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The Ni—Cu—(PGE) mineralization at Rozany is located in the northern part of the Bohemian Massif and it is hosted by
gabbroic dykes (dolerites) cross-cutting the granitic Lusatian Granitoid Complex. The intrusion of dolerite is newly well
constrained by in-situ LA-ICP-MS U-Pb zircon age of 349 + 3 Ma (2c), which is much younger than previous K-Ar and
Pb—Pb data. The barren dolerites are characterized by high enrichments of some incompatible elements (e.g., LREE, Zr,
Sr) and radiogenic Os isotopic composition suggesting their derivation from enriched (metasomatized) mantle source,
possibly due to subduction processes. The mineralization itself is represented by pyrrhotite, chalcopyrite and pentlandite;
the latter is commonly replaced by violarite most likely due to late-stage hydrothermal alteration. The origin and forma-
tion of at least some platinum-group minerals was probably closely associated with late-stage hydrothermal processes,
causing remobilization of platinum-group elements from the primary base-metal sulphides. The Ni-rich ores exhibit the
highest [-PGE (Os, Ir, Ru) concentrations whereas Pd and Pt tend to be enriched in Cu-rich ores. Observed variations in
Re—Os isotopic compositions of the massive and disseminated ore types from the Rozany expressed by highly variable
initial (349 Ma) yOs values of +50 to +134 in part indicates important, but variable amounts of incorporated crustal
material. However, very similar '*’Re/'830s values found in all rock types can be best explained by post-crystallization
Re loss associated with late-stage hydrothermal alteration. When compared to other Ni-Cu—~(PGE) mineralizations in
the Bohemian Massif, the total PGE contents found in RoZany are much lower than those reported from the Ransko
Massif, but similar to those in the Svitavy ultramafic Complex.
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1. Introduction

Mantle-derived mafic to ultramafic rocks (peridotites,
gabbros, komatiites, basalts) represent important source
of platinum-group (PGE) and chalcophile (e.g., Ni, Cu,
Zn) elements (Crocket 2002; Naldrett 2010). At many
places worldwide, PGE deposits are located in variable
tectonic settings with common association with chro-
mitite reefs, Ni-Fe massive sulphides and/or magnetites
(Naldrett 2010). The Ni—-Cu—(PGE) mineralizations are
predominantly connected with mafic rocks such as flood
basalts (Norilsk; Naldrett 2010), komatiites (Kambalda;
e.g., Lesher et al. 1984) or gabbroic cumulates within
layered intrusions (Bushveld — e.g., Cawthorn et al. 2002;
Sudbury — e.g., Lightfoot and Doherty 2001).

The Bohemian Massif is the easternmost and largest
exposure of the Variscan orogenic belt in Europe, which
is known for its numerous Au, Sn—W, U and base-metal
as well as rarer Ni-Cu mineralizations located in differ-
ent geotectonic units. Based on geological, mineralogi-
cal and economic geology data, more than 120 types of

ore mineralizations were described by Bernard (1991).
Magmatic Ni-Cu—(PGE) ores were identified at three
localities — Staré Ransko (e.g., Pokorny 1969; Pasava
et al. 2003), Rozany/Kunratice (e.g.,Vaviin and Fryda
1998; Pasava et al. 2001) and Svitavy (Kopecky 1992;
Pasava et al. 2007).

The Ni—Cu—(PGE) mineralization at Rozany occurs
in the Lusatian Granitoid Complex. It is characterized
by low-grade Ni—Cu sulphide ores, which are hosted by
gabbroic dykes (dolerites), but also form impregnations
in the surrounding granitic rocks. In the 15" century,
Rozany deposit was important source of copper, and in
the 17" century it was mined for Ni. The last geological
exploration in 1960s showed that contents of the Ni and
Cu in ores have negative balance character. However,
fairly recent discovery of platinum-group mineralization
(Vavfin and Fryda 1998) indicates that the Rozany depos-
it could become a potential source of PGE in the future.
Therefore, it is important to learn more on the character,
formation and evolution of the host rocks and the PGE
mineralization itself.
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The ores are characterized by predominant occurrence
of pyrrhotite, chalcopyrite, minor Fe-Ni sulphides (vio-
larite, pentlandite) and rare pyrite with galena (Pasava
et al. 2001). The mineralization occurs directly in the
dolerite dykes and/or on the contact between dolerite and
host granites. It consists of several ore types including
(a) massive pyrrhotite—pentlandite ore, (b) massive pyr-
rhotite—chalcopyrite ore and (c) disseminated ore. Within
these types, Pt—-Pd—As—Te mineralization represented
by unnamed Pd-bearing tellurides [Pd,(Ni,Fe),BiTe,,
PdNi(Sb,Bi)Te,], sperrylite [PtAs,], melonite [NiTe,] and
vaviinite [SbNi,Te,] was described (Vaviin and Fryda
1998; Pasava et al. 2001).

In this paper, we present sulphide petrography of
the massive and disseminated ores together with their
chalcophile/siderophile element geochemistry and Os—S
isotopic compositions. We also bring new mineralogi-
cal data on the platinum-group minerals (PGM) and on
geochemistry and U-Pb zircon geochronology of the
host dolerite. Based on these findings, we provide bet-
ter constraints on the nature, conditions and evolution
of sulphide mineralization at Rozany deposit and its
temporal relationship to the host Lusatian Granitoid
Complex.

2. Geological setting and samples

The Bohemian Massif formed during collision of Gond-
wana, Laurussia and associated microcontinents during the
Late Paleozoic (e.g., Matte 2001). Four major tectonics
zones can be distinguished within Bohemian Massif: the
Saxothuringian, the Tepla—Barrandian, the Moldanubian
and the Moravo-Silesian (Schulmann et al. 2009). The
Rozany deposit is situated in the northernmost part of the
Bohemian Massif, which belongs to the Saxothuringian
Zone (Fig. 1). This area NE of the Elbe tectonic zone
(Fig. 1) has been traditionally called the Lusatian Unit
or Western Sudetes (e.g., Kosmatt 1927). It consists of
Cadomian basement represented by metamorphosed Neo-
proterozoic sediments and granitic rocks, overlain by a
Palacozoic (Cambrian to Carboniferous) overstep sequence
(Linnemann et al. 2008). The NE part of the Lusatian
Unit is represented by the Lusatian Block (Fig. 1) which
consists of (i) Lusatia—Leipzig Greywacke Complex as-
sociated with Torgau—Doberlug syncline, and (ii) Lusatian
Granitoid Complex (Linnemann et al. 2008).

