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Abstract. The major and trace-element chemistry of two pyrite generations (Py1 and Py2) from the Kandilka epi-
thermal prospect was studied by EDS-scanning electron microscopy and laser ablation ICP-MS techniques. Both 
generations of pyrite are distinguished by occurrence and chemical properties. Pyrite from the first generation (Py1) is 
established as trace-element poor, sub- to euhedral (mainly single) crystals up to 200 µm. The later As-bearing pyrite 
(Py2) forms fine-grained semi-massive aggregates with increased contents of trace-elements. Except for arsenic, Py2 
is enriched in gold and antimony. The As content of Py2 increases in an oscillatory manner from core to rim, reflect-
ing changes in As activity and the chemical evolution of ore-bearing fluids. The oscillatory-zoned pyrite is composed 
of complex rhythmic overgrowths of alternating As-rich and As-poor bands. Positive correlation between As- and 
Au-content in Py2 is characteristic. According to the current results, the Kandilka prospect could be concerned as a 
low-sulphidation deposit.
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Introduction

The current study focuses on the chemical compo-
sition of two distinguished generations of hydro-
thermal pyrite, occurring as the main gold-bearing 
mineralization in the Kandilka prospect. The inves-
tigated sulfide mineralization is deposited mostly 
within a sedimentary rock sequence overlying the 
high-grade metamorphic rocks in the area SW of 
Krumovgrad. 

Geological setting

The Kandilka prospect is epithermal occurrence of 
low-sulfidation type hosted mainly in the sedimen-

tary clastic rocks of the Shavar formation (mostly 
in the polygeneous breccia and breccia-conglomer-
ates) and partly in the underlying basement com-
posed of the high-grade metamorphic rocks of the 
Krumovitsa Lithotectonic Unit (Sarov et al., 2007). 
The mineralization occurs in the vicinity of the Kes-
sebir dome (Bonev, 2002). Based on the rock type 
and tectonic setting of the metamorphic rocks, two 
major tectonostratigraphic units have been recog-
nized in the elongated in NNE direction dome. The 
structurally lower gneiss-migmatite complex crops 
out in the core of the Kessebir metamorphic dome 
and dominated by igneous protoliths including me-
tagranites, migmatites and migmatized gneisses 
overlain by a series of pelitic gneisses, and rare am-
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phibolites (Kessebir Lithotectonic Unit; Sarov et al., 
2008). The overlying Krumovitsa lithotectonic Unit 
consists of a heterogeneous assemblage of pelitic 
schists, paragneisses, amphibolites, marbles and 
ophiolite bodies. Pegmatite dykes and aplite veins 
are relatively rare. Paleogene sediments cover the 
metamorphic basement and are subsequently hy-
drothermally reworked, hosting the Kandilka min-
eralization. The clasts of the hydrothermal breccia 
represent the above mentioned rock composition. 

Analytical methods and materials
For the purpose of this study, representative sam-
ples from drill cores of the studied area were used 
with the permission of Dundee Precious Metals 
Krumovgrad. More than 20 samples from 8 differ-
ent drill holes have been collected. Here are report-
ed the chemical characteristics of pyrite from three 
representative samples (namely 4, 8 and 9) of the 
studied area. Thick polished sections were prepared 
from drill core samples 4, 8 and 9, representing typ-
ical hydrothermal breccia and quartz-pyrite veins, 
observed in the Kandilka prospect. The samples are 
observed under reflected light by polarising opti-
cal microscope at the Geological Institute, Bulgar-

ian Academy of Science (GI-BAS). The chemical 
analyses are performed by JEOL JSM-6010PLUS/
LA at the University of Mining and Geology, Sofia. 
The trace-element composition of pyrite was de-
fined at the GI-BAS, using the LA-ICP-MS system 
consisting of New Wave Research 193 nm Excimer 
laser UP-193FX attached to a Perkin-Elmer ELAN 
DRC-e quadrupole inductively coupled plasma 
mass spectrometer. Mass 1 standard was the pri-
mary external standard for compositional character-
istics. SILLS program was used for data reduction 
and calculation of the chemical composition.

