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Abstract. This study is focused on the mineral assemblages developed during hydrothermal alteration in the 
host rocks of the Chelopech deposit and aims to reveal some characteristics of ore-forming fluids. Three well-
distinguished and simultaneously formed hydrothermal alteration zones, characterized by specific mineral 
associations, occur in the area: advanced argillic, sericitic and propylitic. The presence of silica residue locali-
ties in the advanced argillic zone marks the major channels of hydrothermal fluids and indicates participation 
of extremely acid fluids. The existence of alunite and zunyite in the alteration indicates development of acid-
sulphate hydrothermal environment, with presence of F in the fluid, which is considered to be an important 
feature of ore-bearing high-sulphidation epithermal systems. Dickite in association with alunite in the upper 
levels of the deposit suggests temperature of formation 200–250 °C. The highest temperature in depth is lim-
ited up to 375 °C, considering the occurrence of zunyite, pyrophyllite and dickite.

Georgieva, S. 2017. Mineral associations and their distribution in hydrothermal alteration zones of 
the Chelopech high-sulphidation deposit, Bulgaria. Geologica Balcanica 46 (2), 11–16.

Keywords: advanced argillic, sericitic, propylitic, acid-sulphate system, alunite, zunyite.

INTRODUCTION

The Chelopech high-sulphidation epithermal Cu-Au 
deposit is located within the northern part of the Pa-
nagyurishte ore region, Central Srednogorie magmatic 
zone, Bulgaria. The genesis of the ore mineraliza-
tion is related to Late Cretaceous magmatic activity. 
Since 1954, exploration and ore processing in the de-
posit have been extensively developed and have been 
the focus of extensive geological, mineralogical and 
hydrothermal alteration research. The deposit rep-
resents one of the most important Cu-Au sources in 
Europe, with a past production of 19.8 Mt ore with 
1.2% Cu. According to Baltov and Donchev (2012), 
the processed ore in 2011 amounted to 357,036 t, 
with an average content of 1.37% Cu, 3.89 g/t Au and  
8.80 g/t Ag. The hydrothermal alteration of the host 
rocks has been a subject of research since the first 
years of exploration (Chipchakova, 1966; Mutafchiev 
and Chipchakova, 1969; Radonova, 1969); however, 
there is some controversy about characteristics, type 
and stages of formation. This study aims to present a 

new perspective on mineral composition, zonal devel-
opment and distribution of hydrothermal alteration in 
the area of the deposit.

GEOLOGICAL SETTING

The Chelopech deposit is a part of the Elatsite–Chelo-
pech ore field and is hosted in Upper Cretaceous vol-
canic and volcano-sedimentary complex with trans-
gressive position over high-grade metamorphic mig-
matized gneisses, schists and amphibolites and low-
grade metamorphic phyllites and schists. Lava flows, 
subvolcanic bodies, various breccias with volcanic el-
ements and tuffs with andesitic, latitic, dacitic to trach-
ydacitic composition are the main types of rocks host-
ing the ore mineralization (Stoykov et al., 2002). U-Pb 
zircon dating of andesites indicates an age of 91.45 ± 
0.15 Ma (Moritz et al., 2003). The economic miner-
alization is concentrated among the volcanic breccias, 
commonly as stockwork, veins and disseminations. 
Massive or banded ore bodies with replacement tex-
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tures are related to volcanic tuffs. Large alteration halo 
with zonal character is developed in the rock complex, 
hosting the mineralization.

METHODOLOGY

Sampling covers the entire open and accessible area 
of the surface above the mine and in the underground 
galleries, mainly of level 405 (300–350 m below 
present-day surface). Material from the exploration 
drilling network, developed in the deposit, was also 
used. The mineral assemblages and the paragenetic 
relations of minerals were studied by transmitted and 
reflected light microscopy. The chemical composition 
of minerals was determined, using a scanning electron 
microscope (SEM) Jeol “Superprobe 733”, with EDS 
HNU “System 5000” (Geological Institute, BAS) and 
electron probe micro-analyzer (ЕPMA) CAMECA 
CAMEBAX SX-50 (BRGM, Orleans, France). X-ray 
powder diffraction with a G-670 Guinier camera was 

carried out for defining the mineral composition of the 
rocks (Geological Institute, BAS).

