised around a main NE-SW
to NNE-SSW trend, parallel to the general elongation of the rift and its contact
with the surrounding granitoids. This major trend encompasses most of the long-
est-extending lineaments, which traverse the entire belt for several kilometres.

Associated with this main trend are secondary families of lineaments, which are
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less numerous but clearly distinct, oriented generally NW-SE and E-W. These sec-
ondary lineaments intersect the main structural fabric and are generally shorter
and less continuous, suggesting that they correspond to later-stage structures. The
lineament map also highlights, near the contacts between metasediments and
granitoids, a concentration of structures that emphasises the role of these litho-

logical boundaries in the localisation of deformation.

4.2. Macroscopic Petrography

Three main metasedimentary facies have been identified in the Dimbokro-
Abengourou trough: schists, metagrauwackes and quartzites (Figure 5). Schists
form the most widespread facies. These are fine-grained rocks, ranging in colour
from greenish-grey to dark grey, exhibiting a distinct schistose texture (Figure
5(a)). They consist mainly of sericite, chlorite and quartz, with varying propor-
tions of opaque minerals. Under a thin section, these minerals exhibit a distinct
preferential orientation, which gives rise to the macroscopic schistosity (Figure
5(b)).

Metagrauwackes occur as more massive beds, ranging in colour from bluish-
grey to greenish-grey (Figure 5(c)). They exhibit a subtle grain sorting and a het-
erogeneous composition comprising quartz grains, feldspar and lithic fragments
embedded in a fine sericite-chlorite matrix. Microscopic examination reveals
subangular to subrounded grains, weakly to moderately sorted, separated in places

by fine recrystallisation zones (Figure 5(d)).

2001L

Figure 5. Macroscopic and microscopic features of the metasediments of the Dimbokro-
Abengourou trough. (a), (b): Schist; (c), (d): Metagrauwacke; (e), (f): Quartzite.
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The quartzites, which are less abundant, form more resistant layers, ranging in
colour from whitish to greyish, with a splintery fracture (Figure 5(e)). They con-
sist almost exclusively of quartz, organised into a mosaic of grains with sutured
joints, indicating dynamic recrystallisation (Figure 5(f)). Locally, these quartzite
layers form topographical ridges that highlight the structure of the rill on the

ground.

4.3. Structural Analysis

The metasediments of the Dimbokro-Abengourou trough show evidence of pol-
yphasic deformation, combining an early ductile component with a later brittle

component.

4.3.1. Ductile Deformation

The ductile the ductile deformation observed in the metasediments of the Dim-
bokro-Abengourou trough resulted from two successive phases, designated D1
and D2 (Figure 6). Phase D1 is the oldest and most developed. At the outcrop
scale, the SO stratification is defined by centimetre- to decimetre-thick beds, ori-
ented N-S to NNE-SSW (N05°-N15°), with a subvertical dip of approximately 70°
to the east. This stratification is distorted by the development of a flow schistosity
S1 that runs parallel to it (Figure 6(a)). At the outcrop scale, SO and S1 are distin-
guished on the basis of the alternation in grain size and composition that charac-
terises the metasedimentary beds. The micaceous quartzite layers, which are
coarser-grained and up to a centimetre thick, exhibit only slight S1 schistosity and
retain their original bedding structure (0.2 to 1.5 mm) of angular to subrounded
grains, characteristic of the SO stratification. Conversely, the fine-grained, inter-
stratified greiso-pelitic layers are characterised by intense, penetrating S1 schis-
tosity, defined by the alignment of muscovite, chlorite and biotite, which almost
completely obscures the original bedding. It is this contrast in behaviour between
the two facies SO, well preserved in the coarse-grained layers, and S1, dominant in
the fine-grained layers that allows the two structures to be distinguished despite
their parallel orientation (NNE-SSW, subvertical dip at 70°E). S1 schistosity is
particularly well expressed in the mica schists and metapelites, where the align-
ment of muscovite and biotite defines a continuous, penetrating foliation plane.
Its orientation is not perfectly uniform across the entire trough: in the northern
sectors, S1 is oriented NS to N10°, with a subvertical dip of close to 70° to the east,
whilst towards the south the orientations deviate slightly from this direction and
the dips become more variable. This geometry is consistent with transpressive de-
formation, as is typically observed in the Eburnian corridors of Cote d’Ivoire. The
D1 phase is also characterised by left-lateral shear planes C1, oriented NNW-SSE
(N170°). The juxtaposition of plane C1 and the schistosity plane S1 leads to the
formation of S/C structures in the mica schists of the Dimbokro area (Figure 6(c)
and Figure 6(e)). These two contemporaneous planes were established by the

