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Abstract: This paper presents LA-ICP-MS data for garnets from the Rudnik skarn deposit (Serbia), which range from
Grsys_s3Adry, soAlm, 5 in the core and Adr,_o;Grs, »oSps, in the rim displaying anisotropy and zoning. In spite of wide
compositional variations the garnets near the end-member of andradite (Adr>90) are generally isotropic. Fe-rich rims
exhibit LREE depletion and flat HREE pattern with weak negative Eu anomaly, including higher As and W contents.
On the other side, the Fe-poorer core shows flat REE pattern without any significant enrichment or depletion of REE,
except higher amounts of trace elements, such as U, Th and Zr. Presence of sulphide minerals indicates reduction
conditions and Eu divalent state. Different REE behaviour is conditioned by Eu?* in reduction conditions. The observed
variations in optical features and garnet chemistry are the results of their two-stage evolution. The first stage and period
of garnet growth is probably buffered by mineral dissolution and reactions in the country rock. The second stage is
related to hydrothermal activity when W and Fe were brought into the system probably by a boiling process in
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the volcanic event in the late Oligocene 23.9 Ma.
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Introduction

Study of the composition of common skarn minerals and
the possibility to be helpful in prospecting of skarn deposits
has a brief history. One of the earliest attempts was made by
Nakano et al. (1991) who studied the composition of pyro-
xenes. Afterwards, several attempts were made for garnet.
Despite their highly variable composition due to a number of
substitutions that may take place in the structure, garnet beco-
mes a suitable geochemical tracer. Such application is suppor-
ted by its common presence in skarn deposits and its high
physical and chemical stability during weathering. Additio-
nally, this mineral is easy recognizable under the microscope,
and quite often macroscopically, as well. The discovery that
the andradite-rich garnets contain more Cu than grossular-rich
opened a question: whether garnet chemistry could be used
as a guide in prospecting Cu-skarn deposits (Somarin 2004)?
Use of the rare earth elements (REE) in studies of the nature
and effects of hydrothermal alterations and hydrothermal sys-
tems is a relatively new method as the REE were commonly
regarded as insensitive to all, except to the hydrothermal pro-
cesses (Gaspar et al. 2008).

Although the grossular—andradite (grandite) garnets are
the commonest in skarn deposits, several studies concerning
the composition of REE in garnets are available up to date
(e.g. Jamtveit & Hervig 1994; Nicolescu et al. 1998; Smith et
al. 2004; Gaspar et al. 2008; Zhai et al. 2014; Park et al. 2017;
Xiao et al. 2018).
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Zonation patterns of skarn garnets as indicator of changes
in hydrothermal systems during garnet growth have been dis-
cussed by several researchers (e.g. Jamtveit et al. 1993, 1995;
Pollok et al. 2001). Oscillatory zoning in skarn minerals,
particularly in grandite garnets are common in shallow contact
metamorphic aureole (Smith et al. 2004).

To the best of our knowledge, only two optically anisotropic
and oscillatory zoned grandite samples from Serbia have
been characterized in more or less detail: Tanci¢ et al. (2012)
studied macroscopically visible zoned Grssg ¢4Adrsg 4,Sps,
sample from Meka Presedla (Kopaonik Mt.) with optical micro-
scopy, electron microprobe analysis (EMPA), and FT-IR and
Raman methods. It is entirely slightly anisotropic and without
presence of isotropic areas, which was primarily caused by its
non-cubic structural dissymmetrization (Tanci¢ et al. 2020).
Sreckovi¢-Batocanin et al. (2014) studied two Adrs;_o7;Grs; 47
Spsy_, and Adr;g_;50Grsy_1oSps,_; samples from Rogozna Mt.
In addition, the behaviour of REE in grandites from the same
locality was studied by Mladenovic et al. (2018).

This study presents the results of investigations of zoning
grandite patterns in skarn samples SN-310 from the borehole
coordinates (44.125887°N, 20.507926°E), applying optical
microscopy, EMPA and LA-ICP-MS methods, with the aim of
constraining hydrothermal system evolution. The observed
trend of the REE in garnet is useful for understanding the
mechanisms for incorporation of trace elements and REE into
garnets and highlighted the evolution of the hydrothermal sys-
tem. Zircon dating was done on Q-latitic dyke from a borehole
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(sample SN-330). Second zircon dating was done on a shallow
volcanic body on the north-west of Rudnik (sample SN-313,
coordinates: 44.165312°N, 20.476853°E). These two types of
volcanic bodies are dated using zircon to obtain U-Pb ages
and link between volcanism and metamorphism, temporally as
well as spatially in the Rudnik area.