2.1. Lusatia-Leipzig Greywacke Complex

This unit is classified as Cadomian retro-arc basin charac-
terized by monotonous, deep-marine sections of turbidites
(greywacke and mudstone couplets) accompanied by con-
glomerates. The U-Pb geochronology of detrital zircon

grains from the Lusatia-Leipzig Greywacke Complex in-
dicates that they are younger than 555+9 Ma (Linnemann
et al. 2004) with maximum age of deposition of 543 +4
Ma obtained for a youngest zircon generation found in
the conglomerate (Linnemann et al. 2007).

2.2. Lusatian Granitoid Complex

The Lusatia—Leipzig Greywacke Complex was intruded by
voluminous granitic intrusions forming the large (100 % 50
km) Lusatian Granitoid Complex (LGC) of ~590-500 Ma
age (U-Pb zircon dating — Kroner et al. 1994; Linnemann
et al. 2000; Dorr et al. 2002; Tichomirowa 2002; Biatek
et al. 2014). The LGC formed most likely by melting of
the Lusatia—Leipzig Greywacke Complex as the granites
contain abundant inherited zircons of matching age. Three
main types of granitic rocks can be distinguished: (1) two-
mica and biotite granodiorite (~590-550 Ma) predominant-
ly occurring at SW part of the LGC, (2) amphibole—biotite
granodiorite and monzogranite (~530-520 Ma) forming
most of the central part of the LGC and (3) the Rumburk
granite and its metamorphic equivalent represented by the
Jizera orthogneiss (~500 Ma: Oberc-Dziedzic et al. 2009,
2010; Zelazniewicz et al. 2009) forming the eastern part
of the LGC.

In the Cambrian, exhumation of the LGC started with
tectonic segmentation accompanied by the origin of
depressions and elevations, appearance of the first faults
and beginning of denudation of the whole area. The last
magmatic activity in the LGC was related to Variscan
orogeny. The LGC is characterized by the abundance of
dykes with compositions ranging from acidic to basic.
The mafic dykes (dolerites) form dyke swarm of ~W—-E
direction (Fig. 1) concentrated in faults or fissures; its
composition varies from quartz diorite to olivine gab-
bro (Chab et al. 2010). Ages of these dykes are poorly
constrained with reported K—Ar and Pb—Pb ages ranging
from 400 to 265 Ma (Kramer 1977; Kozdrd;j et al. 2001,
Kindermann et al. 2003). The Rozany locality is situ-
ated in the Lipov—Rozany granodiorite with the age of
462-501 Ma (Rb-Sr geochronology; Borkowska et al.
1980) with petrogenesis similar to the Rumburk granite.

3. Analytical methods

Studied samples were collected from Rozany deposit
at two old nearby quarries (location of the first quarry:
N 51°2.09'; E 14°27.08', of the second: N 51°2.05";
E 14°27.87") during two field campaigns in 2014-2015.
In total, six samples of massive ores, two samples of
disseminated ores and one sample of barren dolerite (the
last also for U-Pb dating) have been selected from a large
sample collection.
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3.1. Trace-element analyses
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Fig. 1 Generalized geological map of the studied area in northern Bohemia (adopted and modified from Linnemann et al. 2008) with a focus on

Trace-element (lithophile and chalcophile elements)
concentration measurements in dolerites and ore samples

were carried out using an Element 2 sector field ICP-MS

(Thermo-Finnigan) housed at the Institute of Geology of
the Czech Academy of Sciences (IG CAS), Prague. To
prevent As loss, decomposition of sulphide-rich samples
(~100 mg) was performed in Teflon vials with mixture
of 3 ml HNO,, 1 ml HCI and 1 ml HF using Micro-
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wave Accelerated Decomposition System (Milestone).
The residual solution was mixed with 10 ml of H,BO,
saturated solution and decomposed again in microwave
system. The final solution was diluted for ICP—-MS mea-
surements. Calibration was carried out with an aqueous
multi-element solutions (EPond, Switzerland) and '*In
as internal standard for correction of instrumental drift.
Trace elements such as REE, Rb, Sr, Cs, Ba, Y, U, Th,
Pb, Zr, Hf and Nb were measured in low (m/Am = 300)
resolution modes whereas Sb, Te, Bi, As, Se, V, Cr, Co,
Ni, Zn and Cu were measured in medium (m/Am = 4000)
resolution mode. The in-run precision of the analyses
was typically better than 1 % for all analysed elements.
The accuracy of the trace-element analyses was checked
against BCR-2 (USGS) and WMS-1 (Canmet) reference
materials, respectively, yielding deviation of up to 15 %
except As and Se with deviation of —20 % with respect
to certified values.

3.2. Modal sulphide compositions and
platinum-group minerals analyses

Modal sulphide composition in the samples was obtained
by automated mineralogy approach (Gottlieb et al. 2000;
Smith et al. 2013) using the TESCAN Integrated Mineral
Analyser (TIMA) at the IG CAS. The analysis combined
BSE and EDS data over a regular grid with 8 pm spac-
ing. Automated search and identification of PGM was
performed by the bright phase search method using an
1 um step. The composition of platinum-group minerals
was determined by Cameca SX-100 equipped with four
wavelength-dispersive X-ray spectrometers (IG CAS) us-
ing the accelerating voltage of 15 kV, a beam current of
20 nA and focused beam diameter of 1 um. The follow-
ing elements were analysed (spectrum lines, standards,
spectrometer crystals, and counting time are given in the
parentheses): Pd (L, LPET, 40 s), Pt (M, LPET, 90 s), Te
(L, LPET, 10 s), Bi (M, LPET, 10 s), S (K , markasite,
LPET, 10 s), Fe (K, Fe,0,, LLIF, 10 s), Co (K, LLIF,
10 s), Ni (K, LLIF, 10 s), Cu (K, LLIF, 20 s), Se (L,
TAP, 10 s), As (L, GaAs, TAP, 10 s), Sb (L, LPET, 10
s). The X-phi (Merlet 1994) correction procedure was
used for spectra processing.

3.3. Highly siderophile element and Re-Os
isotopic analysis

Approximately 1-2 g of whole-rock sample powder (dol-
erite) and 15-30 mg (ore) was sealed with appropriate
amounts of '¥Re-1"°Os and 'Ir—?Ru-'%Pd-"*Pt spikes
and digested in pre-cleaned Carius Tube using 4 ml con-
centrated HCI and 5 ml concentrated HNO, at 260 °C
(sulphides at 230°C) for ~72 hours (Shirey and Walker
1995). After decomposition, osmium was extracted from

aqua regia solution into CHCI,, back-extracted into 4 ml
of concentrated HBr and dried (Cohen and Waters 1996).
The Os fraction was purified by microdistillation, using
CrO, and HBr (Birck et al. 1997).

