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Abstract. The skarn alteration is poorly preserved at the Elatsite, restricted to the hornfelses from the East, Southeast 
and Southern part of the deposit. The rocks are defined as exoskarns, with a mineral composition including garnets, 
epidote, pyroxene, amphiboles, carbonates, prehnite, quartz, sulphides. The newly formed minerals occur in poorly 
preserved layers. The garnet grains are subhedral with inclusions of epidote and quartz, while some of them are cor-
rode with carbonate and zeolites formed in the fractures. The garnets are grossular-andradite type, with higher values 
for HREE over LREE, and low values for Rb, Sr, Ba, Pb and U. The skarn formation is related with the intrusion of the 
magma which causes the heating of the metamorphic rocks (rich in carbonate material – chlorite-sericite-carbonite, 
sericite-carbonate schists, etc.) from the low-grade metamorphic rocks. The Fe+3–Al+3 exchanges in the cores of the 
garnets indicate their formation from fluids with high oxygen fugacity. 
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Introduction

The Elatsite porphyry-copper gold deposit (PCGD) 
is one of the largest operating open pit mines in Bul-
garia. It has been -in exploitation since 1983–1984 
with more than 255 390 tons ore with Cu content 
0.388% extracted until the end of 2008 (Georgiev, 
2009). 

During the years of exploitation, multiple re-
searchers have worked at the deposit, but with the 
progressing exploitation and new prospecting drill-

ings in deeper parts of the hydrothermal system a lot 
of new information is collected. Assumptions about 
the presence of skarn mineralization in the Elatsite 
deposit were expressed by Prof. Zhivko Ivanov in 
several industrial reports and oral communications. 
Before that, Kanazirski (in Popov et al., 2000) 
mentioned a limited skarn formation around the 
low-grade metamorphic schists and phyllites of the 
Berkovitsa Group of the Diabase-Phyllitoid com-
plex – and Lazarova (2007) described a skarn for-
mation in the halo around the Vezhen pluton outside 
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the open pit, with mineral composition presented by 
epidote and garnets and multiple epidote and feld-
spar veins. During the last years a skarn alteration 
in the Elatsite deposit was defined based on detailed 
petrographic investigations and geochemical min-
eral analyses.

The current work is dedicated to the occurrence 
and characterization of garnet minerals from the 
skarn mineralization in the Elatsite PCGD, their re-
distribution and mineral chemistry. 

Geology
The Elatsite PCGD is situated at the most north-
ern part of the Panagyurishte ore region which is a 
part of the Apuseni-Banat-Timok-Srednogorie Late 
Cretaceous copper belt (e.g. Popov et al., 2002). 
The geology of the deposit consists of a Variscan 
basement, intruded by Upper Cretaceous magmat-
ic subvolcanic to hypabyssal dykes and dyke-like 
intrusive porphyritic bodies. The main porphyritic 
rocks are presented by quartz-monzodiorites, gran-
odiorites as well as quartz-diorites (e.g von Quadt 
et al., 2002). The basement comprises low-grade 
Paleozoic variegated schists intruded by the Upper 
Carboniferous Vezhen granitoid (mainly granodi-
orite) pluton (e.g. Lazarova, 2008; Georgiev et al., 
2020). At the contact of the Vezhen pluton with the 
metamorphic rocks different hornfelses and mottled 
schists are formed (e.g. Kalaidziev et al., 1984, La-
zarova, 2008).

The hydrothermal alteration products are repre-
sented by propylitic, K-silicate, K-silicate-sericitic, 
sericitic (e.g. Kanazirski et al., 2002), phyllic-argil-
lic (Tarkian et al., 2003), argillic (Kehayov, 2005; 
Georgiev, 2019) and quartz-adularia-carbonate al-
terations (Ivanov et al., 2014) and calcic-potassic 
alteration (Georgiev, 2019). Our new investigation 
characterizes Na-Ca alteration (rare in the deposit), 
Na-Ca-K-silicate (transitional between Na-Ca and 
K-silicate alteration) and skarn alteration (Geor-
gieva et al., 2019). 

Materials and methods
Garnet from drillhole GP-10 was studied in two 
samples. Standard petrographic observations were 
combined with optical cathoduluminescence (Cold-
CL) imaging. Cold-CL images were obtained using 
a CATHODYNE optical cathodoluminescence sys-
tem (NewTec Scientific, France) at the Geological 
Institute of the Bulgarian Academy of Sciences. 
JEOL JSM 35 CF at “Eurotest-Control” EAD, So-
fia, Bulgaria was used for determination of a major 
element composition of minerals with EDS (100 
seconds for spectra acquisition, at 15 KEV accelera-
tion voltage, using natural and synthetic standards, 

EDX-TRACOR NORTHERN TN-2000). LA-ICP-
MS technique was applied to determine minor and 
trace elements in garnets. The used LA-ICP-MS 
system at the Geological Institute of the Bulgarian 
Academy of Sciences consists of a Perkin Elmer-
ELAN DRC-e spectrometer (Perkin Elmer, Cana-
da) with 193 nm ArF excimer laser (ATLEX-LR, 
Germany). The internal standard (SiO2) is from the 
microprobe analyses of the respective minerals. The 
laser system operated at constant 8 Hz pulse rate 
and laser energy 1.80–2.60 J/cm2 on the sample sur-
face for 25 to 35 μm spot size. 

