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Abstract: Miedzianka-Ciechanowice is a hydrothermal vein-type quartz, quartz-carbonate, and baryte-sulfide de-
posit in the eastern metamorphic cover of the Karkonosze granite of the Sudetes. A polymetallic Cu-Zn-Pb-As-
Sn+Bi+Ag mineralization has been identified. The main ore minerals include chalcopyrite, bornite, sphalerite,
members of the tetrahedrite group, galena, chalcocite, pyrite, arsenopyrite, mawsonite, and stannoidite. Several
previously unknown mineral phases from this deposit have also been discovered. Miedzianka-Ciechanowice is
the second location in Poland where the presence of Bi-rich tennantite-(Zn) has been confirmed. Furthermore,
a few analyses of Bi-dominated tetrahedrite group minerals have indicated the presence of annivite (not officially
approved by the Commission on New Minerals, Nomenclature and Classification). Various silver minerals are also
found in the study area, including hessite, cervelleite, native silver, stromeyerite, acanthite, mckinstryite, proustite,
selenojalpaite, and naumannite within baryte veins. The association of both Bi-rich tetrahedrite-group minerals
and silver minerals hosted by baryte veins is very rare in the Sudetes. The aim of this study is to provide composition-
al data on the dominant mineral paragenesis in the deposit, represented by the Cu-Zn-Pb-Sn+Bi+Ag assemblage.

Keywords: Miedzianka-Ciechanowice, Bi-rich tetrahedrite group minerals, silver assemblages, tin-bearing sul-
fides, hydrothermal mineralization

INTRODUCTION Mikulski 2005, 2010, Madziarz 2009a, Mochnacka

etal. 2009, 2012, Priek et al. 2019). The main object
The Miedzianka-Ciechanowice deposit is one of of mining was hydrothermal polymetallic veins
many hydrothermal polymetallic deposits in the  which have been exploited for hundreds of years
Sudetes (Zimnoch 1978, Piestrzynski et al. 1992,  (Dziekonski 1972, Madziarz 2009a, 2009b, 2010)
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similarly to other locations in the Karkonoszelze-
ra Massif: Redziny - disseminated mineralization
in amphibolites and phyllites (Pieczka et al. 2006,
Golebiowska et al. 2012), Chetmiec - hydrother-
mal vein-type carbonate-sulfide deposit (Paulo
1973, Muszynski et al. 2023), Radzimowice - vein-
type deposit (Mikulski 2005, 2007), Czarnéw -
quartz-sulfide vein-type deposit (Mikulski 2010),
and Grudno - hydrothermal quartz (Paulo &
Salamon 1972). Many of these deposits have not
been sufficiently mineralogically studied by mod-
ern methods due to the cessation of mining and
lack of economic importance. In the Miedzianka-
Ciechanowice area of the Rudawy Janowickie
Mountains, several dozen Cu-, Pb-, and Zn-bear-
ing hydrothermal polymetallic veins, local-
ly enriched in Ag, associated with late-Variscan
granite magmatism have been documented
(Mochnacka et al. 2012). The polymetallic miner-
alization in this deposit is associated with a hydro-
thermal quartz-carbonate-baryte-vein (Siuda &
Golebiowska 2011, Mochnacka et al. 2012), which
contains various mineralizations, including base
metal sulfides, tin, bismuth, silver, uranium, and
rare earth elements (Zimnoch 1978, Siuda & Gote-
biowska 2011, Mochnacka et al. 2012, Siuda 2012).
This paper presents new data on the miner-
alogy, geochemistry, and mineral associations
of the Miedzianka-Ciechanowice hydrother-
mal polymetallic vein deposit. Its aim is to pro-
vide compositional data on the dominant miner-
al paragenesis in the deposit, represented by the
Cu-Zn-Pb-Sn+Bi+Ag assemblage.

LOCALITY
AND GEOLOGICAL SETTING

The research area is located in southwestern Po-
land, between the villages of Miedzianka and Cie-
chanowice in the eastern part of the Karkonosze-
Izera Massif (Mochnacka et al. 2012). This area is
situated in the northern part of the Rudawy Jano-
wickie Mountains, which form the eastern meta-
morphic cover of the Karkonosze Granite (Siuda
& Golebiowska 2011). This mountain range is di-
vided into three units: metasedimentary-volcanic
Kowary-Czarnéw unit with Kowary gneisses,
the Leszczyniec volcanic unit, and the phyllite

Przybkowice unit(Kozdr6j2003). The Miedzianka-
Ciechanowice area is composed mainly of amphi-
bolites and amphibolite schists, with small inserts
of mica schists and quartz-sericite schists, green-
stones and skarns (Siuda & Gotebiowska 2011)
from the Kowary-Czarnéw unit (Kozdréj 2003)
(Fig. 1). Subsequently emplaced dyke rocks, in-
cluding rhyolites, intersect amphibolite, green-
stones, amphibole schists and quartz-sericite
schists. These dyke rocks are associated with the
Karkonosze Granite intrusion (Siuda & Gote-
biowska 2011). The metamorphic rocks of the en-
tire region were metamorphosed during the Va-
riscan orogeny prior to the emplacement of the
Karkonosze granite (Mazur et al. 2010). The Mie-
dzianka-Ciechanowice deposit is associated with
the Intra-Sudetic fault located in the northeastern
part of the area (Teisseyre 1968). There is a system
of parallel NW-SE faults within the deposit that
are connected with the accommodated tecton-
ic movements during a late stage of the Variscan
orogeny (Teisseyre 1968).