Geological setting

The studied area is located in Serbia ~80 km south of
Belgrade on the central axis of the Sava Zone that is inter-
preted as a suture of the final closure of the northern Neotethys
branch (Schmid et al. 2008). The Mesozoic geology of
the central Balkan Peninsula reflects the evolution of
the Vardar branch of the Neotethys in several episodes, inclu-
ding Permian—Triassic opening, Late Jurassic ophiolite
obduction, Cretaceous subduction and Cenozoic post-colli-
sional orogenic development (see Schmid et al. 2008;
Cvetkovi¢ et al. 2016; Prelevi¢ et al. 2017). The Sava Zone
(suture zone) separates the Carpatho—Balkan orogen (a part of
the Dacia Mega-unit and Tisza), from the southerly and wes-
terly Adria derived thrust sheets, namely the Dinarides (Pami¢
& Sparica 1983; Haas & Péro 2004). Trending NNE from
Belgrade the Sava Zone is mostly represented by Late
Cretaceous flysch.

In the adjacent region, Cenozoic orogenic post-collisional
processes were caused by NW movement of Adria derived
units. Geotectonic regimes were successively changed over time
from generally compressive to strike-slip or completely exten-
sional tectonic style (Cvetkovi¢ et al. 2016). This extension
was linked to Miocene back-arc formation in the Pannonian

basin (Horvath et al. 2006; Ustaszewski et al. 2010). The exten-
sion induces gravitational instability of the Dinaride orogen
with ruptures, which have reached the bottom of the lithosphere
triggering the melting of the upper lithosphere, previously
metasomatized by crustal material (Cvetkovic et al. 2004, 2014;
Prelevi¢ et al. 2005). This trigger produced volcanic activity
with elevated potassium content in the Miocene, in some parts
of the Adria—Europe suture zone (Prelevi¢ et al. 2005).

The Cretaceous sediments in the vicinity of Rudnik Mt.
(Fig 1.) were described as clastic “paraflysch” (Andelkovié¢
1973; Dimitrijevi¢ & Dimitrijevi¢ 2009) as these sediments
resemble typical flysch but lack characteristic internal orga-
nization. The Lower Cretaceous includes shales, mudstones,
sandstones and limestones which sometimes look like imma-
ture turbidites (Dimitrijevi¢c & Dimitrijevi¢ 1987, 2009;
Sladi¢-Trifunovié¢ et al. 1989). Going upwards in the strati-
graphic scheme, Lower Cretaceous sediments are replaced
with shallow water reef limestones and clastics. The Upper
Cretaceous succession starts with Albian-Cenomanian con-
glomerates, microconglomerates, sandstones, carbonates, and
continental shales (Brkovi¢ 1980). Numerous volcanic bodies,
referred to as quartzlatitic stocks and dykes, crosscut through
Cretaceous carbonate—sandstone—shale sequences developing
local contact metamorphic aureoles. So far, evidence of a plu-
tonic body has not been confirmed. Borehole data show that
Cretaceous sediments are in tectonic contact with peridotites
(harzburgites) in the footwall, which are exposed in Stragari
locality on the east side of Rudnik Mt. In the contact zone
metamorphic rocks are often represented by hornfels and
skarns which host polymetallic Pb—Zn mineralization. The ore
bodies are predominantly composed of pyrrhotite, galenite,
sphalerite, chalcopyrite and arsenopyrite (Stojanovic¢ et al.
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Fig. 1. a— Simplified geological map of Rudnik area modified according to the Basic geological Map 1:100,000, Sheets Kragujevac (Brkovi¢
et al. 1980) and Gornji Milanovac (Filipovi¢ et al. 1978); b — Exact position of investigated area within Serbia.
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2018). A small amount of magnetite, cassiterite and scheelite
can be found only locally (Stojanovi¢ et al. 2018). Within
the south part of the Rudnik skarn deposit, lateral zoning in
contact aureole is weakly displayed and closely related to
the protolith. It is represented by quartz, epidote, zoisite, chlo-
rite, calcite, and minerals from the actinolite—tremolite group,
while in more skarnized zones garnets and pyroxenes occur.
Miocene sediments (conglomerates, sandstones, and clays)
cover only a small area to the NW and SE of Rudnik. Miocene
sedimentary rocks show metamorphic alteration only in the
zones of direct contact with volcanic rocks.