Results 

Petrography
The formation of the skarn alteration is revealed 
in drillholes from the East, Southeast and South-
ern part of the deposit, where it occurs in the horn-
felses. The rocks are knotted schists with partial 
preservation of the schistosity, and the skarn alter-
ation is developed with different intensity. Meta-
morphic minerals (biotite, chlorite, andalusite, 
amphibole, quartz and feldspar) are preserved in 
some places, and newly formed minerals are usu-
ally in layers. With the increasing intensity of the 
skarn alteration the hydrothermal minerals re-
place metamorphic ones. Metamorphic amphibole 
is replaced by epidote, while the andalusite por-
phyroblasts are completely replaced by the newly 
formed minerals. 

The knotted schists and the skarns are cross-cut 
by a multiple diversity of veins: amphibole-epidote; 
fine epidote veins with sulphides; thicker – mono-
mineral epidote veins (up to 6–8 mm); pyroxene 
veins; zeolites or carbonate veins. 

The mineral composition of the skarn alteration 
is established as garnet, epidote, pyroxene, carbon-
ate, prehnite, quartz, amphiboles and a few sul-
phides. These minerals occur in layers with partial 
preservation of the schistosity. With the increasing 
intensity of the process, they are forming parallel 
stripes, as their occurrence is related to certain lay-
ers of the metamorphic rock (containing more car-
bonate) (Fig. 1A).

The garnets predominate in the intensely skarn 
areas and with the decreasing intensity the grains 
move apart, and the participation of the other skarn 
minerals predominate. The garnet grains are subhe-
dral with inclusions of epidote and quartz (Fig. 1B.). 
Few of the grains are fractured and corroded and 
carbonate minerals and zeolites are formed in the 
fractures. 

Cathoduluminescence images reveal slight zo-
nation in the garnet grains (Fig.  1C) with darker 
cores and lighter rims.
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Mineral chemistry of garnets

The garnets are defined as grossular-andradite with 
Gro component (15.66–43.26), andradite (45.97–
76.89) and an Alm component (3.76–8.02). The 
positive Fe+3–Al+3 exchange is present (Fig.  1D) 
which is typical for the garnets from grossular-an-
dradite varieties. In the core, higher values for the 
andradite component are established, while the rims 
show slightly higher Alm component. 

The REE-distribution pattern (Fig.  1E) shows 
higher concentration of HREE over LREE, and LaN/
YbN ratio between 0.11–0.20 for all the grains, but 
slightly higher values for REE in the cores over the 
rims of the garnets. All garnets have low values for 
Rb, Sr and Ba, and very low values for Pb and U 
(that does not allow the age determinations). 

Discussions and conclusions 

At this stage of the deposit exploitation, skarns are 
revealed at limited places. As already been men-
tioned they are observed in drillholes from the East, 
Southeast and Southern part, in the hornfelses. The 
occurrence of the skarn alteration is probably relat-
ed to the circulation of water from the metamorphic 
basement (rich in carbonates) during the emplace-
ment of the magma. Such formation mechanism 
has been proposed by several authors (e.g. Mollo 
et al., 2009). Inhomogeneity of metamorphic rocks 

and the variable content of the carbonate material 
caused layered occurrence of skarn alteration. The 
formation of the garnet minerals is related with car-
bonate rich layers. 

The Fe+3–Al+3 exchange present at the cores of 
the garnet grains shows a formation from fluids 
with high oxygen fugacity during the early stage. 
The presence of a slightly higher almandine com-
ponent (Alm up to 8.02) in the rims, probably indi-
cates changes in the redoxy conditions in the later 
stage of skarn formation.

The petrography of the garnets reveals that the 
grains are fractured and corroded, and the fractures 
are filled with later materials (zeolites and carbon-
ates). This is probably related to later hydrother-
mal activity affecting the rocks, leading to the 
formation of multiple veins with diverse mineral 
composition. 

The time formation of the skarn alteration in the 
Elatsite deposit is a problem that cannot be solved 
by the available data. The low content of U in the 
analyzed garnets makes these minerals inappropri-
ate for age dating. The studied skarn alteration is as-
sociated with the rocks of the Upper Carboniferous 
Vezhen granodiorite pluton and no direct connec-
tion to the Upper Cretaceous rocks is observed. In 
general, the skarn alteration stays as a halo around 
the pluton and according to data from Lazarova 
(2007, 2008) the skarn formation outside the open 
pit is related to the emplacement of the Vezhen plu-

Fig. 1. A and B, microphotography of layered-formed garnet grains with epidote in the skarns; C, cold-CL image of garnets;  
D, graphic construction of Fe+3–Al+3 exchange in garnets; E, chondrite-normalized REE-distribution pattern in garnets (norm. after 
Boynton, 1984)
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ton. We can assume that the time of formation of 
the skarn mineralization associated with the Elatsite 
deposit will be similar to the described by Lazarova 
(2007, 2008), but to be excluded a genetic relation 
with the Late Cretaceous magmatism requires reli-
able isotope dating techniques in the future. 
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