Two types of ore mineralization have been rec-
ognized in the Miedzianka-Ciechanowice area
(Zimnoch 1978, Mochnacka 1982). The first is
skarn type: magnetite-sphalerite-pyrite mineral-
ization occurring in the western and southwestern
parts of the village of Miedzianka. Its formation is
related to the metamorphism and metasomatism
of lenses of carbonate rocks in contact with the
Karkonosze granite intrusion. This type of ore in-
cludes magnetite, sphalerite, pyrite, and pyrrho-
tite (Mochnacka 1982).

The second, hydrothermal type, which is the
subject of this work, is associated with polymetallic
vein-type mineralization and is more widespread
than the first type. Quartz, quartz-calcite, calcite,
dolomite, and baryte veins are found throughout
the area. Mainly quartz and quartz-calcite veins
are ore-mineralized. The ore veins trend W-E and
dip to the N or S (Zimnoch 1961). Forty-one veins
have been discovered in the Miedzianka-Ciecha-
nowice deposit, whose thicknesses range from
0.01 to 3 meters (Madziarz 2010). In the west-
ern field, Cu-bearing hydrothermal quartz and
quartz-calcite veins with uranium and tin min-
erals are found along with skarns (Mochnacka
et al. 2012).
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Fig. 1. Geological structure of the Miedzianka-Ciechanowice area (modified from Siuda & Golebiowska 2011)

The eastern field, near the village of Ciecha-
nowice, is known for its diverse mineral associ-
ations, including copper, silver, bismuth, cobalt,
and tin minerals (Mochnacka et al. 2012). These
minerals are hosted in quartz, quartz-calcite, cal-
cite, dolomite, and baryte veins. Rare pink bary-
te veins were reported in the southeastern part of
the Miedzianka deposit (this study). The northern
part of the Miedzianka ore field, located on the
opposite side of the Bobr River, is characterized
by Pb-Zn mineralization (Mochnacka et al. 2012).
Ore mineralization forms irregular, massive ac-
cumulations in quartz, quartz-calcite, or calcite
veins, rarely veinlets or disseminations in the
host rocks (primarily amphibolite or amphibolite

schists). The main ore minerals in the Miedzianka-
Ciechanowice area are chalcopyrite and bornite
(Mochnacka et al. 2012).

MATERIALS AND METHODS

Samples of quartz, quartz-calcite, calcite, calcite-
dolomite, and baryte veins containing ore miner-
alization with Cu-Zn-Pb-Sn-BitAg paragenesis
were collected from old dumps of the Einigkeit,
Hoffnung, Segen Gottes, Friederike-Juliane,
Feliks, Alter Julianner, and Neu Adler shafts
(Fig. 1) in the Miedzianka ore field. Various tex-
tures of ores from the Miedzianka-Ciechanowice
deposit are observed: massive, nested, veinlet, and
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disseminations. Sixty-five samples were selected

for microscopic reflected light observations, while

21 representative samples were selected for micro-

probe studies.

Microprobe analyses were performed in the
laboratories of the Slovak Academy of Sciences
in Banska Bystrica and at the National Museum
in Prague, using a JEOL Super Probe JXA-8230
and a Cameca SX-100 microanalyzer, respective-
ly. The analyses were performed using the WDS
method under the following conditions: accel-
erating voltage of 20 kV (Banskd Bystrica) and
25kV (Prague), beam current of 20 nA, and beam
diameter of 1 pm. The following standards and
analytical lines were used: PbMa, AgLa, SbLa,
InLa, TeLa, SnLa, ClKa, CuKa, SKa, ZnKa,
FeKa, CoKa, NiKa, BiMP, CdLa, AuMa,
BaMa, CaMa., CrKa., AsLf, SeLp, GaLa, GeLa,
NaKa, PKa, MnKa, HgLa, and TlLa. The fol-
lowing analytical conditions were applied for the
oxygen-bearing phases: 15 kV accelerating volt-
age, 10-20 nA beam current, and 2-10 um beam
diameter.

