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Abstract. This study presents new findings on K-feldspathization in the Upper Cretaceous volcanic rocks of the
Breznik paleovolcano, particulary in the eastern and central areas of the deposit Milin Kamak deposit. The zones of
K-feldspathization are identified within propylitic altered andesites and andesite breccias. Notably, the spatial position
of these zones aligns with later near-faults developed sericite, argillic, and advanced argillic alterations. Our results
indicate the presence of atypical K-feldspathization at depth, characterized by a lack of the typical for potassic altera-
tion mineral assemblage. These results suggest the potential for a copper porphyry-type deposit at depth, supporting

the hypotheses proposed by previous researchers.
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Introduction

The Milin Kamak deposit area is located in the west-
ern part of the Srednogorie Zone, which is part of the
Late Cretaceous Apuseni—Banat—Timok—Srednogo-
rie (ABTS) magmatic and metallogenic belt (Popov
et al., 2002). This deposit is defined as an interme-
diate-sulfidation epithermal gold-silver type (Sabeva
et al., 2017). Numerous studies on the petrology and
hydrothermal alteration of the area’s rocks have been
conducted, with the data being regularly updated
over time (Velinov, 2007; Velev, 2012; Hikov et al.,
2017; Sabeva, 2017). A review of these studies re-
veals no significant differences among researchers
regarding genetic models or the spatial distribution
of hydrothermal alteration zones.

The surface area of the Milin Kamak deposit
is characterized by a zone of areal hydrothermal
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alterations, represented primarily by propylitic,
sericitic, argillic, and advanced argillic types, which
are predominantly developed in the volcanic rocks
of the Breznik paleovolcano. The deposit area has
been structurally well-studied (Marinov et al., 2019;
Strahilov et al., 2022).

During the exploration of the deposit, extensive
information on hydrothermal alterations at depth
was gathered. This paper aims to present new data
from drill samples, focusing on a registered altera-
tion process, namely K-feldspathization, observed
at the deeper levels of the deposit.

Geological setting

The Milin Kamak deposit is located south of the
town of Breznik on Burdoto Hill, within the rocks
of the Breznik paleovolcano. This paleovolcano
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forms the southwestern and northeastern limbs of
the Krasava syncline and the Campanian Upper vol-
cano-sedimentary Unit (see Dabovski et al., 2009).
The paleovolcano consists primarily of pyroclastics
(lapilli-tuff), insignificant presence of lava flows,
and dykes of amphibole andesites, trachy-andesites
(latites), trachy-basaltic andesites, and basalts
which have undergone extensive hydrothermal al-
teration. To the northwest, moving away from the
volcano center, the coarse pyroclastics pass into ash
tuffs, which in the most distant peripheral areas are
replaced by an alternation of fine-grained tuffs, tuf-
fites and sedimentary rocks.

The deposit area is marked on the surface by
a zone of areal hydrothermal alteration. Tectonic
zones trending northeast and subequatorial played
a significant role in the formation of various types
of hydrothermal alterations (Fig. 1A, unpublished
data). The most prevalent type of alteration is pro-
pylitic, with a dominant mineral assemblage of
chlorite and carbonate, along with less common
and unevenly distributed epidote, albite, quartz, and
actinolite. Within the propylitic zones, linear argil-
lic alteration zones are also present, characterized
by mineral assemblages of hydromica, kaolinite,
montmorillonite, and quartz in varying proportions.
The argillic metasomatites display a zonal structure,
with advanced argillic alteration in the central part
of the deposit, featuring mineral associations of al-
unite-quartz and kaolinite-alunite. The later stage of
epithermal hydrothermal alteration along the faults
is presented by quartz-sericite zones with carbon-
ate and ore mineralization (Crummy et al., 2001).
The observed hydrothermal alterations are intensive
and along with exogenic ones near the surface com-
pletely obliterate the primary minerals and struc-
tures of the rocks.

Materials and analytical methods

Macrophotos of the material were taken with Olym-
pus 5060 camera at daylight. Microphotos and pet-
rographic studies of thin sections were performed
on NIKON Eclipse LV100ND.

XRD patterns were recorded with D8 Advance,
Buker diffractometer, using Co Ka radiation on ver-
tical ®/0 goniometer, and a step size of 0.04 (20)
at 35 kV u 40 mA. Diffracplus EVA software using
ICDD PDEF-2 crystallographic database was applied
for the structural data and semi-quantitative phase
analysis.

Scanning Electron Microscope (SEM) fitted
with Energy Dispersive Spectrometer (EDS) per-
formed the SEM investigations and chemical analy-
sis of the samples in the Laboratory of SEM analy-
ses, Faculty of Geology in the UMG St. Ivan Rilski.
Apparatus JEOL — model JISM-6010PLUS/LA with
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a 20 kV accelerating voltage, spot size 70 nm and
EDS detector with resolution over 129 eV MnKa
were used.

Implicit and explicit modelling was used to
determine the three-dimensional spatial distribu-
tion of the K-feldspathization. A total of 36,615
samples from 400 drill holes and 15 trenches were
analyzed. This data was provided by Breznik Min-
erals LTD.