In order to ensure full extraction of rhenium and Ir,
Ru, Pd and Pt from the dolerite sample, remaining unde-
composed silica-rich residue was treated by desilicifica-
tion procedure using HF-HCI mixture following Dale et
al. (2008) and Ishikawa et al. (2014). Then, the Ir, Ru, Pd,
Pt and Re from desilicified and sulphide-fractions were
separated by anion exchange chromatography using AG
1 x 8 resin (BioRad).

Osmium concentrations and '*’Os/'*¥Os ratios were
obtained by N-TIMS technique (Creaser et al. 1991;
Volkening et al. 1991) using Finnigan MAT 262 mass
spectrometer housed at the Czech Geological Survey
(CGS). In run precision for '¥"0s/'*0s ratios was always
better than 0.2 % (2 SE). The measured Os isotopic
ratios were corrected offline for mass fractionation us-
ing 20s/'%0s = 3.08271 (Shirey and Walker 1998) and
spike/blank contributions. External reproducibility was
monitored by analyses of UMCP Os solution yielding
1870s/'%80s of 0.113827+21 (n = 23) and 0.113718+51
(n = 16) for Faraday cups and electron multiplier mea-
surements, respectively.

Iridium, Ru, Pt, Pd and Re concentrations were deter-
mined using sector field ICP-MS (Element 2, Thermo
Scientific, Germany) at the IG CAS. The internal preci-
sion was always better than 0.3%. Isotopic fractionation
was corrected for by linear law and measurements of
natural Ir, Ru, Pt and Re standard solutions. The total
procedural blanks were 0.1 pg for Os, 3 pg for Ir, 2 pg for
Ru, 11 pg for Pt, 9 pg for Pd and 2 pg for Re. Accuracy
of the method was checked by the analyses of TDB-1
diabase reference material (CANMET, Canada) yielding
values similar to that presented by Ishikawa et al. (2014).

3.4. Sulphur isotopic analysis

Sulphides were oxidized by CuO to SO, at 800 °C accord-
ing to the procedure described by Grinenko (1962), and
released SO, was then measured on a Finnigan MAT 251
mass spectrometer at the CGS. The S isotope ratios are
reported in the standard & notation (in per mil), expressed
relative to the CDT and V-PDB standards. Precision and
accuracy of the 8**S data is £0.2%o0 as determined by
repeated analyses of the CDT international standard.

3.5. U-Pb zircon geochronology

Approximately 35 kg sample of the dolerite ROZ1 was
used for the zircon separation. Zircon grains were ex-
tracted using conventional mineral separation techniques
(jaw crushing, Wilfley concentration table, and finally,
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zircons (LA-ICP-MS data) from ROZ1
dolerite. All data are plotted with 2¢
uncertainties. Two discordant ellipses
(dashed) were excluded from the U-Pb
age calculation.

magnetic and heavy liquid separations). Handpicked zir-
con grains were mounted in one-inch epoxy-filled blocks
and polished. Internal zircon structure, zoning patterns
and possible presence of older inherited components in
individual grains was checked by cathodoluminescence
(CL) imaging using scanning electron microscope Tescan
Mira 3GMU at the CGS.

An Element 2 high-resolution sector field mass
spectrometer (Thermo Scientific) coupled with a 213-
nm NdYAG UP-213 laser ablation system (New Wave
Research) at the IG CAS was used to acquire the Pb/U
isotopic ratios. Samples were ablated in an in-house
small-volume ablation cell, construction inspired by a
conception of Kooijman et al. (2012). The laser was fired
at a repetition rate of 5 Hz, using a spot size of 30 um and
a fluence of ~ 4-5 J/cm?. Acquisitions for all measured
samples consisted of a 35 s measurement of blank fol-
lowed by U and Pb signals from zircons for another 40 s.
Data were collected for masses 204, 206, 207, 208, 232
and 238 using both analogue and ion counting modes of
the SEM detector, one point per mass peak and relevant
dwell times per mass of 10, 15, 30, 10, 10 and 15 ms. The
sample introduction system was modified using Y-piece
tube attached to the back end of the plasma torch and
connected to the helium gas line carrying the sample from
the laser cell. The Hg impurities in the carrier He gas,
which can cause isobaric interference of ***Hg on ***Pb,
were reduced by using in-house made gold-coated sand
trap. The relative contribution of common Pb to total Pb
was less than 0.1 % and, therefore, no common Pb cor-

| | | | |
0.38 0.40 0.42 0.44 0.46

207 P b/235 U

rection was applied to the data. Elemental fractionation
and instrumental mass bias were corrected by normaliza-
tion of internal U-Pb calibration zircon standard 91500
(1065 Ma; Wiedenbeck et al. 1995) and reference natural
zircon standard GJ-1 (609 Ma; Jackson et al. 2004, 603
Ma; Kylander-Clark et al. 2013) periodically analysed
during the measurement. The obtained concordia ages
of these standards 1065+2 Ma (20) and 607+ 1 Ma (20)
correspond well within the errors to published zircon
standards ages. Raw data reduction and age calculations,
including corrections for baseline, instrumental drift,
mass bias and down-hole fractionation, were carried out
using the computer program Iolite (v. 3.0; Paton et al.
2011). The U-Th-Pb isotopic data and zircon ages shown
in conventional concordia diagram (Fig. 2) were also
generated by the same software with VizualAge add-in
(Petrus and Kamber 2012). For the data presented here,
blank intensities and instrumental bias were interpolated
using an automatic spline function while down-hole inter-
element fractionation was corrected using an exponential
function.

4. Results
4.1. Petrography and trace-element
composition of dolerites

The Rozany dolerite shows sub-ophitic texture domi-
nantly consisting of amphibole and plagioclase mak-
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Fig. 3 Photomicrographs of the studied samples. a — Texture of barren dolerite in plain polarized light. b — Typical texture of massive Ni—Cu ore
from Rozany. Note partial dissolution of pyrrhotite and pentlandite along some of the grain edges. ¢ — Detail of chalcopyrite—pentlandite grain
with violarite replacing pentlandite. d — Complex ore assemblage consisting of all ore-bearing minerals: pyrrhotite, pentlandite, chalcopyrite and
violarite. Amp — amphibole, Pl — Plagioclase, Po — pyrrhotite, Pn — pentlandite, Ccp — chalcopyrite, Vio — violarite, Ilm — ilmenite.

ing up to 90 vol. % of the total minerals (Fig. 3a).
Additionally, subordinate amounts of clinopyroxene
and biotite (<5 vol. %) are present. Brown amphibole
typically forms tabular and/or anhedral grains up to
1 mm in length. Plagioclase is strongly replaced by
sericite and chlorite. Opaque minerals are represented
by abundant ilmenite and magnetite accompanied by
pyrrhotite. Needle-like apatite forms common accu-
mulations associated with plagioclase. Among other
accessory minerals, zircon, baddeleyite, thorite and
titanite were identified.