The following standards and analytical lines
were used:

— for carbonates: AlKa, BaLo, CaKa, CoKa,
FeKo, CuKo, MnKo, NaKo, NiKoa, PKa,
PbMa, SKa,, SiKa., and ZnKay;

— for baryte: CaKa,, PbMa, SrLp, MgKa., SiKa,
NaKoa, AlKa., FeKa, BaLa, and SKa;

— for monazite: ZrLa, PKa, YLa, NaKa, SiKa,
AsLo, AlKa, SrLp, CeLa, Lala, CaKa,
ThMa, SKo, UMa, BaLo, BiMa, MnKa,
TiKa, PbMa, KKa, ClKa, NdLB, SmLa., FKa,
PrLp, GdLa, YbLa, ErLa, DyLp, EuLa, TbLa,
TmLa, MgKa, LuMp, HoMp, FeKa, CuKa,
ScKa, VKo, and HfMay;

— for uraninite: CaKa, ThMa, SKa, UMa,
PbMa, PKa, YLa, NaKa, SiKa, AlKo, LuM§,
HoM, YbLo, ErLa, DyLp, EuLa, TbLa,
TmLa, GdLa, SmLa, NdL(B, CeLa, LaLla,
MnKao, TiKa, and BaLa.

RESULTS

The studied ore mineralization, which contains
a Cu-Zn-Pb-Sn+Bi+Ag paragenesis, is primari-
ly dominated by massive aggregates of chalcopy-
rite in quartz, quartz-calcite veins (Fig. 2A), or

massive bornite in quartz-calcite, calcite-dolomite
(Fig. 2B), and baryte veins. Two types of baryte,
including white (baryte I) and pink (baryte II),
were discovered (Fig. 2C). The most common ore
minerals are chalcopyrite and bornite, which form
macroscopically visible, usually irregular aggre-
gatesup to4 cmand 1 cmin size, respectively. Mas-
sive bornite-chalcocite accumulations up to 0.5 cm
were also observed. Chalcopyrite and bornite form
intergrowths with sphalerite, members of the tet-
rahedrite-tennantite series, chalcocite, galena, ar-
senopyrite, and 16llingite. During the laboratory
research (microscope studies and EMP analyses),
mawsonite, stannoidite, bismuth, wittichenite,
betekhtinite, cubanite, clausthalite, monazite, hes-
site, cervelleite, native silver, stromeyerite, acan-
thite, naumannite, mckinstryite, selenojalpaite,
proustite, very rare Bi-rich TGM (tetrahedrite
group minerals), and annivite were also discov-
ered. Silver minerals and native silver are main-
ly associated with massive bornite-chalcocite
ore and form irregular aggregates, veinlets, inter-
growths with other silver phases, and elongated
or irregular inclusions. The Bi-rich TGM form
brighter zones within tennantite-(Zn). The parage-
netic sequence resulting from this study is shown
in Figure 3, and the minerals will be described in
the following sections of the paper according to
this sequence. The chemical analyses are included
in Appendix 1, and the chemical formulas of the
minerals are provided in Appendix 2 (the appen-
dices are available online as a supplementary file to
the article). The mineral abbreviations used in this
study follow the IMA-CNMNC-approved miner-
al symbols proposed by Warr (2021).

Carbonates

Carbonates are very common in the Miedzianka-
Ciechanowice deposit, where calcite, dolomite,
and ankerite are observed. Calcite, which is the
most abundant, forms veins and veinlets with-
in amphibolite, greenstones, amphibolite, and
quartz-sericite schists. It sometimes creates
coarse-grained aggregates that intergrow with
white baryte and rare ankerite. Calcite is usual-
ly associated with quartz or dolomite, forming
quartz-calcite veins in the western part of the de-
posit, while calcite-dolomite veins predominate in
the eastern part.
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Fig. 2. Types of hydrothermal ore veins in Miedzianka-Ciechanowice deposit: A) massive chalcopyrite aggregates in quartz-
calcite vein; B) calcite-dolomite vein; C) two types of baryte: white (Bar 1) and pink (Bar II)
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Fig. 3. Mineral succession of Cu-Zn-Pb-As-SntBi+tAg mineralization from Miedzianka-Ciechanowice deposit based on results
of this study (thicker lines refer to the main minerals; thinner lines indicate less widespread and rare minerals)
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Calcite contains low concentrations of Mn (up
to 0.03 apfu), Fe (up to 0.01 apfu), and Mg (up to
0.01 apfu). Other admixtures occur in very low
concentrations of less than 0.01 apfu.

Dolomite is usually coarse-grained and occurs
with calcite, forming calcite-dolomite veins and
veinlets. Pure dolomite is very rare and occurs as
thin veinlets that do not contain any mineraliza-
tion. Additionally, the coarse-grained dolomite
also forms intergrowths with white baryte and
ankerite and contains significant admixtures of
Fe (up to 0.12 apfu) and Mn (up to 0.08 apfu). The
concentrations of Al, Zn, Na, Si and Ba are very
low and do not exceed 0.01 apfu.