Results and discussion
Quartz-pyrite veins observed in the Kandilka pros-
pect generally crosscut the foliation of the high-
grade metamorphics rocks and the bedding of the 
overlaying sedimentary Shavar Formation, part of 
the Krumovgrad Group (Sarov et al., 2007). Typical 
zonal, banded, colloform and cavernous textures of 
the veins are observed. The silicified ± carbonates 
mineralized hydrothermal breccia occurs mainly 
in the overlaying sediments, where weak to mod-
erate argillic alteration occurs. The analyzed thick 
polished sections, by SEM-EDS and LA-ICP-MS, 

Fig. 1. A, drill core sample 4_2A, macroscopically defined as hydrothermal breccia; B, thin section image under PL of A.; C, BSE 
image of B., where red dots indicate LA-ICP and EDS points of analyses; D, drill core sample 8_1, hydrothermal breccia cross-
cut by Qz-Py veinlets; E. BSE image of D., where euhedral isomorphic crystals are defined as Py1 and the nests and veinlets of 
smaller crystals as Py2; F, BSE image of zonal growth in Py2; G, drill core sample 9, hydrothermal breccia with semi-massive Py 
mineralization (Py2); H, thin section image under PL of G.; I, BSE image of Py2. Abbr.: PL, polarized light, Py, pyrite, Qz, quartz.
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helped to distinguish two generations of pyrite (Py1 
and Py2). Py1 is presented by bigger up to 200 µm 
well-shaped sub- to euhedral isolated single crys-
tals disseminated in the matrix of the hydrothermal 
breccia (Fig. 1A, B, C) and/or alongside the veins 
of Py2 (Fig. 1E). The conducted analyses reveal that 
Py1 is comparatively poor in Ag, As, Sb and Tl, all 
of them referred as an associated pathfinder suite of 
gold anomalies at other prospects in the region. Py2 
is observed as semi-massive porous nests, veinlets, 
clasts and matrix replacements of fine-grained ac-
cumulations (Fig.  1G, H, I). Commonly, anhedral 

grains are surrounded by quartz mass in association 
with calcite and fine-crystalline adularia. Marcasite 
and sphalerite are scarce constituents in this asso-
ciation. Occasionally, pyrite aggregates entirely re-
place bladed calcite crystals forming typical pseu-
domorphs after the original calcite blades. Distinc-
tive oscillatory growth zoning in Py2 is observed in 
BSE, where As notably increases from core to the 
periphery of the crystal (Fig. 1F). The average con-
tent of As is approximately 4.1%, where the highest 
value reaches 6.8%, observed as a light-grey rim. 
Generally, Py2, whose might be classified as As-

Fig. 2. X-Y diagrams, showing the correlation between Au and As, Ag, Sb, Tl, Zn, Pb for the Py2 generation
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bearing pyrite, is comparatively enriched in trace el-
ements. The highest amount of Ag is up to 394 ppm, 
Sb approximately reaches up to 3–4%, Tl incorpo-
ration is up to 575 ppm, Pb and Zn up to 730 ppm 
and 356 ppm, respectively.

Correlations between gold and selected indica-
tive trace elements in Py2 are displayed in Figure 
2. In general, most of the analyzed elements, e.g. 
As, Ag, Sb, Tl, Zn and Pb have positive correlation 
with Au in the studied pyrite. On the first diagram 
(Fig. 2A), showing the Au/As ratio, it is well illus-
trated that all of the highest values of gold are re-
lated with the As-bearing pyrite. Correlation of gold 
with silver (Fig. 2B), antimony (Fig. 2C) and tha-
lium (Fig. 2D) reveals two distinct anomaly areas. 
In the first area, low content of gold corresponds to 
low values of Ag, Sb, Tl while in the second, high 
gold content meets the increased values of the three 
targeted elements. The same positive correlation is 
also characteristic for Zn (Fig. 2E) and Pb (Fig. 2F) 
even though the content of both elements together 
with Au incorporation is low.

Concluding remarks
In the area of the Kandilka prospect, quartz-pyrite 
veins and hydrothermal breccia spots developed in 
both sedimentary rocks of the Shavar Formation and 
the underlying high-grade metamorphic basement of 
the Krumovitsa Lithotectonic Unit are established. 
According to the hydrothermal mineral association 
(e.g., quartz, carbonates, adularia, pyrite, marcasite) 
and textural peculiarity (e.g., bladed calcite relics, 
colloform pyrite aggregates) the Kandilka prospect 

could be referred to an epithermal low-sulfidation 
type of mineralization. Two generations of pyrite 
(Py1 and Py2) are distinguished by occurrence and 
chemical properties. The second one (Py2) pre-
sented by As-bearing pyrite is enriched in trace ele-
ments including Au. The area of Kandilka prospect 
is promising to be a host for gold mineralization. 
As-bearing pyrite has anomalous content of path-
finder element suite and could be concerned as an 
ore mineral of this prospect. The results are part of 
an ongoing research with planned continuation of 
sampling and analytical study.
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