RESULTS

The hydrothermal alteration of rocks is developed in 
large scale around the ore mineralization and is estab-
lished in the whole investigated area, down to a depth 
of 2000 m, covering subvolcanic bodies, phreatomag-
matic breccia and associated tuffs and sedimentary 
rocks. The hydrothermal influx is favored by different 
fault systems and by the permeability of the host rocks. 
The most intensive alteration with silica residue occurs 
in the Central part of the Chelopech deposit, where the 
extraction of all components, except SiO2, leads to for-
mation of vuggy silica or massive silica bodies.

Depending on the degree of alteration, there are 
three concomitant and well-distinguished zones ob-
served in the host rocks: advanced argillic, sericitic 
and propylitic (Fig. 1). These zones are characterized 

Fig. 1. Hydrothermal alteration on the surface area of the Chelopech deposit (after Radonova, 1969; modified with additions). 
Lithological basis after Chambefort (2005).
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by specific mineral associations with gradual transi-
tions between them. The transition areas are marked 
by mixed mineral composition.

The advanced argillic zone traces the innermost 
parts of the hydrothermal system that is character-
ized by the deposition of the main ore mineralization 
volume and the presence of different hydrothermal 
breccia types (Fig. 2). The principal conductive hy-
drothermal flow channels are often indicated by the 
manifestation of silica residue localities. This altera-
tion is developed in a close distance around the ore 
bodies and could be found mainly underground. On 
the recent surface, this zone is observed in limited lo-
cations. The best example is the area of Sharlo Dere, 
~1 km to the northeast from Chelopech mine, which is 
assumed to be an exhumed part of the deposit (Popov 
et al., 2000). The advanced argillic alteration is de-
veloped among different types of breccia, subvolcanic 
andesites, tuffs and sedimentary rocks and is reaches 
up to 2000 m in depth from the recent surface. Later-
ally, the spread of this zone is not large and usually 
develops within 100–150 m away from the ore bodies. 

The mineral composition is quartz (10–50%), dickite/
kaolinite (30–60%), pyrite (10–30%), alunite and alu-
minium phosphate-sulphate (APS) minerals (2–10%), 
minor sericite (muscovite) and anatase. Pyrophyllite, 
diaspore and, rarely, zunyite have been documented 
in deeper levels (~1000 m from recent surface) of the 
deposit. Quartz, dickite and kaolinite are the main 
alteration minerals in the advanced argillic zone, ap-
pearing in mixed aggregates of fine grains and flakes 
and completely replacing the primary mineral assem-
blage of the original rocks. The quantity of clay miner-
als generally predominates over the quartz among the 
tuffs and sedimentary rocks (dickite/kaolinite >60% 
– quartz <20%), whereas among the breccias and sub-
volcanic varieties the ratio is quartz >50% – dickite/
kaolinite <30%. Fine impregnation of pyrite is char-
acteristic for all rock volumes. Thin veins and nests of 
the same mineral are also common.

In deeper levels of the deposit (~1000 m un-
derground), the mineral assemblage in this zone is 
changed and various high-temperature minerals ap-
pear. Pyrophyllite occurs abundantly as 10–15 µm 