Analytical methods

Major elements were obtained by EMPA using a JEOL
6610 LV electron microprobe equipped with wavelength-
dispersive spectrometer (Oxford Instruments Wave 700) at
the University of Belgrade, Faculty of Mining and Geology.
Conditions for microanalysis were spot size 2 um, an accele-
rating voltage of 30 kV and a beam current of 10 nA, using
natural and synthetic mineral standards including albite (Al,
Si), wollastonite (Ca), titanium monoxide (Ti), chromium oxide
(Cr), and manganese (Mn) and iron (Fe) metal. Backscattered
(BSE) images were used to reveal zoning and possibly inclu-
sions of another mineral phase within the garnet and zircon
crystals. Cathodoluminescence (CL) imaging was obtained
for identifying inherited cores, cracks and inclusions inside
zircon grain.

U-Pb in-situ zircon dating and trace elements analyses of
garnet were performed at the LA-ICP-MS laboratory of
Geological Institute in Sofia, using New Wave UP193FX LA
coupled to Perkin Elmer ICP-MS. Laser parameters were
tuned at ablation crater of 35 pm for dating, and 50 pm for
tracing. The ablation frequency was 8 Hz. Measurements were
calibrated with GJ1 zircon standard (Jackson et al. 2004) as
external standard for fractionation correction, and 91500
standard zircons (Wiedenbeck et al. 1995) were used as
unknown to correct systematic error. Reference material
NIST610 was used as standard material for trace elements.
Data reduction was processed through Iolite software v2.5
(Paton et al. 2011), applying down-hole fractionation correc-
tion to all the analyses. Zircon age diagram plots and concor-
dia ages were obtained using Isoplot 3.75 application (Ludwig
2013).

Results
Petrography of Rudnik orefield skarn

Garnet skarns are subsidiary in the contact-metamorphic
aureole around the Rudnik orefield. The analysed sample
SN-310 was collected from the borehole at the 289 m depth.
The units discovered by the borehole start with coarse-grained
conglomerate containing fragments/clasts from quartzite, chert

and altered peridotites. These rocks are, as a rule, followed by
alternated microconglomerates and sandstones. The sand-
stones continue downward through limestones with more or
less terrigenous component. The carbonate unit is not of con-
stant thickness in respect to the clastic ones, which are closer
to the surface. Marlstones, almost pure limestones and transi-
tional varieties were recognized within the carbonate unit,
depending on the amount of clastic component. Carbonate
rocks alternate with fine-grained rocks considered hornfelses.
All these units display contact metamorphic alteration from
metaconglomerate and metasandstones to skarns. The excep-
tion is at their contacts with peridotites in the footwall where
only slightly recrystallized calcite could be noticed. Skarns
occur as small-scale bodies up to a few metres thick. Their
texture is either granoblastic or nematoblastic, and structure
is massive, rarely banded. The selected sample for detailed
analyses contains calcite+garnet+epidote+chlorite+quartz
(Fig. 2). Garnets throughout the overall skarn zone tend to
form euhedral crystals and usually contain epidote and opaque
minerals as inclusions. They are optically zoned, having
anisotropic core and isotropic rim. Recrystallized calcite with
rare epidote grains, was matrix in the protolith rock. Epidote
grains are optically zoned and anhedral. Chlorite often appears
in radial forms and displays Berlin blue interference colours.
The last constituent, quartz, is a terrigenous component and is
mixed with calcite.

U—-Pb dating on zircons

Zircons were taken from two separate volcanic bodies.
The first sample SN-313 comes from the borehole in the shal-
low massive quartz latite intrusion north-west from Rudnik
Mt. Another sample, SN-330, was taken from a quartzlatitic
sill/dyke about 25 m thick, which has also been accessed by
borehole. These quartz latites cut Upper Cretaceous sediments
that have been metamorphosed into skarns and hornfels in
the vicinity of Rudnik village (Fig. 1). The results for both
samples point to crystallization ages at 23.9 Ma on the U-Pb
Concordia diagrams (Fig. 3). No inherited cores were found in
zircons from the two samples.