Results and discussions

The core samples collected from the drilling pro-
gram by Breznik Ltd. consist of basalts, pyroxene an-
desites, trachy-andesites (latites), pyroclastic rocks
(lapilli-tuffs), as well as hydrothermally altered
rocks with varying intensity of propylite, argillic,
advanced argillic and sericite alteration types. In the
studied rock samples from the central and eastern
parts of the deposit, a process of K-feldspathization
was recorded (Fig. 1B). This alteration is developed
in propylitic altered andesites and andesite breccias
(flow breccia) with higher intensity in the matrix
and peripheral areas of rock fragments within the
lava. The process is marked by intense K-feldspar
impregnation in the groundmass of fragments, in the
matrix of the breccias, as well as pseudomorphosis
on the primary phenocrysts. The andesite-breccia,
exhibiting pronounced K-feldspathization, consists
of grey-green to pale pink angular to well-rounded
rock clasts (fragments) ranging in size from 0.5 to
5.0 cm, often displaying zonal colouration (Fig. 1C,
D).The intersticial space (matrix) is usually dark
grey to pale pink. A large amount of disseminated,
massive and lenticular sulphide (mainly pyrite)
mineralization is observed in these rocks. The relict
texture of the rocks is porphyry, in the groundmass
— microdoleritic and hyalopilitic. The mineral com-
position is represented by primary — plagioclase and
shapes of mafic minerals. Plagioclase phenocrysts
are ubiquitously de-anorthosized to albite in places,
and replaced by hydrothermal quartz, with or with-
out sericite, epidote and carbonate. Complete pseu-
domorphosis of K-feldspar plagioclase phenocrysts
is observed in individual samples (Fig. 1E, F). Only
shapes of the mafic minerals are found that are
filled by carbonate, chlorite, epidote and quartz and
an increased presence of aggregates of ore miner-
als. The groundmass is composed of the minerals of
the hydrothermal association represented by small-
crystalline aggregates of quartz, K-feldspar, some
sericite, chlorite, clay minerals, dusty ore minerals,
and carbonate (Fig. 1F, G). The matrix in andesite
flow breccias shows the same texture features and
mineral composition as rock fragments. The mineral
composition of these altered rocks is registered, also
by XRD powder diffraction (Fig. 1H). The analysis
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Fig. 1. 4) geological map of Milin Kamak deposit; B) photoimage of the core samples with registered process of K-feldshpathi-
zation; C, D) macrophotoimages of the studied andesite breccia; £, F)) microphotoimages of rocks affected by K-feldspathization;
G) SEM BSE image of hydrothermally altered sample including results of point analysis of K-feldspar; H) Results of powder XRD
analysis of representative sample. /.7) structural map of eastern part of the ore zones 1, 2 and 3 of the deposit; /.2) stereographic
projection of the main faults. Abb.: K-fs, K-feldspar; Propylite, andesite fragments with prolylitic alteration; Qz, quartz; Ad, adu-

laria; Carb, carbonate.

of diffraction lines of the K-feldspar (the single re-
flex of 131 (d,;; = 2.989 / 29.2 °20@)) presented in
these altered rocks indicates that a high-temperature
orthoclase represents it.

The rocks are intersected by a network of car-
bonate veinlets, some of which contain quartz and

epidote and are enriched in ore minerals (mainly
pyrite). The pyrite is also presented as finely dis-
persed, segregated into aggregates to massive. The
open fractures and caverns between rock fragments
in flow breccia are filled by late veinlets of adularia,
quartz, chalcedony, Mn-carbonate (Fig. 1D).
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To determine the spatial relationships of K-
feldspathization, a three-dimensional spatial anal-
ysis was conducted. In plan view, the K-feldspathi-
zation exhibits a distinct NE-SW trend (Fig. 111),
aligning with faults oriented in the same direction
(Fig. 112). A key characteristic of these faults is
their ore-bearing potential. In contrast, faults with
a NW-SE orientation show no evidence of hydro-
thermal alteration (Fig. 113). The limited spatial
distribution of K-feldspathization is likely due to
later-stage hydrothermal alteration. South of Zone
1, the alteration has been completely reworked by
the later-developed ore zones 2, 3, and 6. Another
notable spatial pattern is that K-feldspathization
occurs exclusively in the eastern and central areas
of the deposit, aligning entirely with the mineral
distribution of the deposit. Higher-temperature
mineral associations, primarily related to Au, are
found in these eastern and central regions, whereas
low-temperature mineral associations associated
with Pb and Zn are concentrated in the deposit’s
western area. This distribution suggests that K-
feldspathization is located near the primary source
of hydrothermal solutions. The results of this study
reveal the presence of atypical K-feldspathization
at depth, characterized by the absence of the typi-
cal for potassic alteration mineral assemblage.
These findings strongly suggest the possible pres-
ence of a copper porphyry-type deposit at depth,
as previously proposed by some researchers (e.g.,
Moritz et al., 2007, and others).
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