Ankerite is very rare and occurs as fine-
grained intergrowths with coarse-grained calcite
and dolomite. It rarely forms tiny veinlets within
bigger calcite-dolomite veins, which contain only
low contents of Na (up to 0.01 apfu). Concentra-
tions of the other admixtures are below 0.01 apfu.

Baryte

Two types of baryte were discovered in the stud-
ied location. The most widespread is white bary-
te (baryte I) which occurs as veins and veinlets up

to several cm thick. Coarse-grained baryte some-
times intergrows with calcite and less abundant
dolomite or encloses them. The baryte I veins are
nearly pure with a simple texture, rarely showing
macroscopically visible base-metal mineralization.
It generally shows no deformation features. Occa-
sionally, it hosts base-metal sulfides, especially
bornite II and tin sulfides, bismuth or wittichenite.
White baryte from Miedzianka-Ciechanowice ex-
hibits low admixtures of Sr (up to 0.03 apfu), Na
and Ca (up to 0.01 apfu). The contents of Al, Mg,
Mn, and Pb are very low, less than 0.01 apfu.

Pink baryte (baryte II) is very rare and usu-
ally occurs as tiny veinlets and generally shows
no deformation features. Similarly to baryte I, it
does not create complex textures and occasionally
contains macroscopically visible ore mineraliza-
tion; mainly bornite IT and chalcocite, rarely wit-
tichenite and mawsonite II. Baryte II hosts sepa-
rate subhedral grains of native silver up to 80 pm
and various other Ag-rich minerals. It contains
higher contents of Sr up to 0.06 apfu (Fig. 4) and
lower contents of Ca and Na (up to 0.01 apfu). The
other admixtures occur in very low concentra-
tions, similarly to baryte I.
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_ 005+ o
> [ 1
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Fig. 4. Diagram of Ba vs. Sr substitution in baryte I and II from Miedzianka-Ciechanowice
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Pyrite

Pyrite is one of the main sulfide minerals in the
deposit. Two generations of pyrite have been dis-
covered. The first generation forms separate, sub-
hedral grains up to 200 um disseminated in chal-
copyrite I in quartz, quartz-calcite veins. These
grains are usually cracked, and the cracks are
sometimes filled with chalcopyrite I. Pyrite I is
occasionally associated with sphalerite I and II,
members of tetrahedrite group minerals, and ga-
lena I and II in calcite-dolomite gangue. Crystals
of pyrite I up to 150 pm have also been found in
arsenopyrite. The second generation occurs in ev-
ery type of ore vein. It forms tiny, idiomorphic
grains up to 50 um in bornite II. Pyrite II is ac-
companied by members of tetrahedrite-tennantite
series, chalcopyrite II. Both generations of pyrite
are chemically pure.

Arsenopyrite

Arsenopyrite is a common mineral and occurs in
quartz and quartz-calcite veins. It usually forms
massive aggregates up to 300 pm in size as well
as separate idiomorphic grains. The grain size of
arsenopyrite varies significantly, ranging from 20
to 200 pm. The arsenopyrite aggregates contain
grains of pyrite up to 150 um and tiny crystals of
chalcopyrite I, tennantite and cubanite. Arsenopy-
rite grains are sometimes overgrown by younger
lollingite (Fig. 5A). It is usually chemically pure, al-
though some grains contain small contents of Cu
(up to 0.01 apfu) without any zoning visible in BSE
(Backscattered Electrons) images. The empirical
formula of arsenopyrite, based on 1 cation, could be
Written as (Fe0.997l.Oocu0.0070401)Z:1,OOASO.9770,99SO.9971.01'

Sphalerite

Sphalerite is a widespread mineral in the Mie-
dzianka-Ciechanowice deposit. Two genera-
tions of sphalerite (Fe-rich and Fe-poor) have
been distinguished. The older, Fe-rich sphaler-
ite I occurs as intergrowths with chalcopyrite I,
reaching up to 800 um in quartz and quartz-
calcite veins. Intergrowths of both generations of
sphalerite are very rare and occur in calcite-dolo-
mite veins. These intergrowths contain tiny, usu-
ally elongated inclusions and veinlets of chalco-
pyrite I (Fig. 5B). Grains of older sphalerite I are

sometimes surrounded by chalcopyrite I and show
the presence of cracks and voids. Sphalerite I is ac-
companied by bornite I, galena I, members of tet-
rahedrite group minerals (especially Bi-enriched
tetrahedrite group minerals), mawsonite, and
stannoidite. It contains significant contents of
Fe (up to 0.08 apfu), Cu (up to 0.08 apfu) and
Co (up to 0.01 apfu). The empirical formula of
sphalerite I, based on 1 cation, could be written as
(Zn0.83—0.96Fe0402—0.08CuO.OZ—0.08)2:0.99—1.0080.98—1.03‘