Trace-element abundances in the barren dolerites are
given in Tab. 1 whereas rare-carth element (REE) and
multielement trace-clement patterns, both normalized
to Primitive mantle (McDonough and Sun 1995), are
shown in Fig. 4. Studied dolerites exhibit light rare ele-
ment (LREE)-enriched patterns with high La /Yb, ratios
of ~ 16.7 and no Eu anomaly. Extended trace-element
patterns show enrichment in all incompatible elements

with respect to primitive mantle, notably Rb, Nb, U, Th
and Sr but markedly negative Pb anomaly (Fig. 4). No
fractionation was observed between Zr and Hf.

4.2. Zircon U-Pb geochronology

Unfortunately, only a limited number of zircons was
successfully extracted from the sample ROZ1 and dated
using laser-ablation ICP-MS U-Pb analysis (Tab. 2,
Fig. 2). Most of the studied grains are typical morpho-
logical zircon populations: clear prismatic (euhedral
to needle-like, Fig. 5a), pale brown prismatic—stubby
(Fig. 5b) or equant—oval (Fig. 5d) grains. Cathodolumi-
nescence images (CL) show several types of magmatic
zoning. Partially preserved complex oscillatory growth
zoned zircons are penetrated by zones of recrystalliza-
tion (Fig. 5e), while some larger stubby grains consist
of oscillatory-zoned zircon surrounding unzoned xeno-
crystic cores (Fig. 5a).
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Tab. 1 Trace-element and Re—Os isotopic data for barren dolerites
from Rozany

Sample ROZ ROZ 1/1
Li (ppm) 21 21
Sc 12.2 10.3
\Y% 266 228
Cr 136 100
Co 54 45
Ni 194 129
Rb 24 20
Sr 859 927

Y 22 24
Zr 251 267
Nb 51 58
Cs 1.4 0.94
Ba 331 339
La 33 36
Ce 72 78
Pr 9.4 10
Nd 41 45
Sm 9.1 9.7
Eu 3.0 3.2
Gd 9.0 9.8
Tb 1.3 1.4
Dy 5.7 6.0
Ho 0.89 0.95
Er 2.3 2.4
Tm 0.23 0.25
Yb 1.4 1.5
Lu 0.18 0.19
Hf 6.6 6.9
Ta 3.1 3.5
Pb 3.0 3.0
Th 2.9 3.0
6] 0.63 0.67
Os (ppb) 0.094 -

Ir 0.10 -
Ru 0.20 -
Pt 1.26 -
Pd 0.91 -
Re 0.62 -
Re/'"*80s 32.7 -
1870s/1% Os 0.3223 -
vOs (349 Ma) +5.6 -

U-Pb zircon dating of sample ROZ1 yielded concor-
dant ages between c. 338 Ma and 352 Ma (Tab. 2) and
weighted mean concordia age of 349+3 Ma (20; four
analyses; Fig. 2) that is interpreted as timing the intru-
sion. Excluded from this calculation were two zircon
analyses (dashed ellipses on Fig. 2) that are discordant.
The lead loss, possibly associated with considerable fluid
movement subsequent to magmatic crystallization, is the
most likely explanation of their discordant composition.
We have also detected two inherited zircon cores, which
are not visualized on concordia diagram, that yielded
concordant ages of ¢. 600 and 650 Ma, respectively. The
studied grains have Th/U ratios (Tab. 2) of 0.3—1.4 (av-
erage 0.6) similar to magmatic zircons that are usually
characterized by Th/U > 0.5 (Hoskin and Schaltegger
2003 and references therein).

4.3. Sulphide petrography, modal
compositions and platinum-group
minerals

The Ni—Cu ore is composed of large (3—5 mm), irregu-
lar and brecciated pyrrhotite flakes enclosing silicates
and anhedral grains of magnetite—ilmenite with high
degree of fragmentation and disorientation (Fig. 3b).
Resorption is very common along the silicate—pyrrhotite
boundaries. Pentlandite forms small (< 0.3 mm) rounded
grains enclosed in pyrrhotite, which are commonly re-
placed by violarite (Fig. 3c). Violarite also forms thin
vein-lets penetrating large pyrrhotite flakes. Chalcopy-
rite is rare, but if present, it is concentrated on the rims
of large pyrrhotite flakes and/or forms individual small,
highly resorbed patches (< 0.3 mm) within silicates.
No exsolution lamellae and/or flames were observed
in any of the studied sulphide phases. The Cu—Ni ore
shows similar texture but differs by the predominance
of chalcopyrite over pentlandite. The latter mineral is
commonly replaced by violarite forming brecciated tex-
ture. Chalcopyrite typically forms millimetre-sized ir-
regular fillings and equant grains within large pyrrhotite
grains (Fig. 3d) or pyrrhotite—chalcopyrite intergrowths
less than 1 mm across. In some pyrrhotite grains, very
thin (< 10 pm) exsolution lamellae of pentlandite were

Tab. 2 Laser-ablation ICP-MS U-Pb data for zircons from the Rozany dolerite (sample ROZ1)

Corrected isotope ratios

Apparent ages (Ma)

U, Th and Pb content (ppm)

Anal. No. WPh2BSU - £l 2Pb/AU 1o error corr. 27Pb/2U £16%%Pb/>$U £16 Approx U +1cApprox Th 16 Approx Pb +lc  Th/U
Sample ROZ1 (diorite)

1 0.4060 0.0075 0.0538 0.0006 0.2810 346 6 338 4 272 4 128 4 22 1 0.5
2 0.4156 0.0046 0.0546 0.0004 0.3742 352 3 343 2 590 12 204 7.7 31 1.0 0.3
3 0.4098 0.0068 0.0545 0.0006 0.2090 348 5 342 3 563 11 143 6.7 22 1.0 0.3
4 0.4079 0.0061 0.0543 0.0005 0.29471 347 4 341 3 449 12 647 20 103 2.3 1.4
5 0.4124 0.0049 0.05348 0.00071 0.56686 351 4 336 4 1831 19 163 1 26 1 0.1
6 0.4229 0.0053 0.05437 0.00073 0.57881 358 4 341 5 1487 16  220.6 8 35 1.5 0.1
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Fig. 4 Trace-element compositions of
barren dolerites (normalized to Primi-
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tive mantle values of McDonough and
Sun 1995).
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Tab. 3 Sulphide modal compositions (vol. %, recalculated to 100 % sulphide fraction)

