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Abstract 
This study aims to contribute to improve knowledge on geological formations 
of Comoé basin. The petrographic study of the geological formations of Koun 
Fao has highlighted two major lithological families: magmatic rocks consist-
ing of monzonites, monzogranites, diorites, biotite granodiorites, syenites, 
porphyritic micromonzonites and porphyritic dacite and metamorphic rocks 
from sedimentary origin (quartz schists, meta-greywackes, schists, andalusite 
chloritoschist and paragneiss). These formations are affected by amphibolite 
to greenschist facies metamorphism and hydrothermal alteration (pervasive 
and vein) marked by the presence of quartz, epidotes, chlorites and sericite. 
Minerals such as andalusite, muscovite and chlorite characterize a local low 
pressure contact metamorphism in the andalusite chloritoschist. Remote 
sensing data (Landsat 8 image) coupled with field data allowed the produc-
tion of a geological map of the area. The study of the structures and micro-
structures highlighted two deformation mechanisms. These are flattening and 
simple shear (ductile and brittle). The study area is affected by four deforma-
tion phases: D1 marked by a N-S to NNE-SSW elongation, D2 marked by a 
NW-SE to NNW-SSE compression phase, D3 which is a NE-SW to NNE-SSW 
transpression phase and D4, responsible for late structures, marked by a NW-SE 
to NNW-SSE transpression phase. 
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1. Introduction 

The West African Craton is divided into of two ridges: the Reguibat Ridge in the 
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north and the Man Léo Ridge in the south. Côte d’Ivoire is located in the south-
ern part of the Man Léo Ridge, which is marked by the Archean and Paleopro-
terozoic domains in its western and eastern parts, respectively. The Paleoprote-
rozoic domain of Côte d'Ivoire contains most of the Birimian formations of 
West Africa, which according to some authors are of great interest for mining 
research [1]. Indeed, Côte d’Ivoire contains a significant portion of birimic ter-
rains with proven mineral potential. But the current national production of gold 
shows that efforts need to be made. The geology of the country must be studied 
extensively in order to highlight its geological potential and possible associated 
mineral resources. In order to understand the geology of Côte d’Ivoire, many 
geological studies have been carried out on this area [2] [3] [4]. However, the 
part to which the Comoé basin belongs remains little studied, although it is the 
object of covetousness of mining companies for its mineral potential. The present 
study aims to contribute to the improvement of petrographic and structural know-
ledge of the Comoé basin. It will focus on the petrographic description of the 
rocks in the study area in order to identify them and it will carry out a structural 
analysis revealing the associated deformations. 

2. Geological Context 

Côte d'Ivoire belongs to the Man Léo ridge. This ridge is characterized by two 
entities separated by the Sassandra transcurrent fault, i.e., the Baoulé-Mossi do-
main and the Kenema-Man domain. The study area is located in the Baoulé 
Mossi domain, which occupies the eastern part of the ridge. This domain includes 
formations of Birimian age [5]. The Kenema-Man domain is located in the west-
ern part of the ridge and comprises formations of Archean age. The Archean 
formations consist of grey banded gneisses of tonalitic composition with inter-
calations of pink orthopyroxene granulite and charnockites [6] [7]. Intrusives 
such as calc-alkaline granites are also present. 

The study area is located in eastern Côte d'Ivoire, west of the town of Koun Fao. 
It belongs to the Baoulé-Mossi domain and is located precisely in the northeast of 
the Comoé basin. The geology of this region is composed of sedimentary and in-
trusive formations [8]. These formations were emplaced during the Eburnian tec-
tonic-metamorphic event, a major episode of crustal accretion at 2100 Ma [9] [10] 
[11]. They are characterized by greenschist facies metamorphism. 

The study area is composed of metaarenites dominant on metasiltites, metasiltites 
dominant on metaarenites, quartzites, microconglomeratic metaarenites, mudstones 
and fluvial sands, diorites and biotite granites (Figure 1). According to some pre-
vious work [8], the intrusive formations in the study area are affected by dextral and 
sinistral faults generally oriented NE-SW. As for the metasediments, they are af-
fected by a N-S oriented schistosity marked by the orientation of phyllite minerals. 

3. Methodology 

The methods used in this study consisted of remote sensing for lineament tracing,  
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Figure 1. Geological map of the study area showing the different sampling points (Agnibilékro Kouamé-Dari sheet sheet, Siméon 
et al., 1995, modified). 
 

collection of 28 rock samples in the field and thin section preparation for petro-
graphic description and structural analysis. 

