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Abstract. A recent increase of interest in the various 
mineral deposits of the Central African Karagwe-Ankole 
belt (KAB) has led to many new discoveries and exciting 
research. Gold deposits in the KAB still have many 
unanswered questions concerning their formation 
conditions. The aims of this research are to determine the 
controlling factors on gold distribution at the Byumba 
deposit (Rwanda) and to resolve the relationship between 
the different vein generations and the tectonic evolution 
of the area. To achieve this, drill cores from the Byumba 
deposit were logged and sampled for further petrographic 
research and major and trace element mapping. Micro X-
ray fluorescence (µXRF) is used for the identification and 
distribution of gold and of different types of 
alteration/mineralization. Five main phases of quartz 
veining are identified which can be linked to the different 
phases of deformation that are recognized in the KAB. 
Important phases of folding and shearing are distinctly 
present at Byumba and associated with sericitization and 
chloritization. Sulfides are predominantly present in the 
form of pyrite, with minor associations of arsenopyrite, 
chalcopyrite, pyrrhotite and covellite. Primary gold 
mineralization seems to be correlated to chlorite-rich 
shear veins. Gold occurs within an early quartz phase 
and not associated with pyrite. 
 
1 Introduction and geological setting 
 
Gold mineralization in the Central African Karagwe-
Ankole belt (KAB) has been the subject of much debate 
(Brinckmann et al. 1994; Pohl et al. 2013; Koegelenberg 
et al. 2016). Notwithstanding decades of research, 
uncertainties concerning the metal source, fluid evolution 
and timing of the gold mineralization remain. In addition 
to gold, the Mesoproterozoic KAB is known for hosting 
spatially associated Nb-Ta, Sn and W deposits, making it 
an important metallogenic province in Central Africa (Pohl 
and Günther 1991; Fernandez-Alonso et al. 2012). It 
encompasses the eastern part of the Democratic 
Republic of Congo (DR Congo), northwest Tanzania, 
southwest Uganda, Burundi and Rwanda. Investigations 
after the metal source for the Nb-Ta-Sn-W mineralization 
hosted in pegmatites, greisens and peribatholitic quartz 
veins revealed a genetic link between the Nb-Ta-Sn-W 

mineralization and the early-Neoproterozoic 
leucogranites (Dewaele et al. 2011; Hulsbosch et al. 
2016). 
 

 
Figure 1. Geological map of central Rwanda with indication of the 
Byumba drilling site and the neighboring Nyakabingo W and 
Rutongo Sn type-localities for Kibaran granite-related deposits (after 
Fernandez Alonso, 2007). 
 

Central African orogenic gold mineralization has in 
general been linked to fold-and-thrust belt formation 
(Brinckmann et al. 1994; Koegelenberg et al. 2016). An 
exact age for this deformation stage and associated gold 
mineralization is however still under debate. 
Koegelenberg et al. (2015) defined an age of ~ 1326 Ma 
in the eastern domain of the KAB, where gold 
mineralization in north-western Tanzania is clearly not 
associated with magmatic intrusions (Koegelenberg et al. 
2016). In contrast, a late Mesoproterozoic (1000-950 Ma) 
deformation is proposed by many different studies (Tack 
et al. 2010; Fernandez-Alonso et al. 2012; Pohl et al. 
2013). The overlap in timing between deformation and G4 
granite magmatism at 986 ± 10 Ma (U-Pb SHRIMP on 
zircons from the DR Congo; Tack et al., 2010) may 
suggest a possible genetic link. Important pegmatite Nb-
Ta-Sn mineralization is associated with the latter 