Fig. 2. Distribution of hydrothermal alteration and ore bodies in the Chelopech deposit according to unpublished data by Mutaf-
chiev and Petrunov (1996; with additions) (underground operating mining level 405, ~350 m under recent surface). Lithological 
basis after Chambefort (2005). Ore bodies are based on economic criteria.
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flakes in nests, thin veinlets or as alteration of clasts 
and phenocrysts along with dickite, quartz, pyrite and 
sometimes diaspore and zunyite. Its content in the 
rocks reaches up to 10%. Diaspore is observed as fine 
irregularly shaped grains (~50 µm), disseminated in 
the whole rock in association with dickite, quartz, py-
rite, pyrophyllite and rarely zunyite. Its content in the 
rocks is up to 5%. Zunyite is not a common mineral 
in the deposit but is specific for the high-sulphida-
tion epithermal system. Its occurrence has also been 
noted at depth more than 1000 m (Georgieva et al., 
2002). Under the microscope, the mineral is color-
less with parallel polarizers and isotropic with crossed 
polarizers and is observed as idiomorphic crystals 
with triangular sections with dimensions up to 200– 
300 μm. This mineral, in association with pyrophyl-
lite, diaspore and dickite, marks higher temperatures 
in the mineral-forming process.

Georgieva and Velinova (2012a) considered the 
presence of alunite in the deposit to be most abundant 
in the area of Sharlo Dere and sporadic, as single crys-
tals, in the underground levels of the Chelopech mine. 
Recently, significant occurrence of this mineral was 
found in numerous drill cores from Western part of 
the deposit, in close association with the ore miner-
alization and variable content (1–20% – Georgieva et 
al., 2016). Alunite occurs as pale to deep pink veins 
and nests and pseudomorphic replacements among the 
volcanic breccia, in association with dickite/kaolinite, 
quartz, APS, pyrite and enargite. The mineral forms 
tabular 5–600 μm crystals.

The presence of APS minerals in the advanced 
argillic zone of alteration is also common. They are 
observed as disseminated zonal crystals or irregular 
5–150 µm grains, often enclosed in bladed alunite, 
or as micro-crystalline mass among clay matrix and 
quartz. The chemical composition of these APS gener-
ally represents svanbergite, svanbergite-woodhouseite 
solid solutions, woodhouseite, crandallite and floren-
cite-(Ce, La, Nd) (Georgieva et al., 2002; Georgieva 
and Velinova, 2012b).

With a distance relative to the ore mineralization, 
the advanced argillitic alteration is gradually trans-
formed to sericitic one, with development of a nar-
row intermediate zone with mixed mineral composi-
tion. This alteration covers wide area in the deposit 
and is usually traced up to 300–400 m away from the 
advanced argillic zone. Preserved primary textures 
of subvolcanic andesite, phreatomagmatic breccia, 
volcanic tuffs and associated sedimentary rocks can 
be recognized. The only relict minerals that may be 
observed are partially resorbed porphyry quartz and 
apatite in the volcanic rocks. Main minerals, devel-
oped during hydrothermal alteration, are fine-grained 
quartz, muscovite, illite, rarely kaolinite and rutile. 
Fine-grain pyrite impregnation is typical. The ratio 
of the major minerals in this zone is muscovite/illite 
~50% relative to quartz ~30%. The transition between 
sericitic to advanced argillic alteration is marked by 

increasing amount of kaolinite (up to 5%) and occur-
rence of sporadic and very fine-crystalline APS miner-
alization (10–50 µm in size). The lack of apatite relicts 
in this intermediate area is also noted.

Propylitic alteration in the Chelopech deposit rep-
resents the outermost and remote area developed in the 
rocks of the volcanic complex. This alteration could 
be observed mainly on the surface, in the area above 
the mine, as well as in depth, apart from the sericitic 
zone established by drilling works. The rocks that 
have undergone this alteration usually have preserved 
original texture and partially preserved relics of mag-
matic plagioclase, quartz, amphibole and apatite phe-
nocrysts. Main hydrothermal alteration minerals are 
quartz, albite, calcite, chlorite, pyrite, muscovite and 
rarely epidote. The transition towards sericitic zone is 
gradual and is most frequently marked by increased 
amount of muscovite.