same deformation event. The acute angle formed between S1 and C1 is consistent
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with a left-lateral shear direction, in line with the regional Eburnean tectonic re-
gime; this kinematic interpretation is based on the S/C geometry observed in the
field, as no measure-ments of lineations or striations could be carried out to
confirm it quantitatively. In addition to these structures, there are symmetrical,
centimetre-thick bands, interstratified with quartz veins, which are common in
the mica schists of the Dimbokro region (Figure 6(d)). Lacking any slip move-
ment at their interface, these bands are oriented N0O° to N10°, and are therefore
parallel to S1; they reflect constrictive deformation, which confirms the trans-
pressive regime of the D1 phase.

The S1 schistosity is followed by a second deformation phase, D2, characterised
by the development of an S2 crenulation schistosity oriented N110° (Figure 6(b)).
This crenulation schistosity has been observed in the fine-grained facies of the
sandstone-pelite formations in the Dimbokro area. It folds and crenulates the pre-
existing S1 schistosity and develops an axial plane oriented WNW-ESE. Phase D2
thus corresponds to a ductile deformation occurring after D1, inducing a partial
rotation of the early structures and marking a change in tectonic regime, with the
direction of shortening shifting from a WNW-ESE orientation to an NNE-SSW
orientation. This deformation, which is less intense and less widespread than D1,
remains confined to the most ductile facies, in particular the fine-grained mica

schists.

Figure 6. Photographs of the ductile structures observed in the Dimbokro-Abengourou trough. (a): S1 flow schistosity parallel to
S0 (N10°); (b): S2 crenulation schistosity (N110°) cutting across S1; (c): S/C structure associated with the C1 shear plane (N170°);
(d): Symmetrical quartz vein band (N00°-N10°); (e): Directional rosette of ductile shear features.
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4.3.2. Brittle Deformation

Brittle deformation corresponds to a single, late-stage phase, designated D3,
which cuts across all the ductile structures described previously (Figure 7). It is
characterised by the development of brittle, left-lateral and right-lateral detach-
ments, as well as by E-W-trending joints that cut across the S1 schistosity. These
detachments and joints affect all lithologies within the trough indiscriminately
(Figure 7(a) and Figure 7(b)).

This D3 phase is also characterised by a regional left-lateral strike-slip fault,
trending NNE-SSW to N10° with a subvertical dip, the plane of which has been
identified in the mica schists of the study area: the Dimbokro Fault. This structure
cuts through both the metasediments and the plutonic intrusions and constitutes
the main expression of the late fracturing phase within the rift.

Finally, the D3 deformation is associated with the intrusion of quartz veins
(Figure 7(c) and Figure 7(d)). These veins are generally oriented N-S to NNE-
SSW, in concordance with the main schistosity S1, or exhibit E-W to ENE-WSW
orientations, indicating that they were formed late during the D3 phase. Their
thickness varies from a few centimetres to several decimetres. E-W-trending dol-
eritic veins, which are younger than all the structures described, mark the end of

the tectono-magmatic history of the rift and may be associated with a more recent

episode of crustal extension.

Figure 7. Photographs of brittle structures of the D3 phase observed in the Dimbokro-
Abengourou trough. (a): Brittle step associated with the Dimbokro fault (N10°); (b): Ro-
sette of E-W-trending joints; (c): Quartz vein trending N-S to NNE-SSW; (d): Rosette of
quartz veins, predominantly trending N-S to NNE-SSW.
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5. Discussion

The structural observations carried out in the Dimbokro-Abengourou trough,
supplemented by data from drill cores, make it possible to reconstruct a multi-
phase tectonic history involving at least three successive phases of deformation,
D1, D2 and D3, comparable in their mechanisms to those described in other Bi-
rimian belts in the south of the West Africa craton, notably in the Kan granito-
gneiss complex situated further to the west [24].

Phase D1 is the oldest and most developed of the phases recognised in the rift
valley. It accounts for the major ductile structures observed throughout the litho-
logical units: an S1 flow schistosity oriented N00°-N15°, with a subvertical dip to
the east; left-lateral shear planes C1 oriented N170°, which, together with S1, form
characteristic S/C structures in the mica schists; and symmetrical sinuses affecting
quartz banks and veins in a N00°-N10° direction.

