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Abstract 

This study evaluates the contribution of X-ray diffraction (XRD) to the identification and quantification of mineral 
phases within the gold-bearing systems of the Kouroussa permit, located in the Birimian domain of the West African 
Craton. Seventy samples collected from outcrops and drill cores from eight boreholes (>1400 m) were investigated, 
among which ten representative samples were selected for detailed analyses. After fine grinding to 75 µm, particle-size 
reduction and addition of a calcined ZnO internal standard (5 wt.%), analyses were performed using XRD diffractometry 
(Bruker D2 Phaser, 5–80° 2θ). Mineral phases were identified using DIFFRAC.EVA software and quantified through 
Rietveld refinement with PROFEX 5.The results reveal strong variability in mineral assemblages. Quartz dominates 
highly silicified zones, reaching 49 wt.% (C036) and 69 wt.% (C050). Feldspars and plagioclases characterize magmatic 
lithologies with cumulative contents up to 73 wt.% (C009). Carbonates, particularly abundant in sample C014 (48 
wt.%), indicate carbonation related to CO₂-rich fluids. Ferromagnesian minerals, mainly chlorite and biotite, reflect 
greenschist-facies hydrothermal alteration. Sulfides, especially pyrite and arsenopyrite, are concentrated within 
mineralized zones, with local occurrences of native gold.The interpretation highlights three successive evolutionary 
stages: an initial magmatic phase, a hydrothermal phase marked by silicification, chloritization and carbonation, 
followed by a sulfide-gold mineralization stage. The most prospective mineralized zones are associated with intense 
silicification, strong hydrothermal alteration and high sulfide concentrations, confirming the effectiveness of XRD as a 
mineralogical vectoring tool in Birimian gold systems of Kouroussa. 
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1. Introduction

Understanding gold-bearing systems largely relies on the identification of mineral phases and paragenetic associations, 
which are key indicators of the geological and hydrothermal processes responsible for gold deposit formation [1,2]. In 
the Birimian formations of West Africa, gold mineralization is commonly associated with tectono-metamorphic events 
and hydrothermal fluid circulations linked to sulfides such as pyrite, arsenopyrite, chalcopyrite, sphalerite, and galena 
[3–9]. The study of these mineral assemblages is essential for improving the understanding of metallogenic processes 
and optimizing mineral exploration strategies. 

Among the analytical methods used in mineralogical characterization, X-ray diffraction (XRD) is a reliable technique for 
identifying crystalline phases in complex and polyphased materials [10–17]. It provides valuable information on the 
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mineralogical composition of rocks and helps identify minerals related to hydrothermal alteration and mineralization 
processes. However, this method also presents limitations, particularly in detecting amorphous phases or minerals 
occurring in very low proportions [10,16,18,19]. 

The Kouroussa Gold Mining (KGM) permit, located within the Birimian geological context of Guinea, represents a 
favorable setting for the study of hydrothermal gold systems [5,20,21]. Despite its economic importance, detailed data 
on mineral associations and gold-bearing phases remain limited. In this context, the present study aims to evaluate the 
contribution of XRD to the identification of mineral phases within the gold-bearing systems of the Kouroussa permit, in 
order to characterize mineral assemblages and discuss their metallogenic implications.  

1.1. Presentation and geological context 

The study area is located in eastern Guinea, West Africa, at latitude 10°43' N and longitude 9°52' W. The project site is 
situated approximately 3 km from the town of Kouroussa and about 570 km east of Conakry, the capital city of the 
Republic of Guinea, accessible by paved road (Figure 1). Kouroussa is a prefecture in Guinea, located in Haute-Guinée 
(Upper Guinea) within the Kankan region. It sits at an altitude of 362 meters and is watered by the Niger River. The 
prefecture covers 14,050 km² and is divided into 14 sub-prefectures. It is home to 451,205 inhabitants according to the 
RGPH-4 census of 2025, of whom 69,215 live in the urban area of Kouroussa-Centre. 

 

Figure 1 Presentation of the study area 

The Kouroussa gold project is located within the Paleoproterozoic Siguiri Basin, which belongs to the Birimian volcano-
sedimentary system of the West African Craton, host to numerous major gold deposits. The basement consists of the 
Archean Man Shield, composed of high-grade metamorphic rocks and granitoid intrusions. It is separated from the 
Birimian units by the Nandian Belt, associated with early volcanic episodes related to rifting processes. 