3.1. Tele-Analytical Data 

Remote sensing techniques use satellite images to improve the location of geo-
logical structures and to facilitate the production of refined and accurate linea-
ment mapping [12]. Thus, the remote sensing work on the study area required 
the use of Landsat 8 images obtained from the USGS platform  
(https://earthexplorer.usgs.gov/). Landsat 8 is equipped with a multispectral ra-
diometer (OLI) capable of acquiring images in nine spectral bands ranging from 
the visible to the mid-infrared and a two-channel multispectral infrared radi-
ometer called TIRS. It presents several advantages; of all the Landsat satellites, 
Landsat 8 is the most advanced. In addition to being freely available, it offers 
good resolution and allows lithological discrimination and structural characteri-
zation. The images obtained were corrected and processed with ENVI 5.2 soft-
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ware. 
The preliminary image processing phase consisted of eliminating radiometric 

noise in the various bands and reducing geometric distortions related to the 
shooting. The processing of the Landsat 8 scene of the study area consisted of a 
principal component analysis for lineament identification by directional and 
spatial filtering. The directional filters were applied to the different spectral bands 
and neo-channels (principal component and band ratios) to obtain the linea-
ment maps. In this study, filtering at the first principal component (CP1) was 
applied because it contains most of the usual information of the earth from 
Spots, Landsat, etc. The different filters applied to this first principal component 
are the YESOU, PREWITT and 00˚, 45˚, 90˚, and 135˚ directional filters which 
improve the perception of lineaments, corresponding to structural discontinui-
ties, by causing an optical drop shadow effect on the image [13]. Several images 
were obtained after processing with the directional filters and used to trace the 
lineaments. However, the one that shows the most image discontinuities is CP1 
processed by the YESOU filter (Figure 2). The set of lineaments obtained is  

 

 
Figure 2. Yesou filter applied to the first main composition CP1. 
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Table 1. Location and coordinates of the samples collected. 

Number Localities Samples 
Easting (WGS 
84 zone 30N) 

Northing (WGS 
84 zone 30N) 

Name of the rock 

1 Kangakro AFF1 819,856  446,689  Monzogranite 

2 Kangakro AFF2 819,771  446,643  Monzogranite 

3 Nekokro AFF3 834,313  436,863  Quartz schist 

4 Nekokro AFF4 833,711  437,489  Quartz schist 

5 Nekokro AFF5 838,352  435,968  Schist 

6 Nekokro AFF5b 838,346  435,963  Schist 

7 Nekokro AFF6 838,187  436,587  Meta-greywacke 

8 Anoumaba AFF7 837,764  437,156  Quartz schist 

9 Anoumaba AFF9 835,446  437,489  Quartz schist 

10 Anoumaba AFF12 836,733  437,308  Paragneiss 

11 Anoumaba AFF12b 836,753  437,314  Paragneiss 

12 Anoumaba AFF13 836,321  438,447  Paragneiss 

13 Kouakoukrakro-Nekokro road AFF14 836,735  437,811  Quartz schist 

14 Kouakoukrakro-Nekokro road AO4 et AO4b 836,489  437,866  Meta-greywacke 

15 Kouakoukrakro-Nekokro road AFF15 837,050  438,297  Paragneiss 

16 Yabrasso AFF16 824,847  448,821  Monzonite 

17 Yabrasso AFF16b 448,773  824,811  Diorite 

18 Yabrasso AFF17 448,825  824,700  Diorite 

19 Yabrasso AFF18 449,035  824,827  Monzonite 

20 Yabrasso AFF19 449,228  824,683  Monzonite 

21 Yabrasso AFF20 448,699  825,319  Diorite 

22 Yabrasso AFF21b 449,270  825,609  Micromonzonite 

23 Kangakro AFF22 446,223  817,365  Syenite 

24 Kankrakro AFF23 444,360  816,417  Biotite Granodiorite 

25 Kangakro AFF25 443,907  816,715  Biotite Granodiorite 

26 Kangakro AFF26 444,753  818,023  Biotite Granodiorite 

27 Kangakro AFF28 444,760  818,398  Andalusite Chloritoschist 

28 Adoukro AFF33a 443,715  816,960  Monzonite 

 
imported into the GIS software Qgis 3.10 and Global Mapper 22.1 for the valida-
tion phase of the lineament map of the study area. The validation consists of su-
perimposing the lineaments obtained on topographic, road and hydrographic 
maps and Google Earth images in order to eliminate anthropogenic lineaments 
[4]. 
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3.2. Macroscopic and Structural Analysis 

The macroscopic analysis carried out in the field consisted systematically of a GPS 
(Global Positioning System) survey of the outcrops (Table 1), their description 
(mode of outcrop, state of alteration, colour, structure, texture and origin, mine-
ralogy, family) and the relative chronology between outcrops if there were several. 

