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Introduction and geological setting
Until recently, it was considered that the most abundant 
presence of alunite in the altered rocks of Chelopech 
deposit is found in the area of Sharlo Dere occurrence 
(recent surface, altitude 750 m), located about 1 km 
to the northeast of Chelopech mine and suggested by 
Popov et al. (2000) as an exhumed part of Chelopech 
deposit. In the underground levels of the deposit this 
mineral was irregularly and sporadically found as sin-
gle crystals (Georgieva, Velinova, 2012).

Alunite is typical mineral for the advanced argil-
lic alteration in high-sulphidation epithermal miner-
alizing systems. The alteration is characterized with 
presence of diverse mineral composition, consist-
ing mainly of quartz, dickite, kaolinite, sericite, py-
rite, alunite, aluminium phosphate-sulphate minerals 
(APS), rutile/anatase and sporadically diaspore, zu-
nyite, andalusite, corundum, and topaz.

The aim of this study is to provide additional infor-
mation about the presence of alunite in deeper levels 
(under level 200) of the Western part (block 151) of 
Chelopech deposit. 

The Chelopech high-sulphidation Cu-Au deposit is 
located within the northern area of the Panagyurishte 
ore region that belongs to the Banat-Srednogorie met-
allogenic belt. The deposit is a part of the Elatsite-
Chelopech ore field and is hosted by an Upper 
Cretaceous volcanic and volcano-sedimentary com-
plex. The genesis of the ore mineralization is related 
to the Late Cretaceous magmatism, controlled by the 
central parts of the Chelopech volcano (Popov et al., 
1983). The economic Cu-Au ore bodies are hosted 
among the volcanic rock assemblage, composed of 
dacite-andesitic lavas, various breccias and tuffs that 
has undergone advanced argillic alteration. 

Results and discussion
A significant occurrence of alunite was found in nu-
merous drill cores from the Western part of Chelopech 
deposit and especially of block 151. The range of 
distribution in the studied areas extends among and 
around the ore bodies from level 280 to level –120. 

In field researches the Short Wave Infrared Spec-
tro metry (SWIR) is applied for identification of sul-
phates (alunite and APS) and other minerals (dickite, 
kaolinite, pyrophillite, etc.). Certain minerals absorb 
the SWIR energy at specific wavelength ranges by vi-
brational mechanism of the molecular bonds in their 
structures. Alunite shows strong reflectance features 
at 1.4, 1.8 and 2.2 µm. It is quite useful for its dis-
tinguishing in fine silica – tuffaceous matrix or when 
it is mixed with other clay minerals. Macroscopically 
alunite occurs as pale to deep pink veins and nests 
with up to 3 cm thickness and pseudomorphic replace-
ments among the volcanic breccias and is present in 
association with dickite/kaolinite, quartz, pyrite and 
enargite (Fig. 1). At least two generations of alu-
nite could be observed due to various relations with  
other minerals. In some cases veins and nests of alunite 
along with clay minerals and quartz intersect and in-
volve a previously formed pyrite veins and dissemina-
tions. Enargite aggregates are also enclosed in alunite 
and it is seems that alunite is formed later. In other 
cases alunite seems to be formed earlier as alteration 
of clasts and phenocrysts, intersected by pyrite and 
enargite veins. 

Microscopically the earlier alunite associates with 
APS minerals, quartz, dickite/kaolinite, pyrite and ru-
tile/anatase and is present as bladed 5–600 µm crys-
tals. The chemical composition was determined with 
Jeol “Superprobe 733” (EDS-HNU “System 5000”), 
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content reaches up to 8.16 wt% – 0.9 atoms per for-
mulae unit (apfu), Na2O – up to 3.74 wt% (0.67 apfu). 
Ba (0.02 apfu), Ca (0.02 apfu), Sr (0.01 apfu), as well 
as PO4

3– (0.05 apfu) are also detected. APS minerals 
often occur as zonal grains or crystals in the central 
part of alunite blades. Their chemical composition is 
mixed and fall into woodhouseite-svanbergite-cran-
dallite field. Increased Ba content (0.23 apfu) was also 
established. 

The absence of alunite in the altered rocks that host 
the economic ore bodies in Chelopech deposit was 
the reason the alteration type to be defined as acid-
chloride instead of acid-sulphate, typical for the high-
sulphidation systems (Kanazirski, 2011). The pres-
ence of alunite among the ore bodies in depth proves 
the formation of the hydrothermal alteration by acidic, 
sulphate-bearing hydrothermal fluids with high oxy-
gen potential.
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Fig. 1. Alunite from the advanced argillic alteration in deeper 
levels of the Western part of Chelopech deposit (block 151): 
a, image of drill core with veins and nests of alunite, clay 
minerals and quartz, crosscutting pyritized breccia; b–d, 
microphotographs of bladed alunite in association with APS, 
quartz, dickite/kaolinite and pyrite
Alu, alunite; Qz, quartz; APS, aluminium phosphate-sulphates 
minerals; Dck/Kao, dickite/kaolinite; Py, pyrite

GI–BAS. A distinct zoning could be observed in the 
grains with BSE images due to variation in composi-
tion of K, Na along with Ba, Ca and Sr. In some analy-
ses Na is raised and reaches natroalunite member. K2O 
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