These observations suggest that D1 corresponds to a WNW-ESE shortening
phase, associated with a likely left-lateral transpressive regime. This kinematic in-
terpretation is based primarily on the geometry of the S/C structures and on the
geometry of the symmetrical bands, in the absence of systematic measurements of
lineations, thin-section shear criteria or fault striation data. It is further supported
by the reconstruction of the direction of the principal shortening o1, deduced
from the bisector of the acute angle formed by the C1 shear planes measured in
the field (Figure 8), which indicates a WNW-ESE shortening direction consistent
with the proposed transpressive regime for D1. This geometric approach, alt-
hough based solely on the angular distribution of the measured shear planes, pro-
vides additional evidence to the S/C geometry and supports the interpretation of
WNW-ESE shortening associated with D1. Further measurements of lineations
and striations would enable the direction and intensity of the shear to be quanti-
tatively confirmed, and offer a prospect for future work on the trough. The NNE-
SSW trend of S1 is similar to that of the major trans-striking shear zones described
in the Birimian domain of Cote d’Ivoire, such as the Brobo shear zone [25] or the
Wango-Fitini shear zone [26], suggesting that the Dimbokro-Abengourou trough
could, on a regional scale, constitute a link or an extension of this transcurrent
system.

The D2 phase affects and incorporates the pre-existing D1 structures. It is char-
acterised by an S2 crenulation schistosity oriented at 110° (WNW-ESE), which
folds and crenulates the S1 schistosity within the finest-grained facies of the
metasedimentary formations. This phase marks a change in the tectonic regime:
the direction of shortening shifts to NNE-SSW, suggesting a reorientation of
stresses at the end of the Eburnian orogeny. Less intense and less widespread than
D1, this deformation remains mainly visible in the most ductile facies, particularly
fine-grained mica schists.

Phase D3, which is predominantly fragile and late in development, is repre-
sented by E-W-trending joints that cut across all earlier structures, and above all
by the left-lateral NNE-SSW-trending fault known as the Dimbokro Fault, which
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Figure 8. Summary of structural data for the study area in the Dimbokro-Abengourou
trough and the main directions of ductile and brittle deformation.

is oriented N10° and has a subvertical dip. This fault cuts through both the
metasediments and the plutonic intrusions and constitutes the main expression
of the late brittle phase of the rift. It is comparable, in terms of its late occurrence
and brittle nature, to the D4 phase identified in the Kan complex [24] and to the
post-Eburnean movements generally described at the craton scale [22]. The injec-
tion of E-W-trending doleritic veins, which occurred after all the structures de-
scribed, marks the end of the region’s tectono-magmatic history and may be as-
sociated with a more recent episode of crustal extension (Figure 8).

These results confirm that the Dimbokro-Abengourou graben underwent a
multi-phase structural evolution, initially ductile and subsequently brittle, which
forms part of the broader context of the Eburnaean orogeny recognised across the
West African craton [6] [17] [27]-[31]. The localisation of deformation along the
contacts between metasediments and granitoids-already suggested by teleanalyti-
cal analysis-as well as along the Dimbokro Fault, could be of interest for under-

standing the structural control of gold mineralisation recognised in this type of
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Birimian setting; this is an issue that warrants further investigation through addi-

tional research.

6. Conclusion

The structural study carried out in the Dimbokro-Abengourou trough, combining
teleanalytical analysis and field observations, has made it possible to reconstruct
a multi-phase tectonic history involving three successive phases of deformation.
Phase D1, the oldest and most developed, corresponds to a WNW-ESE shortening
under a left-lateral transpressive regime, characterised by S1 flow schistosity ori-
ented N00°-N15°, C1 shear planes oriented N170° forming S/C structures, and
symmetrical folds oriented N00°-N10°. This is followed by a more subtle D2
phase, characterised by S2 crenulation schistosity oriented N110°, reflecting a re-
orientation of the shortening towards an NNE-SSW direction. Finally, phase D3,
which is predominantly brittle and late-stage, is characterised by E-W-trending
joints, detachments and the left-lateral Dimbokro fault oriented N10°, as well as
by the formation of quartz veins and, at a later stage, E-W-trending doleritic veins.
This sequence, comparable to that described in other Birimian belts in the south-
ern part of the West African craton, forms part of the regional context of the Ebur-
nian orogeny and opens up prospects for future work on the relationship between
this structural evolution and the gold mineralisation associated with the Dim-

bokro-Abengourou trough.
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