The structural analysis consisted of identifying, describing and recording the 
structural measurements for each sample when it’s possible and establishing the 
chronology between the different types of deformation observed (schistosities, 
quartz veins, fractures, vein, etc.). It enabled the different phases of deformation 
that affected the rocks in the study area to be identified, as well as their characte-
ristics. The structural data was plotted on the Wulf grid using GeOrient software 
to produce stereographic projections for statistical interpretation of the mea-
surements. Coupled with the field data, the tele-analytical data were used to pro-
duce the litho-structural map of the study area. Some of samples collected were 
oriented before their sending to laboratory. 

3.3. Microscopic and Microstructural Analysis 

The 28 rock samples led to the preparation of 29 thin sections for microscopic 
study, i.e. a thin section per rock sample, with 2 thin sections from a sample for 
more details. The study took place at the Geology, Mineral and Energy Resources 
Laboratory of the Earth Sciences and Mineral Resources Department (UFR STRM) 
of the University Félix HOUPHOUET-BOIGNY in Abidjan-Cocody. Essentially 
based on the observation of thin slides with the OPTIKA polarising microscope, 
it allows a better identification of mineralogical associations and also of micro-
structures. The mineralogical assemblages and microstructures observed made it 
possible to refine the petrographic and structural study carried out in the out-
crop. 

4. Petrographic Characterization 

The geological formations in the study area are composed of magmatic rocks 
and metasediments. The magmatic rocks consist of diorite, monzonite, monzogra-
nite, granodiorite, syenite, microgranodiorite and dacite. The metasediments are 
composed of schists, andalusite chloritoschist, meta-conglomerate, meta-greywacke 
and paragneiss. 

4.1. Magmatic Rocks 

Several different magmatic rocks as mentioned above have been observed in dif-
ferent places of the study area. The lithologies of Yabrasso are composed of mon-
zonite, diorite, porphyry micromonzonite and porphyry dacite while in Kanga-
kro, monzogranite, biotite granodiorite, syenite and diorite have been described. 
Only monzonite has been observed in Adoukro. 

4.1.1. Monzonite 
Observed in the localities of Yabrasso and Adoukro, this rock presents itself as a 
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leucocratic dome, sometimes with numerous quartz veins. Finer-grained mafic 
enclaves have been found (Figure 3(a)). Microscopically, they have a porphyritic  

 

 
Pl: plagioclase; Mc: microcline; Hb: green hornblende Qz: quartz; Ort: orthose, Per: perthite; Bt: 
biotite. 

Figure 3. Macroscopic and microscopic photographs of monzonites and monzogranites. (a) Mon-
zonite outcrop with mafic enclaves; (b)-(d) mineralogy of monzonites; (e) Monzogranite outcrop; 
(f)-(h) thin-section monzongranites. 
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gritty texture with the following mineralogical composition: microcline, plagioc-
lase, perthite, green hornblende, quartz, orthoclase, biotite, chlorite and epidote 
(Figures 3(b)-(d)). About 50-55% of the rock is composed of microcline and 
plagioclase. These minerals have very particular characteristics. The microclines 
are surrounded by plagioclase. The perthites are exsolutions that develop in the 
alkali feldspars. Green hornblende is more abundant than biotite and forms 
clusters. 

4.1.2. Monzogranite 
This leucocratic rock outcrops in the form of slabs or domes near the village of 
Kangakro (Figure 3(e)). The outcrops are crossed by numerous quartz veins. 
Microscopically, it shows a porphyroid gritty texture with the following mine-
ralogical composition: quartz, plagioclase, microcline, orthoclase, biotite, green 
hornblende, sericite, epidote and sphene (Figures 3(f)-(h)). The plagioclase 
phenocrysts are mostly saussuritised with the formation of sericite and epidote 
respectively. 

4.1.3. Biotite Granodiorite 
Observed at Kangakro, these rocks outcrop in elongated form with diorite en-
claves (Figure 4(a)). Mesocratic and moderately altered, they have a porphyrit-
ic gritty texture, with the following mineralogy: quartz, plagioclase, biotite, mi-
crocline, green hornblende and sericite (Figure 4(b), Figure 4(c)). The quartz 
is variable in size and subautomorphic to automorphic, with little or no rolling 
extinction. The plagioclase shows zonations showing that it has been subjected 
to different physico-chemical conditions than those that allowed its crystallisa-
tion. The most dominant ferromagnesian mineral is biotite. Sericite is the only 
white mica and is mainly found in the heart of the plagioclase from which it 
was derived. 