Zonation and garnet chemistry

Rudnik garnet shows the zoning pattern which can be
described primarily as inhomogeneous garnet core with zoned
rim. This indicates significant changes in garnet chemistry,
which can be observed in polarized light under microscope as
well as in BSE images using scanning electron microscopy
(Figs. 2, 4). The darker zones in BSE images are richer in Al
while lighter zones are of a higher Fe content (Table 1). FeO
obtained by EPMA was converted to FeO+Fe,0; by assuming
that deficiency of Ti+Al+Cr for the octahedral M site is made
up by Fe".

According to obtained results the studied garnets from
the Rudnik orefield are predominantly grossular—andradite
solid solutions being roughly Grs,s sgAdry, s,Alm,_ 5 (grain 1:
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Fig. 3. Obtained age for shallow volcanic body (SN-313) and dyke (SN-330) are shown on U-Pb concordia diagrams.

(Cay 940F €™, 051MN 000)3.000 (Al 195F >0 502CT0.000 Tio.000)2.000
(Siz.001Alp000)3.000 and grain 2: (Caz.e00Fe™ 001 M 000)3.000
(Alg.o61Fe* 1 035CT0.001 Ti0.000)2.000(Si3.012A10.000)3.012) in the core
and Adryg 47Grs; 50)Sps; (grain 1: (Cayg91Fe*,000Mng015)s.000
(Al sssFe’ 1 363CT0.000Tio.041)1.991 (S2.062A10.038)3.000 and grain 2:
(Cay 965F e 0.011M1 021)3.000 (Al 060F > "1 026CT0.002 Tio.012)2.000
(Si3 015A1g.000)3.015) in the rim, with small amounts of alman-
dine (core), and spessartine (rim) components. Calcium content
is uniform and stable in the core and rim, although the core
contains small inclusions of epidote, quartz and rarely spha-
lerite. Andradite-rich zone (rim) displays increased Mn and Ti
content in comparison with the grossular-rich phase (core)
where these elements are below the detection limit (Table 1).
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The Fe component is significant in the rim approaching almost
pure andradite (up to 96.9 %) with minor amounts of grossu-
lar, almandine and spessartine components.

REE and trace elements

The REE patterns of the studied skarn garnets are norma-
lized to the chondrite value of McDonough & Sun (1995) and
shown in Fig. 5. Y being a pseudolanthanide was included and
plotted between Dy and Ho. Different zones during garnet
growth display specific REE variations between different
BSE coefficients in garnet grain. Fe-richer rim zone (BSE
light zone, Fig. 4) exhibits LREE depletion (La, Ce, Pr and
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Fig. 4. BSE image of garnet grains with positions analyzed of EMPA
and LA-ICP-MS methods.

Nd) and flat HREE pattern, with Sm maximum and Eu nega-
tive anomaly. On the other hand, Fe-poorer core zone (BSE
dark zone, Fig. 4) shows a flat REE pattern without any signi-
ficant enrichment or depletion. Studied garnet zones also show
As, W, U, Th and Zr correlations. To be more specific, higher
As and W enrichments (up to almost 12 times for both ele-
ments) strongly correlate with andradite-rich zone (rim),
whereas U, Th, and Zr shows higher values (up to about 27
times for Th) in grossular-rich zone (core). The maximum
value of U and Th is 3 ppm (Table 1).

Discussion
Analysing mineral zonation is a hard and challenging task

due to the dimensions of the analysis pit to the relative scale of
zonation and the angle of zonation margin to the imaged

Table 1: Representative LA-ICP-MS analyses of major elements in garnet SN-310 from studied skarns (in wt. % oxides (EMPA), rounded to
second decimal place), structural formula, calculated end members (in mol. %) and measured trace elements (in ppm).