The Fe-poor sphalerite II occurs mainly as
veinlets in quartz and calcite veins and inter-
growths with bornite II up to 500 um, and rare-
ly chalcocite in calcite-dolomite veins. It is asso-
ciated with chalcocite, arsenopyrite, 16llingite and
wittichenite. The Fe-free sphalerite II occurs with
members of tetrahedrite group minerals, espe-
cially Bi-free tennantite-(Zn), tetrahedrite-(Zn)
and tetrahedrite-(Fe). Cracks in sphalerite II are
filled with younger chalcocite and galena II vein-
lets (Fig. 5C). Sphalerite II contains low contents
of Cd (up to 0.03 apfu), Fe (up to 0.02 apfu) and
Cu (up to 0.01 apfu). The empirical formula of
sphalerite II, based on 1 cation, could be written as

(Zn094—1A00Cd0400—0403FeOA00—0A02cu0400—0.01)2:1008096—1‘02‘

Chalcopyrite

Chalcopyrite is the most widespread mineral in
the Miedzianka-Ciechanowice deposit. Two gen-
erations of chalcopyrite have been discovered.
Chalcopyrite I forms nest-like, massive, and ir-
regular aggregates up to 2 mm in quartz, quartz-
calcite, and calcite-dolomite veins. It usually cre-
ates intergrowths with sphalerite I (Fig. 5B), II,
bornite I, tetrahedrite-tennantite series, pyrite
and galena L. It contains tiny inclusions of pyrite,
members of tetrahedrite group minerals, bismuth,
mawsonite, stannoidite and I6llingite. This miner-
al also creates tiny veinlets in pyrite and sphaler-
ite I. Chalcopyrite I is sometimes accompanied by
monazite and contains low contents of Co (up to
0.01 apfu). The empirical formula (based on the
sum of two cations) of chalcopyrite I is (Cu, g, ,
Fe0.9671401C00.0070.01)222.0081.9572.03'

Younger chalcopyrite IT usually occurs as scat-
tered euhedral and subhedral grains in bornite II
aggregates, mostly in calcite-dolomite and baryte
veins; however, it is also present in minor amounts
in quartz-calcite veins.
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Ty
Bi-rich Tnt-(Z&)
Bi:2.20 x\r,“

Bi-rich_Lat-(
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Fig. 5. Back-scattered electron (A, C, G, H) and reflected-light (B, D-F) images illustrating the main features of mineral as-
semblages: A) lollingite surrounding arsenopyrite crystals with galena II in calcite-dolomite vein; B) intergrowths of chalcopy-
rite I with sphalerite I and tetrahedrite-(Fe), crystals of galena I and inclusions of bornite I in quartz vein; C) intergrowths of
chalcocite with sphalerite I and galena II veinlets in calcite vein; D) aggregate of bornite I with accumulation of chalcocite
and mawsonite II with tiny crystals of chalcopyrite II in calcite vein; E) chalcopyrite II cutting tetrahedrite-(Zn) aggregate in
quartz-calcite vein; F) intergrowths of bornite II with chalcocite, tennantite-(Zn) with mawsonite 1I in calcite-dolomite vein;
G) Bi-rich tennantite-(Zn) in the central part of intergrowth of tennantite-(Zn) with galena II in calcite vein; H) zonal Bi-rich
tennantite-(Zn) with Bi-poor tennantite-(Zn) and galena Il in calcite vein
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It forms fine intergrowths with bornite II
(Fig. 5D), and subhedral grains up to 300 um, which
form streaks in bornite IT aggregates. It also forms
tiny veinlets in bornite II, members of tetrahedrite
group minerals (Fig. 5E) and chalcocite. Chalcopy-
rite ITis accompanied by chalcocite, members of tet-
rahedrite group minerals and tin sulfides. It some-
times replaces bornite II and arsenopyrite grains.
Chalcopyrite II also contains inclusions of chalcoc-
ite and galena II and is chemically pure. The em-
pirical formula (based on the sum of two cations)
Of Chalcopyrite II iS (Cul.0071401FeO.9971400)222.008149871.99'