Sample ROZ 2/1 ROZ 2/2 ROZ2/3 ROZ 3/1 ROZ3/2 ROZ 4/2 ROZ 4/1 ROZ 4/3
Ore type mal_ssive ma_ssive ma.ssive massiv_e massiv.e massiv_e dissefninated disseminated
Ni-Cu Ni—Cu Ni—Cu Cu-Ni Cu-Ni Cu-Ni Ni—Cu Ni—Cu
Chalcopyrite 0.8 1.0 28 18 58 28 32 26
Pyrrhotite 84 81 59 70 35 61 52 62
Fe—Ni-sulphides 15 18 13 12 7 10 16 12
Total 100 100 100 100 100 100 100 100
Tab. 4 Compositions of platinum-group minerals detected in the Rozany ores (wt. %)
Sample Rock Mineral Pd Pt Te Bi S Fe Ni As Sb Total
ROZ 2/2 massive Ni-Cu ore sperrylite b.dl. 5395 0.72 b.dl 080 225 231 3853 bdl 9857
ROZ 2/3 massive Ni-Cu ore unknown Pt-As-Te phase? b.d.l. 51.48 1229 0.69 0.264 256 0.17 31.60 0.26 99.32
ROZ 2/3 massive Ni-Cu ore moncheite 596 21.69 6082 6.31 0.02 1.24 4.64 b.dl  0.10 100.76
ROZ 2/2 massive Ni—Cu ore michenerite 24.10 b.dl. 3143 41.17 b.d.l 2.14  b.dl  bdl 0.13  96.84
ROZ 2/2 massive Ni—Cu ore michenerite 23.56  b.dl. 30.65 4290 0.037 2.06 027 b.dl 0.23  97.64
ROZ 4/2 massive Cu—Ni ore (Sb—rich) michenerite 2444 b.dl. 3442 2489 0.36 146 221 bdl 12.17 99.94

b.d.l. = below detection limit

observed. The disseminated ores are characterized by
predominance of pyrrhotite with variable amounts of
chalcopyrite and pentlandite; subordinate violarite
replaces pentlandite. The size of the sulphide grains,
flakes and patches dispersed in the silicate matrix is
typically less than 1 mm.

Sulphide modal compositions of the studied samples
of Ni—Cu ores from the Rozany deposit are variable
(Tab. 3). The highest amounts of Fe—Ni sulphides (15-18
vol. %) show massive Ni—Cu ores. Poorer are the dis-
seminated ores, which contain 10-11 vol. % Fe—Ni
sulphides. The massive Cu—Ni ores have 7-12 vol. % of
Fe—Ni sulphides, but the highest amounts of pyrrhotite
are typical of massive Ni—Cu ores (59-84 vol. %). The
lowest contents of pyrrhotite are characteristic of massive
Cu—Ni ores (35-70 vol. %), and disseminated ores have
52-62 vol. % of pyrrhotite. The chalcopyrite amounts
are highly variable (18-58 vol. %) being lower in dis-
seminated pyrrhotite—chalcopyrite ores (26—32 vol. %)
and the lowest in massive Ni—Cu ores (0.8-28 vol. %).

Previous studies of Pasava et al. (2001) and Vaviin and
Fryda (1998) identified several platinum-group minerals
(PGM) such as sperrylite [PtAs,] and unnamed Pd-Ni
bearing tellurides [Pd,(Ni,Fe),BiTe, and PdNi(Sb,Bi)
Te,] as principal carriers of the PGE mineralization.
The PGM phases were usually detected in sulphides
(predominantly in pyrrhotite and/or in chalcopyrite) and
at the sulphide—silicates grain boundaries. Our detailed
SEM study confirms common presence of sperrylite
(Fig. 6a). Moreover, it also revealed moncheite [(Pt,Pd)

&
Fig. 5 Representative cathodoluminescence images of the dated zircon
grains from the studied sample (ROZ1). Laser-ablation ICP-MS analysis
spots are marked with concordant 2°°Pb/?¥U ages with 1o uncertainties.
Dotted in grain e) is the analytical spot that was not included in the
concordia age calculation (see text for explanation).

(TeBi),] grains (Fig. 6b—c) with elevated Fe and Ni
contents (Tab. 4), and michenerite [(Pd)BiTe; Fig. 6d—e]
with sometimes high Sb contents (e.g., up to 12.2 wt. %;
Tab. 4) as common Pd- and Pt-bearing phases. Addition-
ally, possible yet unknown Pt—As—Te phase (Fig. 6f) was
identified; however, its composition (Tab. 4) may also
be explained as a mixture of sperrylite and some Pt-Te
phase (e.g., moncheite) which cannot be resolved due to
its very small size. Automated SEM detection revealed
that these PGM are located not only within all base-metal
sulphides, but also in matrix silicates (e.g., Fig. 6b, e—f).

4.4. Trace elements in RoZany ores

Studied samples show variable concentrations of trace
elements (Tab. 5). The samples of massive ores contain
higher concentrations of Ni (1.0-1.9 wt. % and 0.3-0.8
wt. % for Ni—Cu and Cu—Ni ores, respectively) than
the disseminated ores (0.8-0.9 wt. %). Similarly, the Cr
and Co concentrations are generally higher (525-831
ppm and 190—608 ppm, respectively) in massive than
in disseminated ores (470-609 ppm and 31-341 ppm,
respectively). The massive ores are also characterized
by relatively variable concentrations of Cu ranging
from very high in Cu—Ni types (1.5-2.1 wt. %), through
intermediate in disseminated ores (0.5-0.7 wt. %) to the
lowest in massive Ni—Cu ores (0.2-0.8 wt. %). Bismuth
and Te also show variable distribution with the most
variable concentrations found in massive Ni—Cu ores
(0.80-5.45 ppm for Bi and 0.91-4.98 ppm for Te), on
average slightly higher values found in disseminated
ores (1.55-2.34 ppm and 1.48-2.34 ppm for Bi and
Te, respectively) than homogeneous contents found in
Cu—Ni ores (2.46-3.15 ppm for Bi and 2.04-2.56 ppm
for Te). Arsenic concentrations varied among all studied
ore samples between 0.49 and 1.61 ppm. The lowest
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Tab. 5 Trace-element and highly siderophile element concentrations along with Re—Os isotopic data of ores from Rozany