4.1.4. Syenite 
Observed at Kangakro, the syenites outcrop as a dome with a mesocratic colour 
(Figure 4(d)). Microscopically, they have a gritty porphyroid texture and consist 
of: microcline, perthite, green hornblende, plagioclase, epidote and sphene 
(Figure 4(e), Figure 4(f)). The microcline with a very large size generally con-
tains exsolutions. 

4.1.5. Diorite 
The diorites outcrop at Yabrasso and Kangakro in elongated, enclave or slab 
form (Figure 5(a)). Mesocratic and moderately altered, these rocks are crossed 
in places by veins of porphyritic microgranodiorite or by quartz veins. Micro-
scopically, they have a gritty porphyroid texture with a mineralogy composed of: 
plagioclase, green hornblende, microcline, quartz, biotite, orthoclase, chlorite, 
epidote and sphene (Figures 5(b)-(f)). 

4.1.6. Porphyry Micromozonite 
Observed at Yabrasso in the form of a dome (Figure 6(a)), the texture of this  
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Qz: quartz; Bt: biotite; Mc: microcline; Hb: green hornblende, Plz: zoned plagioclase; Per: 
Perthite, Ser: sericite, Ep: epidote, Sp: sphene. 

Figure 4. Macroscopic and microscopic photographs of biotite granodiorites and syenites. 
(a) Outcrop of biotite granodiorite; ((b), (c)) mineralogy of biotite granodiorites; (d) out-
crop of syenites; ((e), (f)) mineralogy of syenites. 
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Pl: plagioclase; Mc: microcline; Hb: green hornblende; Chl: Chlorite; Per: Perthite; Ort: 
Orthose, Ep: Epidote; Qz: quartz; Ser: sericite. 

Figure 5. Macroscopic and microscopic photographs of diorites. (a) Diorite outcrop; 
(b)-(f) Mineralogy of diorites. 

 

 
Per: perthite; Bt: biotite; Ep: Epidote; Ort: orthoclase; Mc: microcline; Pl: plagioclase; Hb: 
green hornblende; Hbz: zoned hornblende; Chl: chlorite; Op: opaque minerals. 

Figure 6. Macroscopic and microscopic photographs of porphyry micromonzonites. (a) 
Porphyry micromonzonite outcrop; (b)-(f) Mineralogy of monzonites. 

 
rock is micrograined porphyry with phenocrysts up to 1 cm in size. Microscopi-
cally, it shows a mineralogy composed of: microcline, biotite, orthoclase, plagioc-
lase, hornblende, epidote and chlorite (Figures 6(b)-(f)). The microclines are 
mainly large, sometimes extending beyond the field of view of the microscope. 
The ferromagnesian minerals in the matrix form aggregates around the feldspars 

https://doi.org/10.4236/ojg.2022.1210038


T. K. L.-D. Boya et al. 
 

 

DOI: 10.4236/ojg.2022.1210038 797 Open Journal of Geology 
 

in the rock. 

4.1.7. Porphyry Dacite 
This mesocratic rock (Figure 7(a)) is observed in diorites and monzonites as a 
vein. Microscopically, it has a micrograined to microlitic porphyry texture with 
the following mineralogical composition: quartz, plagioclase, microcline, green 
hornblende, biotite and chorite. The feldspars of this rock form aggregates 
(Figures 7(b)-(d)). The rock texture based on grains size of matrix seems to at-
test its sub-volcanic origin, near to surface. 

4.2. Mineralogical Characteristics of Magmatic Rocks 

Minerals such as plagioclases, amphiboles, biotites and microclines have partic-
ular characteristics: ferromagnesian minerals (green hornblende and biotite) are 
arranged in clusters (Figure 8(a)). These mineral accumulations are the result of 
a segregation process either by gravity, convective flows or by compaction and 
expulsion of trapped residual liquids [14]. The microclines are surrounded by 
plagioclase (Figure 8(b)). In addition, plagioclases and hornblendes are fre-
quently zoned in the rocks (Figure 8(c), Figure 8(d)). These zonations, espe-
cially in plagioclase, are complex with sometimes a sericitized core and zones 
riddled with small inclusions. This indicates that they have been subjected to 
different physico-chemical conditions than those that allowed their growth in a 
specific magma. The complexity of their zonation indicates that these crystals 
were transferred to a magma where they were not in equilibrium. The small  

 

 
Qz: Quartz; Mc: microcline; Pl: Plagioclase, Hb: Green Hornblende, Per: Perthite; Ort: 
Orthose, Chl: Chlorite. 