Tetrahedrite group minerals

Members of tetrahedrite group minerals (TGM)
were found in quartz and quartz-calcite-dolomite
veins. They occur as subhedral grains varying
in size 50-300 pm and aggregates up to 600 pm,
usually overgrown with chalcopyrite I and borni-
te II. They are accompanied by sphalerite I and II,
galena I and II, chalcocite, mawsonite, 16lling-
ite, and bismuth. Tiny inclusions of TGM up to
40 pm were discovered in chalcopyrite I aggre-
gates. Two compositional sub-groups were distin-
guished: Bi-poor and Bi-rich TGM. Four minerals
represent Bi-poor TGM: tetrahedrite-(Zn), tetra-
hedrite-(Fe), tennantite-(Zn), and tennantite-(Fe)
(Fig. 6A). Microprobe analyses revealed a pre-
dominance of Zn members over Fe ones (Fig. 6B)
and that tennantite is more abundant than tetra-
hedrite. The EPM analyses also indicate a wide
range of Zn <> Fe substitution (Fig. 6B). Tetra-
hedrite-(Zn) and tetrahedrite-(Fe) are rare and
form intergrowths with tennantite-(Zn), chalco-
pyrite I, and sphalerite I (Fig. 5B) and II, or are
are cross-cut by younger chalcopyrite II (Fig. 5E).
They rarely create tiny inclusions within maw-
sonite II. The amount of Zn ranges from 1.57 apfu
to 2.20 apfu in tetrahedrite-(Zn) and from
0.82 apfu to 0.96 apfu in tetrahedrite-(Fe). The
content of Fe ranges from 0.15 apfu to 0.62 apfu in
tetrahedrite-(Zn) and from 1.16 apfu to 1.21 apfu
in tetrahedrite-(Fe). Tetrahedrite-(Zn) and tetra-
hedrite-(Fe) contain some small amounts of Ag
(up to 0.03 apfu) and Pb (up to 0.01 apfu). More-
over, tetrahedrite-(Zn), which forms tiny inclu-
sions in mawsonite II, has a significant content of
Bi (up to 0.42 apfu). Oscillatory zonation caused
by Bi enrichment is clearly visible in BSE images,

with brighter zones containing higher amounts of
Bi than darker zones. Tennantite-(Zn) is the most
common member of tetrahedrite group miner-
als. It forms intergrowths with chalcopyrite I,
bornite II and chalcocite (Fig. 5F), and subhedral
grains. It isaccompanied by mawsonite I, sphaler-
ite I and II, l6llingite, galena I and II, wittichenite
or stromeyerite, and native silver. The amount of
Zn ranges from 0.94 apfu to 2.17 apfu, while the
content of Fe ranges from 0.11 apfu to 1.06 apfu.
Tennantite-(Zn) is enriched with Bi (content of Bi
reaches up to 0.98 apfu) and contains admixtures
of Pb (up to 0.06 apfu) and Ag (up to 0.03 apfu).
Moreover, a wide range of As <> Bi substitution
is clearly visible (Fig. 6C). Tennantite-(Fe) is rare
and occurs as inner zones that are surrounded by
tennantite-(Zn). In addition, it is usually accom-
panied by Fe-free sphalerite II. The content of
Zn ranges from 0.46 apfu to 1.21 apfu, while the
amount of Fe ranges from 0.90 apfu to 1.44 apfu.
It contains high contents of Bi (up to 0.61 apfu)
and low amounts of Ag (up to 0.02 apfu). The av-
erage empirical formula based on 16 cations for
tetrahedrite-(Zn) is (CulomAgo.ozzn1.70Feo‘27)2:12‘00
(Sb, ,5AS, 6By 0o)s_4 0051266 fOr tetrahedrite-(Fe) is
(Cu9.91AgO.OZFeL19zn0.88)2:12.00(sz.15Asl485)2:4.00813.94’
for tennantite-(Zn) is (Cu,, 1,Agy 1,210, 3.F€061)5-12.00
(Sby 15AS; 4sBi) 57)5 4 00512 56> and for tennantite-(Fe) is
(Cuw.osAgo.mFe1A1szn0A7s)z:12Aoo(SboA17A53.77Bi0.06)z:400
S,, - According to the classification of the tetra-
hedrite group (Biagioni et al. 2020), tetrahedrite-
group compositions with an S content not ex-
ceeding 12.50 apfu (27 analyses) are classified as
keno-members (Fig. 6D). The EMP analyses in-
dicatedthepresenceofkeno-tetrahedrite-(Fe),keno-
tennantite-(Zn) and keno-tennantite-(Fe).

Within tennantite-(Zn) in the calcite vein, very
rare Bi-rich tennantite-(Zn) with a Bi content great-
er than 1.00 apfu was discovered. It is accompanied
by tennantite-(Zn), Se-enriched galena II (Fig. 5G),
Fe-rich sphalerite I, chalcopyrite I, bismuth, and
wittichenite. It usually occurs as brighter zones up
to 25 um thick, enriched in bismuth within tennan-
tite-(Zn), and rarely forms tiny zonal grains up to
20 um. Zonation in Bi-rich tennantite-(Zn) is relat-
ed to the Bi content, which reaches up to 26.44 wt.%
(2.20 apfu) (Figs. 5H, 6C). These zones occasionally
exhibit Bi contents surpassing those of As, classify-
ing these domains as annivite-(Zn).
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All Bi-rich tennantite grains and annivi-
te also contain elevated contents of Ag, reaching
up to 0.09 apfu. The average empirical formula
based on 71 analyses and 16 cations for Bi-rich
tennantite-(Zn) to annivite-(Zn) is (Cu,,,,Ag, s
Zn1.54FeoA42)z:12.00(Sb0.17A52A40B11A43)z:400812.88'