Sample ROZ 2/1 ROZ 2/2 ROZ2/3 ROZ 3/1 ROZ 3/2 ROZ 4/2 ROZ 4/1 ROZ 4/3
Ore type ma_ssive ma.ssive ma_ssive massiv-e massivne massiv-e dissep‘linated disse.minated
Ni—Cu Ni-Cu Ni-Cu Cu-Ni Cu-Ni Cu-Ni Ni—Cu Ni-Cu
Ni (wt. %) 1.92 1.65 0.99 0.84 0.31 0.69 0.87 0.83
Cu 0.56 0.21 0.79 1.51 2.13 1.46 0.72 0.48
Sb (ppm) 0.17 0.10 0.48 0.52 0.56 0.60 0.34 0.81
Te 0.91 1.10 4.98 2.14 2.04 2.56 2.34 1.48
Bi 0.80 1.20 5.45 2.46 2.51 3.15 2.34 1.55
As 0.58 0.85 1.61 0.59 0.49 0.59 1.16 0.88
Se 17.9 15.4 16.3 13.3 9.91 12.8 11.7 9.73
A% 202 194 220 228 227 226 228 121
Cr 525 831 674 763 661 639 470 609
Co 506 608 352 373 190 322 321 341
Zn 114 108 187 253 155 151 135 159
Pb 17.5 24.5 82 66 75 78 44 26.2
Os (ppb) 22.8 25.6 - 4.95 2.89 4.26 16.5 -
Ir 11.4 13.3 - 2.6 1.58 2.33 8.48 -
Ru 28.8 31.2 - 4.9 2.94 4.49 18.4 -
Pt 15.9 39.0 - 67.9 40.3 85.1 98.5 -
Pd 67.2 65.2 - 109.5 99.7 104.7 29.3 -
Re 57.5 61.4 - 12.3 6.1 10.0 12.1 -
17Re/1%80s 12.5 11.9 - 12.2 10.3 11.6 3.56 -
1870s/'% Os 0.365 0.357 - 0.292 0.271 0.268 0.207 -
vOs (349 Ma) +134 +131 - +77 +69 +61 +50 -

concentrations of some compatible elements (e.g. Cr and
Ni) exhibit barren dolerites.

concentrations are variable with the highest identified in
massive Ni—Cu ores (57.5-61.4 ppb) and much lower in
massive Cu—Ni and disseminated ores (6.1-12.3 ppb).
The lowest Re concentration was found in the barren

4.5. Platinum-group elements and rhenium dolerite (0.62 ppb).

concentrations

Generally, the highest contrast in platinum-group ele-
ment (PGE) and rhenium contents is between two types
of massive ores (Tab. 5). Primitive-mantle normalized

4.6. Osmium and sulphur isotopic
compositions

(McDonough and Sun 1995) patterns for Ni, Cu, Re and
PGE of the Rozany ores are shown in Fig. 7. The Ni-Cu
ores contain very high levels of I-PGE (Os: 22.8-25.6
ppb, Ir: 11.4-13.3 ppb, Ru: 28.8-31.2 ppb) and Re
(57.5-61.4 ppb), much lower Pt contents (15.9-39.0 ppb)
and only slightly elevated Pd concentrations (65.2-67.2
ppb). This fact illustrates low Pd/Ir ratios (4.9-5.9). On
the contrary, Cu—Ni ores are characterized by high Pt
and Pd concentrations (67.9-85.1 ppb and 99.7-109.5
ppb, respectively), but much lower contents of I-PGE.
All these features result in relatively high Pd/Ir ratios
of 42—-63. The lowest PGE contents were detected in
the barren dolerite (0.094-1.26 ppb, Tab. 1). Rhenium

&
Fig. 6 Detected platinum-group minerals from the Rozany Ni—-Cu—
(PGE) mineralization. a — Sperrylite (PtAs,) enclosed in pentlandite.
b — Moncheite grains [(Pt,Pd)(TeBi),] in amphibole. ¢ — Partially
resorbed moncheite on the border between chalcopyrite and pyrrhotite.
d — Michenerite (PdBiTe) enclosed in pyrrhotite. € — Sb-michenerite
grains enclosed in amphibole. f — Possible unknown Pt—As-Te phase
in chlorite.

The obtained '¥70s/!'®0s ratios vary broadly in the range
of 0.2073 and 0.3645 (Tab. 5) with the highest values
found in massive Ni—Cu ores (0.357-0.367) and barren
dolerite (0.322, Tab. 2). The lowest '®Os/'®0Os ratios
are characteristic of disseminated ores (0.207-0.268).
In comparison, the '""Re/'®¥0s ratios of massive Ni—Cu
ores are very homogeneous (11.9-12.5), whereas the
disseminated ore and barren dolerite yield much lower
(3.56) and higher (32.6) ones, respectively. The yOs
values at 349 Ma (calculated using chondritic composi-
tion of Shirey and Walker 1998) range from +5.6 for
barren dolerite to highly radiogenic values in ores (from
+50 to +134) with the highest values found in massive
Ni—Cu ores.

Sulphur isotope data for pyrrhotite and chalcopyrite
from massive Cu—Ni ores are given in Tab. 6. Overall,
all analysed sulphides yield rather homogeneous 8**S
values in the range of —2.7 and +0.1 %o with no resolv-
able difference between different types of ore and/or
sulphide mineral.
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Fig. 7 Highly siderophile and chal-
cophile element compositions of the
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5. Discussion

5.1. Constrains on the age and magma
sources of the barren dolerite

The age of gabbroic dykes in the Lusatian Granitoid
Complex has been poorly constrained by whole-rock
K-Ar and single zircon evaporation Pb—Pb methods at
~390-400 Ma (Kramer 1977; Kindermann et al. 2003).
On the other hand, the Lusatian lamprophyric dykes
gave Ar—Ar ages on amphibole of 325.5 + 2.9 Ma and
336.7+3.9 Ma (Abdelfadil et al. 2013).

In contrast, our new in-situ U-Pb zircon data for the
Rozany dolerite yield the age of 349+3 Ma which is
much lower than previous K—Ar/Pb—Pb data. The reason
for the discrepancy between the existing Pb—Pb and our
new U-PDb zircon data can be associated with the detected
inherited zircon cores (~600 and 650 Ma) and/or zircon
modification by hydrothermal alteration, effects of which
are visible in the CL images. Therefore, our in-situ data
should be considered more reliable and obtained age sug-
gests rather closer temporal relationship of dolerite dykes
to lamprophyres in the Lusatia.