Figure 7. Macroscopic and microscopic photographs of the porphyritic dacite. 
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Figure 8. Photomicrographs showing the mineralogy content of magmatic rocks. (a) 
Cluster of hornblende and biotite; (b) Microcline surrounded by plagioclase; (c) Zoned 
plagioclase with sericitized core; (d) Zoned hornblende. 

 

inclusions around these crystals mark the fall of the silicate liquid. 

4.3. Metamorphic Rocks 
4.3.1. Quartz Schist 
These are the most dominant metamorphic rocks in the north of the study area, with 
several outcrops at Anoumaba, Nékokro and along the Nékokro-Kouakoukrakro 
axis. They are generally affected by a deformation marked by N-S mineral orienta-
tion (Figure 9(a)). Microscopically, they have a weak granolepidoblastic texture 
with coarse-grained quartz minerals surrounded by matrix dominated by chlo-
rite, sericite, quartz and muscovite (Figure 9(b), Figure 9(c)). These quartz crys-
tals are rounded to subrounded and sometimes angular, with rolling extinction 
(Figure 9(c)). Opaque minerals are also presents (Figure 9(d)). 

4.3.2. Meta-Greywackes 
The meta-greywackes are found in Nékokro and on the Kouakoukrakro-Nékokro 
axis. These fine-grained rocks are variable in colour (green, grey) (Figure 9(e)). 
Microscopically, they have a granolepidoblastic texture and are composed of 
quartz, plagioclase, chlorite, orthoclase, muscovite, sericite, epidote and opaque 
minerals (Figures 9(f)-(h)). Chlorite and sericite are secondary minerals result-
ing from the alteration of biotite, muscovite and plagioclase respectively. Mus-
covite forms with chlorite and sericite the matrix of the rocks and all mark the 
schistosity. 

4.3.3. Schists 
These rocks, observed in the bed of the Comoé River at Nékokro, have a massive 
appearance, grey in colour, very fine grains and show very pronounce schistosity 
texture. This schistosity can be vizualised on Figure 10(a), with the sheet flow of  
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Ser: sericite; Qz: quartz; Chl: chlorite; Ort: orthose; Op: opaque minerals. 

Figure 9. Macroscopic and microscopic photomicrographs of quartz schist and meta- 
greywackes. 

 
the rock. Microscopically, these rocks have a lepidoblastic texture, with alternat-
ing light bands (quartz) and dark bands (chlorite, sericite, epidote) (Figure 
10(b)). Composed mostly of chlorite, sericite, epidote and quartz, opaque min-
erals are also present. These minerals are stretched and oriented along the schis-
tosity. 

4.3.4. Andalusite Chloritoschist 
This rock was observed in the south-eastern part of the study area, more pre-
cisely at Kangakro near the Comoé river. It is in the form of a grey dome (Figure 
10(c)) with very fine grains. Microscopically, the rock has a poikiloblastic tex-
ture, with andalusite poikiloblasts (0.15 - 0.3 mm) in a lepidoblastic background 
composed of chlorite (Figure 10(e)). These poikiloblasts include chlorites and 
muscovites (Figure 10(d)). These altered andalusite crystals are corroded at the 
edge by large patches of more or less automorphic quartz. 
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Chl: chlorite, Ser: sericite, Qz: quartz, Ms: muscovite, An: andalusite, Op: opaque minerals. 

Figure 10. Macroscopic and microscopic photographs of shale, andalusite chloritoschist 
and paragneiss. 

4.3.5. Paragneiss 
Outcrop exposure of paragneiss mostly at Anoumaba (Figure 10(f)) and is cha-
racterized by alternating light and dark bands foliation. The dark bands are 
composed of sericite and chlorite, while the light bands are composed of quartz 
with grain size from 0.1 to 0.3 mm. Microscopically, the rocks have a granolepi-
doblastic texture and are composed of quartz, muscovite, chlorite and opaque 
minerals (Figure 10(g), Figure 10(h)). The very coarse quartz beds show rolling 
extinction. The opaque minerals associated with chlorite form ferromagnesian 
bands marking the foliation. 
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5. Structural Characterization 

The structural data are the result of tele-analytical processing on the one hand 
and the description of outcrops in the field on the other. 