The Eburnean orogeny led to the development of NE–SW to NW–SE deformation zones and granitoid intrusions. These 
structures, together with greenschist-facies metamorphism, strongly control gold mineralization within the Siguiri 
Basin. 
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The Kouroussa area is largely covered by intensely weathered lateritic plateaus, with colluvial and alluvial deposits. 
This cover commonly masks the bedrock, making drilling data essential for geological interpretation. The basement is 
dominated by Birimian volcano-sedimentary sequences composed of mudstones, siltstones, feldspathic sandstones, and 
carbonate layers, associated with mafic to ultramafic volcanic units and cherts. The overall structural trend is 
predominantly north-northwest (source: KGM internal data). 

 

Figure 2 Geological map of the Kouroussa permit (KGM, 2024) 

Figure 2 presents the geological map of the Kouroussa permit (source: KGM internal data). It shows the distribution of 
the main lithological units and major tectonic structures. The area is dominated by Birimian sequences intruded by 
granitoids and locally associated with mafic to ultramafic volcanic rocks. NNW-oriented shear zones constitute the 
principal pathways for hydrothermal fluid circulation and strongly control the localization of gold mineralization. 

2. Materials and Methods 

Field investigations were carried out in August and September 2024. The work included geological mapping, lithological 
and structural descriptions, and sampling conducted on outcrops and drill cores from eight (8) boreholes, representing 
a cumulative length of more than 1400 m. A total of 70 samples were collected, covering the main lithological units of 
the area, including magmatic intrusions, metasedimentary rocks, quartz veins (oxidized and smoky), and saprolites. 
Macroscopic observations of the drill cores were performed using a hand lens (10×20 mm), allowing the description of 
textures, alteration features, and structures associated with gold mineralization. Ten (10) representative samples were 
selected for this study (Figure 3). 
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Figure 3 Macroscopic photographs of rock samples (C009, C014, C016, C022, C024, C026, C036, C046, C050, and 
C059) illustrating textures, structures, and hydrothermal alteration associated with the Kouroussa gold systems 

The studied samples mainly display lithological types associated with quartz veins, which are typical of the 
hydrothermal gold systems of Kouroussa. Sample C009 is light-colored, massive, and strongly silicified, with oxidation 
traces indicating sulfide alteration. Sample C014 exhibits a slightly foliated texture with deformed quartz veins, 
reflecting tectonic deformation and fluid circulation. Samples C016 and C059 show marked foliation and a greenish 
coloration related to chloritization, indicating moderate hydrothermal alteration, whereas C022 remains relatively 
homogeneous with a few quartz-filled fractures. 

The dark-colored samples C024 and C026 are massive and probably mafic, containing quartz veinlets; C026 additionally 
displays oxidized zones suggesting the presence of sulfides. Sample C036 is highly enriched in quartz, reflecting intense 
silicification typical of mineralized veins. Sample C046 shows a slightly foliated structure without significant alteration, 
suggesting a host rock lithology. Finally, C050 is characterized by a quartz-rich matrix with a dark circular structure, 
indicating heterogeneity favorable for fluid circulation. 

2.1. Sample Preparation 

The samples were first crushed and then pulverized using a disc/ring mill (DECENT) at the National Geology Laboratory 
(LNG) of the National Directorate of Geology (DNG) of the Republic of Guinea, in order to obtain a homogeneous powder 
of approximately 75 µm. Additional grinding was subsequently carried out using a Retsch PM400 planetary mill to 
further improve homogenization and analytical reproducibility. 

After several stages of the reduction process, including mixing and quartering, the sample masses generally ranged 
between 0.52 g and 0.94 g. To this analytical sample fraction, an internal standard consisting of calcined zinc oxide (ZnO) 
(5 wt%) was added, followed by complete homogenization of the mixture. The final total mass (sample + standard) 
ranged from 0.55 g to approximately 1.00 g, thereby ensuring the reliability and reproducibility of the measurements 
(Table 1). 
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Table 1 Sample masses and ZnO additions (5 wt.%) for the standard addition calibration method 

Sample 
ID 

Depth (m) 
From–To 

Sample 
weight (g) 

Standard weight to add 
ZnO (g) 

Standard weight 
added (g) 

Total weight 
(g) 

C009 161.00 – 161.15 0.5986 0.031505 0.0315 0.6301 

C014 97.70 – 97.85 0.5887 0.030984 0.0309 0.6196 

C016 146.20 – 146.36 0.7136 0.037558 0.0376 0.7512 

C022 84.20 – 84.35 0.5215 0.027447 0.0279 0.5494 

C024 115.58 – 115.75 0.7626 0.040137 0.0401 0.8027 

C026 142.81 – 142.93 0.5668 0.029832 0.0298 0.5966 

C036 104.81 – 105.00 0.8317 0.043774 0.0436 0.8753 

C046 93.00 – 93.22 0.9444 0.049705 0.0498 0.9942 

C050 122.14 – 122.36 0.7652 0.040274 0.0407 0.8059 

C059 129.30 – 129.45 0.8024 0.042232 0.0423 0.8447 

Table 1 groups together samples obtained from drill cores of the Kouroussa Project (KGM), collected at depths ranging 
from approximately 84 m to 161 m.  