Tab. 6 Sulphur isotopic compositions of sulphides from Rozany

Sample Ore type Mineral 8*S (%o)
ROZ 2/1 massive Ni-Cu pyrrhotite -2.6
ROZ 2/2 massive Ni—Cu pyrrhotite -1.2
chalcopyrite -1.5
ROZ 3/1 massive Cu—Ni chalcopyrite -2.7
ROZ 3/2 massive Cu—Ni chalcopyrite +0.1
pyrrhotite -2.0
ROZ 4/2 massive Cu—Ni pyrrhotite -2.3

Pd Re Cu

studied rocks (normalized to Primitive
mantle of McDonough and Sun 1995).

Chemical composition of barren dolerites can pro-
vide important insights into the composition of parental
basaltic magma sources. When compared to the Primi-
tive mantle, the Rozany dolerites are characterized
by high degree of LREE enrichment (La,/Yb, ~16.7)
and absence of Eu anomaly. In combination with the
observed enrichment in other incompatible trace ele-
ments (e.g., Rb, Sr; Fig. 4), this suggests derivation of
the parental magmas from enriched (metasomatized)
mantle source.

Mafic dykes of gabbroic composition presumably de-
rived from subduction-related metasomatized mantle are
common in Lusatia. Even though they are accompanied
by calc-alkaline lamprophyres (Abdelfadil et al. 2013),
they show rather tholeiitic compositions with much lower
levels of incompatible elements (e.g., LREE-MREE, Ba,
Sr, Nb) than the Rozany dolerites. In comparison, com-
position and mineralogy (e.g., predominant amphibole,
accessory apatite) of studied dolerites from Rozany are
rather similar to the calc-alkaline lamprophyric dykes
(Abdelfadil et al. 2013) suggesting different mantle
source and/or degree of crustal contamination when
compared to other gabbroic dykes in the area. More
extensive dataset for barren dolerites would be needed
for a modelling of assimilation-fractional crystallization
process. Nevertheless, as Re—-Os isotopic compositions
of mantle-derived magmas are very sensitive to crustal
contamination (e.g., Shirey and Walker 1998), they have
a potential to distinguish between enriched mantle source
and high-level of melt contamination which should result
in highly radiogenic yOs. Using zircon U-Pb age of 349
Ma leads to initial yOs value of +5.6 which is very simi-
lar to the present-day Enriched Mantle reservoir 2 with
vOs of +7.1 (Shirey and Walker 1998). This may imply
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Fig. 8 Variations of I-PGE (Os, Ir, Ru) and Pt + Pd concentrations with Ni and Cu contents.

derivation of Rozany dolerites from subduction-related
upper mantle, which is in agreement with conclusions of
Abdelfadil et al. (2013).

5.2. The origin of PGE mineralization and
Re-Os isotopic signatures

The Rozany—Kunratice mineralization represents a
Ni—-Cu—(PGE) magmatic/hydrothermal deposit associ-
ated with mafic rocks with mineralogy similar to other
PGE deposits worldwide (e.g., Cawthorn et al. 2002;
Farrow and Lightfoot 2002; Komarova et al. 2002
and references therein). Association of base-metal
sulphides represented by pyrrhotite, pentlandite and
chalcopyrite is typical of magmatic sulphides formed
by the separation of sulphur—saturated melts at the

final stages of parental melt differentiation. In other
words, it is very likely that crystallization of silicate
minerals (including zircon) and sulphides was nearly
contemporaneous.

Presence of violarite can be attributed to either su-
pergene and/or hydrothermal alteration of pentlandite
(Tenailleau et al. 2006) or this mineral may have formed
as a primary exsolution phase from pentlandite (Grguric
2002). At Rozany—Kunratice, violarite clearly replaces
pentlandite grains and/or forms secondary veinlets in
large pyrrhotite grains. This suggests important role
of hydrothermal activity, which was also most likely
responsible for the origin of very common resorbed
rims of all observed base-metal sulphides (e.g., Fig.
3b—c). As shown above, the PGM from Rozany are not
only enclosed in all identified base-metal sulphides, but
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they are also very common in silicate matrix minerals
such as amphibole and/or chlorite. This indicates that
also formation at least some of the PGM was closely
associated with late-stage hydrothermal processes and
they may be the products of the remobilization from
the primary base-metal sulphides and/or their enclosed
PGM. Further evidence for late-stage remobilization
of sulphides is presence of thin pyrite-bearing vein-
lets cross-cutting main base-metal mineralization and
impregnations of carbonate and quartz associated with
hydrothermal alteration of primary silicate minerals
(Pasava et al. 2001).

Association of individual PGE with different ore types
is illustrated in Fig. 8. The I-PGE contents positively
correlate with Ni values and abundances of Fe-Ni sul-
phides (not shown), but negatively with the Cu contents.
The absence of I-PGE-bearing minerals within the PGE
mineralization indicates that the I-PGE were most likely
concentrated in Ni-bearing sulphides in the form of solid
solution. For example, pentlandite can accommodate
I-PGE at tens of ppm levels (e.g., Godel et al. 2007).
In comparison, Ni-rich ores contain the lowest Pt—Pd
contents whereas Cu—Ni ores tend to be richest in Pt and
Pd. Except one sample, Pt—Pd contents broadly correlate
with chalcopyrite modal abundance. When taking into
account the common presence of Pt- and Pd-bearing min-
erals, it seems that Pt and Pd budgets are predominantly
controlled by their own phases combined with a limited
role of chalcopyrite.

The nature and source of PGE can be best examined
via Re—Os isotopic compositions. The studied suite of
massive and disseminated ores shows highly variable
18705/1%80s contrasting with mutually well comparable
7Re/"*80s (except one value; Tab. 5). This results in
highly variable yOs (349 Ma) values of +50 to +134.
The magnitude and variability of these values clearly
argue for a significant contribution of crustal material
to parental melts as described also from other Ni-Cu-—
(PGE) deposits worldwide (e.g., Sudbury — Morgan et
al. 2002; Pechenga — Walker et al. 1994). However, the
observed '®70s/'*0s compositions cannot come from
a heterogeneous mantle source (very radiogenic yOs
found in comparison to all mantle reservoirs) or reflect
crustal contamination prior to the intrusion which would
lead to uniform enrichment of '®’Os in the resulting
melt (Walker et al. 1994). In addition, sulphur isotopic
data for major sulphides (pentlandite, chalcopyrite,
and pyrrhotite) show a narrow range of 6**S from —2.7
to +0.1, which is similar to world-class sulphur-poor
Ni-Cu—(PGE) deposits (e.g., Bushveld, Stillwater) and/
or Sudbury (Ripley and Li 2003). These values argue
for a homogenous source of mantle-derived magmatic
sulphur without obvious mixing with external sources
(e.g., granites and/or sediments). Crystallization of