660 Life with Ore Deposits on Earth – 15th SGA Biennial Meeting 2019, Volume 2 

magmatism (Hulsbosch et al., 2016); as well as the W-Sn 
vein-type deposits (Dewaele et al. 2015). Fluid inclusion 
studies of Sn, W and Au quartz veins by Pohl and 
Günther (1991) suggest that as opposed to Sn and W, Au 
mineralization is not caused by the 986 ± 10 Ma G4 
magmatism, but related to deep crustal metamorphism. 
The latter would have been induced by crustal thickening 
immediately preceding granitoid magmatism and 
associated mineralization. In addition, there are 
ferruginous breccia zones which have been dated at 640 
± 28 Ma and are linked to Pan-African events (Rb-Sr 
muscovite-tourmaline; Brinckmann et al. 1994). Also Ar-
Ar dating of muscovite from quartz-sulfide-gold saddle 
reefs at the Twangiza deposit (Kivu, DRCongo) gives a 
Pan-African age of 522 ± 15Ma (Ar-Ar; Walemba 2001). 
To resolve this long-lasting discussion, the study of the 
gold occurrence at the Byumba deposit (Rwanda) forms 
a great opportunity to investigate the gold distribution and 
its relationship with the typical veins, minerals and 
tectonic evolution of the KAB. In this study, µXRF element 
mapping is used for the identification and distribution of 
gold and the relationship with different types of alteration/ 
mineralization. 
 
2 Methodology 
 
The Byumba gold deposit is situated ~40 km NNE of 
Kigali in the northern part of Rwanda, and was recently 
discovered by Desert Gold Ventures Inc. (Figure 1). 
Detailed core logging was performed on explorative 
drillings from the Byumba site with a focus on lithological 
variations, alteration, deformation structures, different 
vein generations and their relation to the ore grade. In 
total 9 drill cores (± 1800 m) were logged and sampled for 
further petrographic investigation with thin and polished 
sections. 

The major and trace element distributions and semi-
quantitative abundance within thick, thin and polished 
sections were mapped using the Bruker M4 Tornado 
Micro X-ray fluorescence (µXRF) scanner, available at 
the Vrije Universteit Brussel (de Winter et al. 2017). The 
measurements were executed using a Rh source and two 
XFlash 430 Silicon Drift detectors under vacuum 
conditions (20 mbar), with short acquisition times per spot 
size (1 ms per 25µm) and maximized source energy 
settings (600µA, 50kV). No sample coating is required 
and the method is fully non-destructive. This high-
resolution technique offers the opportunity to search for 
“invisible gold”, which is gold that could not be detected 
by means of standard petrographic microscopy. 

 
3 Results and discussion 

 
3.1 Lithology, vein generations and tectonic 

setting 
 
Lithologically, the drill cores of the Byumba deposit 
consist of alternations of sand- to siltstones with organic-
rich shales. Multiple quartz vein generations are  

 
Figure 2. a) General overview of a core from the Byumba deposit. 
Notice the folded and sheared lithology with an early generation of  
pyrite and a boudinaged shear vein parallel to the foliation. Incident 
light microphotographs: Hardness stick of 15cm for scale. b) Host 
rock with gold mineralization at  the contact between a sandstone 
and shale lithology. b) Early anhedral generation of pyrite (Py) which 
is replaced by euhedral pryrite and intensely hematized.  
 
identified within these metasediments, which underwent 
intense folding and shear deformation (see Figure 2a). 
Cleavage is well developed and dominantly axial planar. 
In mica-rich phyllites the cleavage can be crenulated. 
Alteration at the Byumba deposit is present in the form of 
pervasive chloritization, some sericitization, silicification 
and carbonatization. 

The first quartz vein generation in the paragenesis of 
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the Byumba deposit is parallel to and folded along with 
the bedding, which is indicative of a pre-folding origin. 
Massive quartz veins, concentrated in the hinge zones of 
folds, are associated with massive pyrite and represent a 
second generation of veining, which is related to folding. 
In addition, some irregular and thin chlorite-rich veins also 
occur in fold hinges, but they have a more widespread 
distribution in the metasedimentary rocks. A third 
generation of quartz veins is found in fault-related 
fractures or along the faults themselves. Fourth 
generation quartz veins occur parallel to the cleavage 
and may occasionally be boudinaged, which indicates 
formation after folding and cleavage development. This 
quartz vein generation also crosscuts the sandstones at 
an angle of 45°-60°. This orientation gives these quartz 
veins, in combination with the cleavage parallel-nature of 
the veins, a sigmoidal geometry. Based on mineralogical 
variations, a minimum of two distinct sigmoidal quartz 
vein generations can be identified. The earliest 
generation is primarily composed of quartz, chlorite and 
sericite. Sigmoidal quartz and Fe-rich carbonate veins 
crosscut the former, implying a younger age. The 
presence of shear zones and sigmoidal quartz veins are 
an expression of a distinct shearing phase which post-
dates folding and cleavage development. Intense 
chloritization and silicification and the occurrence of C’-
type shear bands are related to this shearing. Meter-thick 
massive quartz veins which crosscut the folds, cleavage 
and the aforementioned quartz generations represent a 
final vein generation. Host-rock fragments are frequently 
enclosed inside these veins, which therefore embody a 
brecciation phase. 
 