5.1. Tele-Analytical Data Processing 

The visual and manual interpretation of the remote sensing images resulted in a 
lineament map. The analysis of this map led to the identification of different li-
neament families (Figure 11). Indeed, the map shows 209 data of lineaments 
whose orientations and lengths vary considerably. These lineaments mostly 
represent tectonic structures. The directional rosette of the lineaments shows 
two (2) major directions, the main one being NNW-SSE and the secondary one 
being ENE-OSW. Lineaments with directions between N156˚ and N180˚ are 
the most numerous (33.01%), followed by lineaments between N46˚ and N90˚ 
(26.31%), lineaments between N00˚ and N45˚ (22.49%) and finally lineaments 
between 91˚ and 155˚ (18.18%). Field evidence within the study area revealed: 
• NNW-SSE oriented lineaments are represented by fractures, quartz veins and 

foliations; 
• ENE-WSW oriented lineaments are represented by fractures and quartz 

veins. 
 

 
Figure 11. Lineament map and directional rosette of the study area. (a) Lineament map; (b) Directional rosette of lineaments. 
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5.2. Mesostructures 

In the field, the structures observed are schistosity, mineral stretching lineations, 
foliations, fractures and quartz veins. A detailed analysis of these different struc-
tures shows that the study area is affected by four deformation phases. The cha-
racteristic structures of these different deformation phases are distinct. Indeed, 
phase D1 is characterised by ductile structures and phases D2, D3 and D4 are 
characterised by conjugated brittle structures. The ductile structures are mainly 
observed in the metasediments, whereas the brittle structures are found in all li-
thologies. 

Deformation phase D1. This first phase is marked by flow schistosity in the 
metaarenites and metasiltites and by foliation in the paragneisses (Figures 
12(a)-(c)). These structures are oriented N-S (N0˚-10˚) to NNE-SW (N20˚-25˚) 
with a general dip towards 20˚E. The schistosity is penetrative in most of the li-
thologies and is expressed by the preferential orientation of phyllitic and quartz 
minerals. The use of the directional rosette of these structures indicates a main 
direction of N-S to NNE-SW (Figure 12(d)). 

As for the foliation, it is marked by alternating light (marked by quartz min-
erals) and dark bands which are thought to contain biotite and ferro-titanium 
oxides (magnetite, hematite, ilmenite) and/or sulphides. The direction of these de-
formation markers is consistent with an E-W to ONO-ESE oriented shortening. 

 

 
Figure 12. Photographs of ductile structures and directional rosettes of structures in the study 
area. (a) Schistosity N25˚ and mineral lineation; (b) Schistosity N10˚; (c) Foliation N00; (d) Di-
rectional rosette of ductile structures; (e) Directional rosette of brittle structures. 
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Deformation phase D2. Phase D2 is characterised by quartz fractures and 
veins (V1) with a direction of N150˚ - N170˚ (Figure 13(a), Figure 13(b)). These 
brittle structures can be observed in all lithologies of the study area. They inter-
sect the structures of the first deformation D1 and are overtprinted by the struc-
tures of D3 and D4 in a sinistral movement. 

Deformation phase D3. The D3 phase is marked by quartz fractures and 
veins (V2 and V3) with a N30˚ - N60˚ direction that overprints the D2 struc-
tures in a sinistral movement (Figure 13(a), Figure 13(b)). 

Deformation phase D4. The vast majority of the structural data point to a 
late phase. It is marked by quartz veins and fractures of direction N135˚ - N160˚ 
(Figures 13(b)-(d)). These structures intersect the structures of D1 and post-
adate all the other brittle structures in sinistral or dextral movement. In fact, 
these structures intersecting the previous ones would have been set up by the 
NW-SE to NNW-SSE transpressive phase. 

5.3. Microtextures 

Deformation observed on a microscopic scale in magmatic rocks affects plagioc-
lase, feldspar, microcline, orthoclase and quartz. Feldspars, especially plagioclas-
es, contain microfractures filled with quartz and/or feldspars (Figure 14(a), 
Figure 14(b)). The presence of such microstructure shows that the deformation 
within these minerals occurred in the presence of magmatic liquid and thus, be-
fore the total crystallisation of the magma. This phenomenon is often associated 
with deformation in granitic rocks [15]. Furthermore, exsolutions of sodium  

 

 
V: Quartz vein; F: Fracture. 