2.2. X-ray Diffraction (XRD) Analyses 

X-ray diffraction (XRD) analyses were performed on powders obtained after mechanical treatment, ensuring a fine and 
homogeneous grain size distribution. A representative fraction of the samples was prepared in the laboratory, and an 
internal standard consisting of calcined ZnO (5 wt%) was added to ensure the reliability and reproducibility of the 
analyses. 

The diffractograms were acquired over an angular range of 5° to 80° (2θ) using a Bruker D2 Phaser diffractometer 
installed at the Geology Laboratory of the Gabriele d’Annunzio University of Chieti-Pescara (UdA), Italy. Analytical 
conditions included an accelerating voltage of 30 kV, a current of 10 mA, and an acquisition time of 30 minutes per 
sample. 

Mineralogical phase identification was carried out through comparison with crystallographic databases using the 
DIFFRAC.EVA software, whereas phase quantification was performed by Rietveld refinement using Profex 5 software. 

The integration of data derived from field observations, thin-section petrography, and X-ray diffraction analyses 
enabled a multi-scale approach. This combination made it possible to correlate macroscopic, microscopic, and 
crystallographic observations, thereby contributing to a better understanding of the mineralogical assemblages and the 
petro-metallogenic processes associated with the gold mineralization of the Kouroussa permit. 

3. Results and Discussion 

The X-ray diffraction (XRD) analyses performed on samples C009, C014, C016, C022, C024, C026, C036, C046, C050, and 
C059 reveal mineralogical assemblages dominated by quartz, feldspars, carbonates, and ferromagnesian minerals, with 
variable occurrences of sulfides. 



World Journal of Advanced Research and Reviews, 2026, 30(02), 1684-1694 

1689 

 

 

 

 

 

 



World Journal of Advanced Research and Reviews, 2026, 30(02), 1684-1694 

1690 

 

Figure 3 X-ray diffraction (XRD) diffractograms of samples C009, C014, C016, C022, C024, C026, C036, C046, C050, 
and C059 from the Kouroussa permit, illustrating the main mineral phases identified 

Les The obtained diffractograms (Fig. 4) display well-defined characteristic peaks mainly attributable to quartz (Qz), 
feldspars (Pl, Kfs), carbonates (Cal, Dol, Ank), as well as certain alteration minerals such as chlorite and muscovite. The 
presence of peaks associated with sulfides (arsenopyrite, pyrite) is observed in some samples, confirming their 
relationship with gold mineralization [27, 29]. These diffractometric signatures corroborate the petrographic and 
macroscopic observations described previously. 

The quantitative synthesis presented in Table 2 highlights strong variability among the samples, reflecting contrasting 
formation and alteration conditions. 

Samples C036 and C050 are distinguished by a high quartz content (up to 69 wt.%), which is expressed in the 
diffractograms by dominant high-intensity peaks. This signature indicates intense silicification related to the circulation 
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of silica-rich hydrothermal fluids. Such silicification is characteristic of orogenic gold systems, where quartz constitutes 
the principal gangue phase [1,22,23]. 

In contrast, several samples (C009, C022, C026) display diffractograms dominated by feldspar peaks, reflecting a 
magmatic heritage consistent with dioritic to granodioritic lithologies. However, the coexistence of these phases with 
alteration minerals such as chlorite and muscovite, visible on the diffractograms, indicates secondary transformation 
linked to hydrothermal processes [3,7,24,27]. 

Furthermore, the presence of ferromagnesian minerals (chlorite, biotite) in several samples, confirmed by XRD 
signatures, indicates hydrothermal alteration under greenschist facies conditions [9,15]. Carbonates (calcite, ankerite, 
and dolomite), particularly abundant in sample C014 (~48 wt.%), are expressed by distinct peaks on the diffractograms 
and reflect hydrothermal carbonation associated with CO₂-rich fluids, a process frequently involved in the formation of 
gold deposits [3,9,31]. 

3.1. Metallogenic Significance and Implications for Gold Mineralization 

Table 2 highlights the presence of sulfides, particularly arsenopyrite and pyrite, with significant proportions in sample 
C059 (~11 wt.%). 