Muscovite occurs in small quantities as fine-
grained aggregates or veinlets among the phenocrysts 
and matrix and often, along with chlorite and rarely 
epidote, replaces almost entirely the mafic miner-
als, such as amphibole and biotite. Albite is common 
mainly as metasomatic replacement in separate zones 
of primary magmatic plagioclase or as thin veins and 
nests, together with quartz and muscovite. The min-
eral generally forms limpid veinlets and aggregates up 
to 100 µm in thickness. Calcite occurs as single clear 
euhedral, subhedral to anhedral crystals and grains or 
as nests and veins in the whole rock. Chlorite forms 
nests and impregnations, mostly in amphibole and 
biotite, but it also occurs in the matrix. The mineral 
is pleochroic of green to brown color and associates 
mainly with muscovite. Epidote is occasionally found 
in single fine grains in associations with chlorite and 
muscovite, as an alteration on mafic minerals. Quartz 
is observed in fine-grained nests and veins in the ma-
trix or among plagioclase phenocrysts, in association 
with albite and muscovite. Pyrite impregnation is 
characteristic for all wall-rock alterations.

DISCUSSION AND CONCLUSIONS

Three main hydrothermal alteration zones are ob-
served in the Chelopech deposit, formed as a result of a 
unified hydrothermal process and developed in a wide 
distance, laterally and in depth up to 2000 m in the 
volcanic complex. In the innermost part of the system, 
an advanced argillic zone is manifested, where the ore 
mineralization is embedded among different types of 
hydrothermal breccia. The presence of a silica residue 
area in this unit marks the major channels of the hy-
drothermal fluids. This zone, with a smooth transition 
and mixed mineral association, is transformed into 
sericitic alteration, which also gradually transforms to 
the most widely manifested propilitization. The main 
mineral association in the advanced argillic zone is 
composed of quartz, dickite, kaolinite, APS, alunite 
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and pyrite. Pyrophyllite, diaspore, and zunyite occur 
in depth. Alunite forms at temperatures up to 500 °C, 
high SO4

2– activity, high oxygen potential and low pH 
values (0.8–5.3) (Hemley et al., 1969). APS minerals 
are stable up to 400 °C, at high PO4

3– activity, high 
oxygen potential and a wide range of pH (3–8), from 
acid to neutral (Ripp et al., 1998). The predominance 
of dickite in association with alunite and APS in the 
upper levels of the deposit suggests temperature of 
formation about 200–250 °C (Hemley et al., 1980), 
which is in accordance with the isotope temperature 
study (213 ± 7 °C) in pyrite–alunite pair sample from 
the deposit (Lerouge et al., 2006). In deeper levels of 
the deposit, where diaspore, pyrophyllite and zuny-
ite appear in the mineral association, the temperature 
of formation increases. According to Hemley et al. 
(1980), the coexistence of pyrophyllite and diaspore 
indicates a temperature above 285 °C and a very low 
pH (1–1.5). The experimental data of Zarayski et al. 
(1981) indicate a temperature interval of 290–410°C 
and pH <2–2.8 as decisive factors in the formation of 

pyrophyllite-containing secondary quartzite. Similar 
interval of 270–390 °C as a necessary condition for 
the formation of quartz-pyrophyllite-muscovite para-
genesis was defined by Ivanov (1984). The presence 
of zunyite, pyrophyllite and dickite in the mineral as-
sociation limits the highest temperature of formation 
up to 375 °C (Berman, 1988). In accordance with the 
obtained mineralogical and isotopic data, the tempera-
ture and conditions of formation in advanced argillic 
alteration of Chelopech deposit can be considered in 
the range of 200–250 °C, pH 3–5 in the upper levels 
and >300 °C, pH <3 in deeper levels of the hydro-
thermal system. An exception of this assumption is 
the massive silicification (“vuggy silica” and “massive 
silica”) areas at the high levels of the deposit, where 
the pH range is assumed to be extremely low. The 
presence of alunite and zunyite in the advanced argil-
lic alteration indicates development of acid-sulphate 
hydrothermal environment with presence of F in the 
fluid, which is considered to be an important feature 
of ore-bearing high-sulphidation epithermal systems.
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