Figure 13. Photographs of brittle structures. (a) Veins and fractures observed in a mon-
zogranite; (b) Interpretation of photo a; (c) Quartz veins observed in a paragneiss; (d) In-
terpretation of photo c. 
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μF: Microfracture; Myr: Myrmekite; Per: Perthite. 

Figure 14. Photomicrographs of microstructures in magmatic rocks. ((a), (b)) Micro-
fractures filled with quartz and feldspars and (c) Myrmekite and perthite in monzonite; 
(d) Micro-kinks in syenite feldspars; (e) Fractured grains at the periphery and recrystalli-
sation with wavy extinction in monzogranite; (f) Dynamic recrystallisation with forma-
tion of new grains at the periphery of the large grains in porphyry micromonzonite. 

 
feldspars (perthite) in alkali feldspars develop in monzonite, syenite, diorite; 
these intergrowths within single crystals results from a process variously called 
phase separation, unmixing and exsolution, depending on the bulk composition 
of intergrowth [16]. Myrmekites are also observed at the contact of microcline 
and plagioclase (Figure 14(c)) and their presence corresponds to a phenomenon 
marking the end of rock consolidation [17]. These microstructures are magmat-
ically to submagmatically dominant. Some deformations are materialised by frac-
tured grains at the periphery of coarse grains with remarkable undulating extinc-
tions, by microkinks, by dynamic recrystallisation with new grain formation at 
the periphery of old grains (Figures 14(d)-(f)). 

5.4. Lithostructural Map 

The analysis and interpretation of the lineaments (images from the various 
processing techniques) and the fieldwork have made it possible to produce a li-
thostructural map of the area (Figure 15). The fieldwork highlighted several  
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Figure 15. Geological map of the study area (Agnibilékro Kouamé-Dari sheet, Siméon et al., 1995, modified). 

 
geological units in comparison with the existing geological data on the Agni-
bilékro sheet. 

This map summarizes the updated lithologies, schistosities and foliations (in 
the metasediments) and fractures of the study area. Indeed, this map highlights 
new geological units such as monzonites, biotite granodiorites, monzogranites, 
syenites, pophyry microgranodiorites, porphyry micromonzonites, andalusite 
chloritoschists and paragneisses. In addition to these data, the other information 
on the map has already been reported by previous authors. Fractures were plot-
ted by associating the coordinates of the points with the lineament boundaries. 
These fractures affect almost all rocks in the study area and are oriented NW-SE 
to NNW-SSE. As for the lithological units, the geological contacts could not be 
exposed due to the cover and alteration. They were therefore represented using 
the various sampling points by categorization. 

6. Discussion 

The petrographic study of the geological formations in the study area shows a di-
versity of rocks: monzonite, monzogranite, biotite granodiorite, diorite, syenite, 
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porphyritic dacite, porphyritic micromonzonite, quartz schist, meta-greywacke, 
andalusite chloritoschist and paragneiss. Some of these formations are also ob-
served in other regions of the palaeoproterozoic domain: in the Bondoukou re-
gion [18], in Senegal [19], in Ghana [20], in the south-western Comoé basin 
[21]. The minerals of the magmatic rocks include the clustered arrangement of 
hornblende and biotites, plagioclases with zonations and microclines that are 
surrounded by plagioclase. These zonations result from the difference of tem-
perature between core and outer portions and it is linked to changes in meta-
morphic conditions. The diorites and monzonites are intersected by dacite, 
which occurs in veins form, and these rocks contain mafic microgranular en-
claves. The biotite granodiorite also contains diorite enclaves. According to 
some authors [14] [22] [23], these mineralogical features and the mafic enclaves 
are indicative of magma mixing. The presence of mafic microgranular enclaves 
in monzonites suggests the involvement of a mantle source [24] [25]. According 
to previous studies [22], the magmatic rocks in the study area seem to be made 
up of injections of slightly different magmas that were emplaced one after the 
other, with mantle and crustal origins. The emplacement of these magmas takes 
place at shallow depth [26], but cooling and crystallisation are relatively long 
[27]. This could explain the presence of poekilitic potassium feldspar pheno-
crysts in these rocks. Based on petrographic and mineralogical characteristics, 
the magmatic rocks of the study area can be considered as hybrid. They are 
therefore similar to the granitoids studied in the Bondoukou department [28], in 
the Comoé basin [21] and in central Morocco [29]. 