SN-310
Grain 1 Grain 2

c. 1 r.1 c.2 r.2
CaO 35.61 34.51 33.98 34.06
MnO n.d. 0.26 n.d. 0.31
FeO 13.20 20.14 16.91 28.48
AlLO; 13.25 6.56 10.08 0.47
SiO, 38.70 36.62 37.70 37.08
TiO, n.d. 0.67 n.d. 0.20
Cr,04 n.d. n.d. 0.01 0.03
Total 100.76 98.76 98.68 100.63
n.d. — not detected
Garnet formula calculated on the basis of 12 oxygen atoms per formula unit (apfu)
Si 2.991 2.962 3.012 3.015
Al 0.009 0.038 0.000 0.000
Sum 3.000 3.000 3.012 3.015
Al 1.198 0.588 0.961 0.060
Ti 0.000 0.041 0.000 0.012
Fe¥* 0.802 1.363 1.038 1.926
Cr 0.000 0.000 0.001 0.002
Sum 2.0009 1.992038 2.000 2.000
Fe?* 0.051 0.000 0.091 0.011
Mn 0.000 0.018 0.000 0.021
Ca 2.949 2.991 2.909 2.968
Sum 3.000 3.009 3.00012 3.00028
End members
Pyrope 0.0 0.0 0.0 0.0
Almandine 1.7 0.0 3.0 0.4
Spessartine 0.0 0.6 0.0 0.7
Grossular 58.2 28.9 45.0 1.9
Andradite 40.1 70.5 51.9 96.9
Uvarovite 0.0 0.0 0.0 0.1
Total 100.0 100.0 99.9 100.0
Trace elements (LA-ICP-MS)
As 6.8+0.92 78.3£1.80 8.3+1.04 56.9+1.22
w 35.1+0.69 408+0.45 41.7+£0.35 388+0.43
U 2.43+0.04 0.216+0.03 3.04+0.08 0.205+0.06
Th 3.01+0.05 0.110+0.05 2.72+0.02 0.178+0.06
Zr 119.8+1.37 13.2+1.33 117.241.30 11.84+0.62
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Fig. 5. REE pattern normalized to chondrite (McDonough & Sun 1995) of Fe-rich (A) vs. Fe-poor (B) zone.

surface (Smith et al. 2004). Fine zonation and heterogeneity
could be resolved by choosing homogeneous domains within
garnets and concentrating on large oscillatory zones, respec-
tively.

The studied garnets have grown in a typical skarn rock, rich
in ore minerals. Major and trace element zonal distributions
reflect primarily the compositional heterogeneity of the proto-
lith, changes in fluid composition during garnet growth, as
well as, reactions controlled by fluid pathways. Zoned garnets
with Al-rich cores and Fe-rich rims are the commonest in
skarn systems, due to the tendency of early prograde garnets to
be Al-enriched and retrograde in the first stage or later garnets
to be Fe-enriched in the second stage (Einaudi et al. 1981;
Nakano et al. 1991; Meinert 1992; Meinert et al. 1997). This
phenomenon can be interpreted as a result of physicochemical
changes in hydrothermal solutions during garnet growth.

Stowell et al. (1996) notice that first stage of garnet growth
can be interpreted by diffusion in the local environment
produced by metasomatism or change in temperature and
pressure conditions. However, the small contact-metamorphic
aureole, like that on Rudnik Mt. does not display any physical
evidence for major variation and does not testify to large
changes of pressure and temperature. In fact, garnet has kept
growing since the initial first stage by infiltration of external
hydrothermal fluids into the system. The pulse of magmatic-
derived hydrothermal fluids has caused chemical overstepping
of the previous garnet formed in equilibrium, leading to dis-
continuity in garnet composition.

The full process of partitioning major and trace elements
between fluids and growing minerals involves removal of
elements from the fluid, sorption onto a growing surface,
incorporation via substitution mechanism, diffusion through
the surface layer (McIntire 1963; Smith et al. 2004). Partitio-
ning controlled by bulk crystal chemistry would be expected
to occur during slow crystal growth, with the fluid chemistry
buffered by the pre-existing local mineral/rock assemblage
(Smith et al. 2004). Oscillatory zoning in garnets is interpreted
as an early retrograde shock-induced feature related to high
fluid pressure or as a result of externally induced local strain
(e.g. Jamtveit et al. 1993; Ciobanu & Cook 2004). Further,
according to Yardley et al. (1991), fluid flow through open
systems produces oscillatory zoned garnets. Additionally,

GEOLOGICA CARPATHICA, 2021, 72, 1, 17-25

anisotropic garnets widely range in composition whereas the
garnets near the end-member of andradite (Adr>90) are gene-
rally isotropic.

Trace elements such as Ti and Zr can provide information
on petrological reactions and interpretations (Hickmott &
Spear 1992). According to these authors, the higher Y can
reflect reactions involving epidote, while elevated Ti can
reflect reactions involving titanite (or ilmenite—rutile). Addi-
tionally, authors concluded that Y and Zr in garnet should
follow Ca concentrations if the reaction for garnet growth
involves epidote mineral consumption.