3.2 Mineralization 
 
The main sulfide mineral at the Byumba deposit is pyrite. 
Other sulfides include arsenopyrite, chalcopyrite, 
pyrrhotite and covellite. Numerous pyrite generations 
occur in the metasediments and quartz veins. Many of 
these pyrites show evidence of resorption and sieve 
textures. Early pyrite generations are anhedral and 
contain inclusions of chalcopyrite. The presence of 
quartz-filled pressure shadows surrounding some of 
these pyrites is evidence for a pre-deformation origin. 
Euhedral pyrites are younger and associated with 
inclusions of pyrrhotite (see Figure 2c). Several of the 
later pyrite generations are associated with folding and 
shearing deformation phases. A distinct correlation 
between the late shear-related carbonatization and large 
euhedral pyrites illustrates this relationship. 

Logging of the gold grade distribution revealed a 
correlation between shear zones and the gold content. 
This is further evidenced by µXRF results which show 
that the gold is hosted by an early dark grey quartz phase 
inside chlorite-rich shear veins (see Figure 3). Gold is 
often present in the form of invisible gold inside quartz but 
has very occasionally been microscopically observed as 
small disseminated blebs. The dark grey quartz phase 
which hosts the gold is an early expression of silicification 
in the generation of shear quartz veins. The milky white 
quartz is a later quartz phase of the same shear vein 
generation. None of the different pyrite generations 

present in the shear veins show an enrichment in gold on 
the element maps. No gold has been microscopically 
observed in the sulfides. In addition, µXRF shows a 
correlation between the gold and arsenic content of 
enriched zones inside the quartz veins and the host 
rocks. The latter may also be expressed by the presence 
of arsenopyrite inside the shear veins.  

 

 
Figure 3. (Top): Chlorite-rich shear vein with indication of a relatively 
early dark grey quartz phase and a later milky white quartz phase. 
(Bottom): µXRF Au heat map of the chloritized shear vein which 
shows an enrichment in the early grey quartz phase.  

 
Gold blebs are also found at sandstone/shale 

lithological contacts (see Figure 2b). These are difficult to 
place in the paragenesis of mineralization due to their 
disseminated nature and non-association with a specific 
mineral phase. A secondary gold enrichment stage may 
be proposed by the presence of the high ore grade at the 
oxidation/reduction zone boundaries at specific depths in 
the studied drill cores. 
 
4 Conclusion 
 
The relative timing, paragenesis and character of the 
different quartz vein generations at the Byumba deposit 
can be compared with quartz veins studied at other 
deposits in Rwanda. At the Nyakabingo W-deposit, three 
different types of quartz veins are identified (Dewaele et 
al. 2016), which may correspond to the pre-folding and 
the often massive cleavage parallel shear veins observed 
in this study. The folding of the metasediments and early 
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quartz vein generations indicate a pre- to early orogenic 
origin for the latter. After folding and cleavage 
development a pervasive phase of shearing causes the 
formation of the cleavage parallel or sigmoidal quartz 
veins. The aforementioned shearing, which is also 
associated with brecciation, is recognized in various 
deposits around the KAB (Pohl and Günther 1991). W 
and Sn mineralization thus shows similar pre- and syn- to 
post-deformation veins as found at the Byumba gold 
deposit, but a direct correlation is still difficult to make. 

Gold occurs in the form of invisible gold and in the form 
of small disseminated blebs. The presence of gold is 
accompanied by an enrichment in the arsenic content of 
the quartz and the presence of arsenopyrite. The 
observed textures of the pyrite point to sulfide 
recrystallization and remobilization which is often 
associated with low gold content in orogenic-type and 
metamorphosed gold deposits (Cook et al. 2009). 
Supergene enrichment of gold is identified at 
oxidation/reduction zone boundaries based on the ore 
grade variation inside the boreholes. Secondary gold 
mineralization is also identified by Brinckmann et al. 
(1994), which links the redistribution of the gold to Pan-
African structural reactivation. 
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