The structural analysis shows that the study area is affected by four deforma-
tion phases. Phase D1 is a shortening phase oriented E-W to WNW-ESE cha-
racterised by N-S to NNE schistosities and foliations. This shortening phase 
corresponds to the D1 phase described previously [11] as slightly compressive. 
According to that study, the D1 phase is a N-S to NNE-SW elongation of the 
massifs, which implies the appearance of initial distensive and then slightly 
compressive phases in an E-W to WNW-ESE direction. Phases D2, D3 and D4 
are characterised by quartz fractures and veins with sinistral components. The 
direction of these structures reveals that the D2 phase is a NW-SE to NNW-SSE 
compressional phase, the D3 phase is a NE-SW to NNE-SSW transpressional 
(compressional-shear) phase and the D4 phase, responsible for the late struc-
tures, is a NW-SE to NNW-SSE transpressional phase. These results corroborate 
those obtained in Ghana [20], in southwest Côte d’Ivoire [30] and in the south-
west Comoé Basin [21]. Microstructures such as microfracturing in plagioclase, 
microkinks, undulating extinctions, dynamic recrystallisation with new grains 
forming at the edge of old crystals and fractured grains at the periphery of large 
grains characterise deformation resulting from movement along the dislocation 
planes [31]. The main mechanisms responsible for this deformation are thought 
to be brittle fracturing and cataclastic creep; it is therefore a low temperature 
deformation [32]. Exsolution occurs when, usually as a result of a drop in tem-
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perature, a homogeneous phase of a solid solution becomes unstable and sepa-
rates to form two different minerals. At high temperatures, the crystalline macu-
la vibrates more and creates space to accommodate foreign atoms in the mineral. 
As the temperature decreases, these atoms are expelled from the macula to form 
a separate mineral [33]. In the magmatic rocks of the study area, presence of 
perthite exsolution of sodic feldspars in microcline and orthoclase is evident. As 
for myrmekite, it marks a simultaneous inter-growth of quartz minerals in a pla-
gioclase solid solution. In monzonites, myrmekitic textures are observed in con-
tact with microcline and plagioclase. They appear to result from the progressive 
replacement of potassium feldspar by plagioclase [34]. These late-developing 
structures can be likened to post-magmatic replacements [35] because they suc-
ceed the crystallization of the primary minerals of the rock: the inter-growth is 
slightly late while the progressive replacement is later. Some works [36] interpret 
microfractures filled with quartzo-feldspar minerals as submagmatic structures. 
According to these authors, the deformation occurred when the rocks were not 
yet fully crystallised. Undulating extinctions mark the transition from the sub-
magmatic state to solid state deformation [37]. 

7. Conclusion 

The geological formations in the study area consist of plutonic magmatic rocks 
with a grainy texture, lode rocks with a micrograiny to microlitic porphyritic 
texture and metamorphic rocks of sedimentary origin. The magmatic rocks are 
composed of monzonite, monzogranite, biotite granodiorite, syenite, porphyry 
micromonzonite and porphyry dacite. The presence of mafic enclaves, mafic 
mineral clots, normal zonations in plagioclase and microclines surrounded by 
plagioclase supports the hypothesis of a mixed or hybrid magma at the origin of 
the formation of plutonic intrusions. Quartz schists, andalusite chloritoschists 
and meta-greywackes are the metamorphic rocks observed. Microscopic study 
on all the metamorphic rock shows that the mineralogy is made up of primary 
minerals (hornblende, biotite, plagioclase, orthoclase, microcline, quartz, opaque 
minerals) associated with secondary minerals such as chlorite, epidote, sericite. 
These secondary minerals would come from the alteration of hornblende and 
biotite (chlorite, epidote), but also from the saussuritisation of plagioclase, mi-
crocline, or orthoclase (sericite, epidote) and from the alteration of muscovite 
(sericite). These paragenesis are common to two levels of metamorphism: high 
level with markers such as andalousite and a low temperature and pressure en-
vironment, that would indicate a retrograde amphibolite to greenschist facies 
metamorphism. Structural analysis of the various structures (foliations, schistos-
ities, fractures and quartz veins) has identified four phases of deformation in this 
zone: phases D1, D2, D3 and D4. Phase D1 is characterized by a N-S to NNE-SW 
oriented S1 schistosity with the presence of remarkable mineral stretching linea-
tions. Phases D2, D3 and D4 are marked by fractures and quartz veins oriented 
along the main stress direction. They are respectively oriented NW-SE to NNW-SE, 
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NE-SW to NNE-SW and NW-SE to NNW-SE. The mechanisms responsible for 
these deformations are flattening and simple shearing. At the microscopic scale, 
the main deformation mechanisms are brittle fracturing and cataclastic creep. 
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