Bornite

This mineral is widespread in the research area.
Two generations of bornite have been discov-
ered. Bornite I occurs in quartz and quartz-
calcite veins. It forms small intergrowths with
chalcopyrite I, sphalerite I and pyrite up to 150 um
or fine, subhedral grains up to 100 um in chalco-
pyrite I aggregates. It is accompanied by members

of tetrahedrite group minerals and galena I. Bor-
nite I is characterized by the presence of Cu <> Fe
substitution. This generation contains higher con-
tents of Fe and slightly lower contents of Cu than
bornite II. Bornite I also contains only a small
amount of Zn (up to 0.02 apfu). The empirical
formula of bornite I, based on 6 cations, could be
written as Cu4.80-4A89Fel.09-1Azozn0.00-04028415-430'
Younger bornite II is more abundant and forms
massive aggregates up to 1.5 mm. It also creates
intergrowths, usually with chalcocite (Fig. 5F) in
quartz-calcite, calcite, calcite-dolomite, and bar-
yte veins. Bornite II is accompanied by chalco-
pyrite II, sphalerite II, members of tetrahedrite-
tennantite series, betekhtinite, galena II, l6llingite,
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arsenopyrite, wittichenite, stromeyerite, mawson-
ite, and stannoidite (Fig. 5D). Tiny inclusions of
mawsonite up to 50 pm (Fig. 7A),and stannoidite are
very common in bornite II aggregates, while bigger
irregular aggregates are rare. Moreover, subhedral
grains of chalcopyrite IT and 16llingite form streaks
within massive bornite II. Veinlets of stromeyerite,
chalcopyrite II, and tin sulfides were also discov-
ered. In bornite-chalcocite aggregates accompa-
nied by stromeyerite, rare silver phases (native
silver, naumannite, hessite, cervelleite, mckin-
stryite, selenojalpaite, and proustite) were found.
Bornite II is sometimes replaced by chalcocite. It
contains significant contents of Ag (up to 0.04 apfu)
and Bi (up to 0.02 apfu). The empirical formula of
bornite II, based on 6 cations, could be written as

Cu4A9I—SAOSFeOSS—1A03Ag0A00—0A04B10400—OAOZS3A81—4A06'

Chalcocite

This mineral is common only in the Friederike-Ju-
liane dump in the southeastern part of the de-
posit where bornite-chalcocite ore has been de-
scribed. Chalcocite forms irregular aggregates up
to 500 um and intergrowths with bornite II up to
800 um (Fig. 7B), and rarely sphalerite II or
betekhtinite (Fig. 7C-D) in calcite-dolomite and
baryte veins. It sometimes replaces bornite II ag-
gregates. It is accompanied by members of tet-
rahedrite group minerals, 16llingite, galena II,
mawsonite II, stannoidite II, and wittichenite.
The presence of silver minerals within bornite-
chalcocite aggregate in baryte II has also been
confirmed. The most common is stromeyerite,
which forms tiny veinlets, although intergrowths
of native silver with chalcocite up to 100 pm were
also found. Chalcocite also contains tiny inclu-
sions of acanthite, naumannite, and cervelleite
up to 20 um. The chalcocite aggregates are some-
times cut by younger mawsonite-stannoidite II
and chalcopyrite II veinlets. This mineral is close
to the theoretical chemical composition and con-
tains only small contents of Fe (up to 0.02 apfu)
and Ag (up to 0.01 apfu). The empirical formula of
chalcocite, based on the sum of 2 cations, could be
written as (Cu, o9, 00F€( 09_0.05A80.00-0.01)3-2.0051.001.01-

Betekhtinite

This mineral occurs as intergrowths up to
600 pm with older bornite II and chalcocite
(Fig. 7C,D) in calcite and calcite-dolomite veins.

It is accompanied by sphalerite II, galena II, and
lollingite. Betekhtinite contains more Pb (up
to 0.83 apfu) than Fe (up to 0.44 apfu) as well
as admixtures of Ag (up to 0.04 apfu), As (up to
0.02 apfu), Se (up to 0.02 apfu), Bi (up to 0.01 apfu),
and Sb (up to 0.01 apfu). The empirical formula of
betekhtinite could be written as (Cuy ,,Pb,; o

Fe0.41—0.44))::10.9086420—6.40'

Native bismuth

Native bismuth forms fine, irregular aggregates
(up to 80 um) in massive chalcopyrite I, and in-
tergrowths with galena I and TGM in quartz and
calcite veins. It also occurs as fine, subhedral in-
clusions (up to 40 pum) within galena I and mem-
bers of tetrahedrite-tennantite series. Bismuth is
chemically homogeneous.