Table 2 Semi-quantitative mineralogical composition (wt.%) of the samples 

Sample Quartz 
(wt.%) 

Plagioclases 
(wt.%) 

K-
feldspar 
(wt.%) 

Carbonates 
(wt.%) 

Ferromagnesian 
minerals (wt.%) 

Sulfides 
(wt.%) 

Accessory 
minerals 
(wt.%) 

C009 10 69 4 14 10 2 1 

C014 27 27 0 48 0 0 11 

C016 3 35 24 7 10 <1 (Au) 26 

C022 <1 42 18 8 1 1 30 

C024 10 36 5 10 0 0 39 

C026 8 42 6 11 10 <1 (Au) 23 

C036 49 15 3 12 5 0 16 

C046 <1 41 7 7 9 2 34 

C050 69 14 2 3 1 0 11 

C059 21 29 6 13 6 11 14 

This table also highlights a strong variability in mineralogical assemblages among the samples, reflecting the combined 
effects of magmatic, hydrothermal, and metallogenic processes. Two samples are distinguished by marked silicification, 
namely C036 (49 wt.%) and especially C050 (69 wt.%), indicating intense circulation of silica-rich hydrothermal fluids, 
whereas C059 (21 wt.%) reflects a more moderate silicification associated with mineralization. 

In contrast, several samples (C009, C022, C026, and C046) are dominated by feldspars and plagioclases (up to 73 wt.% 
combined in C009), reflecting a magmatic heritage related to dioritic to granodioritic host rocks. However, their 
association with alteration minerals (chlorite, biotite, muscovite) and carbonates indicates subsequent hydrothermal 
transformation [27]. Carbonates are particularly abundant in C014 (48 wt.%), suggesting hydrothermal carbonation 
linked to CO₂-rich fluids, which is also evident in C009 and C059. Ferromagnesian minerals (up to 10 wt.% in some 
samples) indicate greenschist-facies alteration, characteristic of fluid–rock interactions in gold-bearing systems. 

Finally, the distribution of sulfides is heterogeneous, with notable enrichment in C059 (11 wt.%), considered the most 
representative of a mineralized zone, whereas C009 and C046 display moderate contents, and C016 and C026 contain 
traces of native gold, confirming the gold potential of the system despite overall low concentrations [27,28,29]. 

These phases are direct indicators of gold mineralization. The arsenopyrite–pyrite association, accompanied by traces 
of native gold (observed in C016 and C026), confirms that these assemblages belong to an orogenic gold system 
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[21,29,30,31]. In this type of system, gold is generally trapped within sulfides or precipitated during physicochemical 
variations of the hydrothermal fluids [5]. 

The overall analysis of the mineralogical assemblages suggests a multi-stage evolution: 

• An initial magmatic phase dominated by feldspars and ferromagnesian minerals, 
• A hydrothermal alteration phase characterized by silicification, chloritization, and carbonation, 
• A mineralization phase marked by sulfide formation and gold precipitation. 

This evolution is consistent with models proposed for gold systems of the West African Craton [27,30]. 

Finally, the results show that the zones most favorable for gold mineralization are characterized by a combination of 
silicification, hydrothermal alteration, and the presence of sulfides, thus constituting essential exploration criteria 
within the Kouroussa permit. 

4. Conclusion 

The application of X-ray diffraction (XRD) to samples from the Kouroussa permit enabled the precise identification and 
quantification of major and accessory mineral phases. The quantitative results obtained through Rietveld refinement 
clearly highlight the strong variability of the mineralogical assemblages. 

Sample C050 exhibits the highest quartz content (69 wt.%), reflecting intense silicification characteristic of zones 
affected by silica-rich hydrothermal fluid circulation. In contrast, sample C014 is dominated by carbonates (48 wt.%), 
emphasizing the importance of hydrothermal carbonation related to CO₂-rich fluids. Samples C009, C022, and C026 
display cumulative feldspar and plagioclase contents of 73, 60, and 48 wt.%, respectively, inherited from dioritic to 
granodioritic magmatism; however, their association with ferromagnesian alteration minerals (up to 10 wt.% chlorite 
and biotite) indicates subsequent hydrothermal transformation. 

The distribution of sulfides is heterogeneous: sample C059 is distinguished by a content of 11 wt.% arsenopyrite and 
pyrite associated with 21 wt.% quartz, making it the most representative sample of a mineralized zone. In addition, 
samples C016 and C026 contain traces of native gold (<1 wt.%), confirming the gold potential of the system. The 
arsenopyrite–pyrite–native gold association is typical of orogenic gold systems. 

Finally, this study demonstrates that XRD, although it presents limitations for amorphous phases or minerals occurring 
in very low proportions, constitutes a robust and quantitative tool for guiding mineral exploration. The identified 
criteria — intense silicification (quartz contents >49 wt.%), significant carbonation (>10 wt.% carbonates), substantial 
sulfide presence (>5 wt.%), and ferromagnesian alteration — are reliable vectors for locating mineralized zones within 
the Kouroussa permit and, more broadly, within Birimian terranes of West Africa. 
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