mafic, sulphur-saturated melt in a closed system should
lead to isochronous Re—Os relationship among samples
within the studied suite. In turn, scattered variation
between '®Re/"*80s and '¥’0s/'*Os for all rocks studied
here (Fig. 9a) suggests either variable amounts of crustal
material assimilated or modification of Re—Os systemat-
ics during post-emplacement hydrothermal alteration. If
barren dolerite and surrounding Lusatian granitoids are
considered to be representative of a parental melt and
assimilant, respectively, their interaction should lead to
development of a well-defined mixing trend in Os—yOs
space as continental crust has typically very low Os
content paralleled by very high yOs (e.g., Esser and
Turekian 1993; Peucker-Ehrenbrink and Jahn 2001). In
contrary, an opposite, rather scattered trend can be rec-
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Fig. 9 Re—Os isotopic diagrams. a — 'Re/'*30s vs. '*"0s/'**0s (iso-
chron) diagram for the Rozany ores and barren dolerite. b — Variations
of Os contents vs. initial yOs values calculated at 349 Ma.
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ognized in Rozany with the highest Os contents found in
the Ni-rich ores characterized by the highest yOs values
(Fig. 9b). Therefore, modification of Re-Os systemat-
ics during post-crystallization processes seems to be a
more plausible explanation. Highly radiogenic and vari-
able '¥70s/'®0s of Rozany ores at low '"*"Re/'*¥Os (Fig.
9a) can be best explained by either osmium addition
or rhenium removal lowering original '®"Re/"*#Os. The
former possibility is highly unlikely as Rozany dolerites
penetrate the Lusatian Granitoid Complex with granitic
composition, which should contain very little Os pre-
venting some significant Os addition via late-stage re-
mobilization from the host rock. In comparison, several
studies have shown that Re can be highly mobile during
hydrothermal alteration (Walker et al. 1994, 2007) or
dehydration (Becker 2000). Taking into account several
observations described above giving the clear evidence
for late-stage hydrothermal alteration, variable Re loss
is the most viable explanation for the observed Re—Os
compositions of the Rozany ores.

5.3. Comparison with other Ni-Cu—(PGE)
mineralizations of the Bohemian Massif

In the Bohemian Massif, three occurrences of Ni—Cu—
(PGE) mineralizations have been described so far. They
are located in the Variscan Ransko gabbro—peridotite
massif (e.g., Misaf 1974; Pasava et al. 2003; Ackerman et
al. 2013), the Svitavy ultramafic complex (e.g., Kopecky
1992; Pasava et al. 2007) and Kunratice—Rozany dolerites
(Pasava et al. 2001; this study). All these mineralizations
are characterized by the strong predominance of P-PGE
over [-PGE at high, but variable Pd/Pt ratios of 1.4 to
36, which is typical of magmatic—hydrothermal PGE
deposits associated with base-metal sulphides (pyrrhotite,
pentlandite and chalcopyrite). Analysed massive and
disseminated ores from Rozany have total PGE contents
of 0.15-0.20 g/t which is similar to Svitavy (PaSava et
al. 2007), but much lower than Ransko where the rich-
est samples yield almost 1 g/t (PaSava et al. 2003). The
differences between the Ransko and Rozany—Kunratice
mineralizations can be also recognized in the presence
of different PGM. At Ransko, the PGE mineralization
is bound to PtAs, (sperrylite), PdBiTe (michenerite) and
PdBi, (froodite). In comparison, the Rozany—Kunratice
PGE mineralization is characterized by the presence of
Pt—-As and Pt-Te (moncheite) as the main Pt carriers,
whereas Pd is bound to Pd-Bi-Te and Pd-Ni-Bi-Te
phases (this study and Pasava et al. 2001). These dif-
ferences most likely reflect distinct source of Variscan
parental magmas (primitive tholeiitic melts at Ransko
and enriched alkaline intraplate melts in the Lusatian
Granitoid Complex — Abdelfadil et al. 2013) and melt
differentiation.

6. Conclusions

The Ni—Cu—(PGE) mineralization at Rozany (northern
Czech Republic) is hosted by dolerite dykes cross-cutting
Lusatian Granitoid Complex of Cadomian age. New in-
situ LA-ICP-MS U-Pb zircon data for Rozany dolerite
yield an age of 349 + 3 Ma, which is much lower than
previous K—Ar and Pb—Pb ages of ~400 Ma. The reason
for this discrepancy is most likely the observed presence
of inherited zircon cores and/or zircon recrystallization/
partial dissolution during late-stage hydrothermal pro-
cesses. Trace-element and Re—Os isotopic composition
of barren dolerites suggest derivation of the parental
magmas from enriched (metasomatized) mantle source
possibly related to subduction processes. The Ni—Cu—
(PGE) mineralization is represented by pyrrhotite, pent-
landite and chalcopyrite formed as magmatic sulphides
by the separation of sulphur-saturated melts at the final
stages of parental melt differentiation. Common presence
of violarite seems to be connected with hydrothermal
alteration of pentlandite. Detected Pd- and Pt-bearing
platinum-group minerals (PGM) are enclosed not only in
all identified base-metal sulphides, but also in rock-form-
ing silicate minerals and their alteration products (e.g.,
chlorite) indicating that formation of at least some of the
PGM was closely associated with late-stage hydrothermal
remobilization from the primary base-metal sulphides
and/or their enclosed PGM. The I-PGE (Os—Ir—Ru) are
concentrated in Ni-rich ores whereas Pd and Pt tend to be
predominantly concentrated in Cu-rich ores forming their
own PGM. All types of massive and disseminated ores
show highly variable yOs (349 Ma) values from +50 to
+134 contrasting with nearly constant *’"Re/**¢Os values.
This can be best explained by combination of variable
incorporation of crustal material to parental melt and
post-crystallization modification of Re—Os systematics by
hydrothermal processes leading to removal of rhenium.
In comparison to the Ransko Ni—~Cu—(PGE) mineraliza-
tion, the Rozany locality is characterized by much lower
platinum-group element contents. The difference in iden-
tified PGM is slight, though, as the main PGE-carriers in
Rozany—Kunratice are also Pt—As, Pt(Pd)-Te, Pd—Bi—Te
and Pd—Ni-Te phases.
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