Thus, the sharp decrease of grossular component from core
to rim in garnet SN-310 could reflect epidote consumption
from the mineral assemblage. Stable Ca concentration values
in Fe-rich and Fe-poor garnet zones involve another reaction
where hydrothermal fluids were Fe carriers. The Fe content in
skarn-forming fluids is closely related to their total salinity
(Kwak et al. 1986).

Experimentally proven (Bau 1991), garnets in skarns which
exhibit LREE depletion with negative or absent Eu anomaly,
generally originate from the influence of neutral hydrothermal
fluids. Following Gaspar et al. (2008) Al-rich garnets, which
are anisotropic and twinned, form by prolonged interaction of
pore fluids with the host rock, leading to a system buffered by
the rock composition. They are commonly LREE depleted and
HREE enriched, displaying weak positive or negative Eu
anomalies. On the contrary, isotropic Fe-rich garnets that
are LREE enriched and HREE depleted with strong positive
Eu anomaly form by rapid growth from magmatic derived
fluids.

The studied garnets from Rudnik coincide with the above
described optical properties but their REE pattern is quite
different. The Al-rich core displays flat REE pattern, whereas
the Fe-rich rim is LREE depleted. Both zones display very
weakly Eu negative anomaly. This could be a result of the Eu
divalent state under reduced conditions which influences
the behaviour of REEs (Gaspar et al. 2008). Prevailing of
sulphide minerals, particularly pyrrhotite over magnetite at
Rudnik (Stojanovi¢ et al. 2018) indicates reduced conditions
where Eu should be present as Eu?".

Generally, hydrothermal fluids have a close relationship
with boiling processes in the last phase of pluton
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crystallization. According to Cvetkovi¢ et al. (2016), the
Rudnik ore field experienced magma mixing which accele-
rated the boiling process and provided conditions for strong
hydrothermal activity. Boiling processes generally increase
oxidation of remaining hydrothermal liquid. Oxidation rapidly
increases the ops+/043+ ratio in the fluids and this corresponds
to andradite precipitation on garnet rims (Jamtveit et al. 1993).
As andradite concentration is almost pure in the rim, this can
indicate the presence of a massive pulse of hydrothermal fluid,
probably caused by the boiling process proposed formerly by
Cvetkovi¢ et al. (2016).

Further, Fe-rich garnets grow rapidly by advective metaso-
matism, at higher water/rock ratios (W/R), from magmatic-
derived fluids, while Al-rich garnets are formed by diffusive
metasomatism, at low W/R ratio, from host rock buffered
metasomatic fluids (Gaspar et al. 2008). Significant presence
of W suggests hydrothermal fluids derived from granitic
pluton (Keppler & Wiyllie 1991). Such evidence has been
recorded in a Fe-rich garnet zone and could indicate magmatic
derived fluids responsible for andradite rim.

The magmatic origin of sulphur was already previously
confirmed by the uniform values of isotope analyses obtained
for various sulphide minerals in the Rudnik skarn deposit:
0S34=+3.14+0.3 %o for sphalerite, +3.0 %o for pyrrhotite, and
+3.340.6 %o for chalcopyrite (see Stojanovi¢ et al. 2018).
Colloform bands composed of pyrite, pyrrhotite and siderite
(Stojanovi¢ et al. 2018) can be attributed to hydrothermal
pulse with magmatic origin interpretation.

Conclusion

In the polymetallic Pb—Zn Rudnik deposit, we conclude
that:

* Rudnik skarns and hornfelses formed by contact-metamor-
phism of carbonate rocks, clastic rocks and shales during
volcanic event that took place in the late Oligocene;

* The studied garnets from the Rudnik orefield show that in
the first stage during garnet slow growth concentrations of
REE were stable and probably buffered by mineral disso-
lution and reaction in the country rock. During the second
stage and andradite-rich phase growth, which has been
initiated by boiling process, the fluid composition was
extremely controlled by the oxidation state, W/R ratio and
salinity of solution;

* Garnets from Rudnik skarns widely range in composition
whereas the garnets near the end-member of andradite
(Adr>90) are generally isotropic.

* A large amount of sulphur minerals indicates reduced condi-
tions and Eu divalent state that led to different behaviour of
REEs;

* Hydrothermal fluids from the second stage could indicate
magmatic origin of fluids, considering elevated W concen-
trations in the andradite garnet rim combined with sulphur
isotopes in sulphide minerals;

* This study has not found either older or younger volcanic
rocks than 23.9 Ma, in accordance with the results obtained
by Cvetkovi¢ et al. (2016).
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