Wittichenite

It is a rare mineral that was discovered in calcite
and baryte veins in the dump of the Friederike-Ju-
liane shaft in the southeast part of the deposit. Wit-
tichenite creates thin veinlets (up to 80 um thick)
with younger stromeyerite up to 800 pum in length
(Fig. 7E), rarely forms intergrowths with borni-
te IT and chalcocite, or bigger, irregular aggregates
up to 400 pm in massive bornite II. It is usually
accompanied by sphalerite IT and minor amounts
of léllingite and members of tetrahedrite group
minerals, especially Bi-enriched tennantite-(Zn).
Wittichenite contains significant amounts of Pb
(up to 0.06 apfu), Se (up to 0.04 apfu) and Ag (up
to 0.03 apfu). The general formula of wittichen-
ite, based on the sum of 4 cations, could be writ-
ten as (CuZA98—3A04Bi0A93—0A96Pb0A00—0A06Ag0A00—0A03)Z:4A00

(82.86—2.94SeO.00—0.04)Z=2490—2.94‘
Galena

Galena is a widespread mineral in the studied sam-
ples; however, it usually occurs in minor amounts in
the Miedzianka-Ciechanowice deposit. Two gener-
ations of this mineral have been discovered.

Galena I occurs as tiny euhedral and subhe-
dral, separate grains up to 100 pum, and bigger
aggregates up to 300 um in size in hydrothermal
quartz and quartz-calcite veins. It also forms in-
tergrowths with chalcopyrite I, sphalerite I, bor-
nite I, TGM, pyrite, arsenopyrite and 16llingite.
Galena I contains tiny inclusions of bismuth and
sometimes fills the cracks in pyrite.
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Fig. 7. Reflected-light (A-D, H) and back-scattered electron (E-G) images illustrating the main features of mineral assemblages:
A) aggregate of bornite II with veinlets and inclusions of mawsonite II and chalcocite in calcite-dolomite vein; B) intergrowths
of bornite II with chalcocite and accumulation of mawsonite 11 in baryte vein; C) intergrowths of chalcocite with bornite I and
betekhtinite with tiny grains of galena II in calcite-dolomite vein; D) intergrowths of bornite 1I with chalcocite and betekh-
tinite with inclusions of léllingite and sphalerite Il in calcite-dolomite vein; E) wittichenite-stromeyerite veinlets in baryte vein;
F) intergrowths of uraninite with chalcopyrite II and mawsonite 1I in calcite-dolomite veinlet; G) spheroidal uraninite with
mawsonite 1I in calcite-dolomite veinlet; H) aggregate of chalcopyrite I overgrown by younger stannoidite I and inclusions
of mawsonite I in quartz-calcite vein
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Fine subhedral grains of galena I have signif-
icant admixtures of Bi (up to 0.05 apfu), and Cu
(up to 0.03 apfu), while bigger irregular aggregates
and intergrowths of this mineral contain small
contents of Fe, Cu and Bi (up to 0.02 apfu) and Zn
(up to 0.01 apfu). The empirical formula of galena,
based on 1 cation, could be written as (Pb 4, ;.
Bi040070405CuO.OOfO.OSFe040070.OZZn040070401)Z:1.008049871.01'

Galena II occurs in calcite, calcite-dolomite,
and baryte veins and rarely in quartz-calcite veins.
It forms subhedral grains up to 150 pm or inter-
growths with bornite II, chalcocite, TGM, Bi-rich
TGM, and betekhtinite. Galena II is rarely accom-
panied by silver minerals, including stromeyerite,
acanthite, and naumannite. It also encloses inclu-
sions of acanthite and rare clausthalite. Galena II
has significant contents of Ag (up to 0.04 apfu), but
increased Se concentrations (up to 0.02 apfu) were
also detected in smaller, subhedral grains with
clausthalite. The empirical formula of galena II,
based on 1 cation, could be written as (Pb,_, 4,

Ag0400—0404)2:1.00(80.96—14008e0400—0402)2:0.98—1400'
Uraninite

This mineral usually occurs in calcite-dolo-
mite veinlets. Uraninite forms intergrowths with
younger chalcopyrite IT and mawsonite II (Fig. 7F)
or creates characteristic spheroidal aggregates
accompanied by mawsonite II (Fig. 7G). It con-
tains significant contents of Ca (up to 0.20 apfu),
Ti (up to 0.06 apfu) and low admixtures of Y (up
to 0.02 apfu), Pb (up to 0.02 apfu), and Nd (up to
0.01 apfu).

Tin-bearing sulfides

The Sn-bearing sulfides, including mawsonite
and stannoidite, are widespread in the studied
samples and occur in all types of ore veins. They
usually form irregular aggregates, intergrowths,
veinlets, and fine inclusions in chalcopyrite I,
bornite I and II, sphalerite I and II, TGM, gale-
na I, and pyrite. The EMP analyses confirmed
that mawsonite II is the most abundant tin-
bearing sulfide in this paragenesis. Two genera-
tions of these minerals were discovered.
Mawsonite I is rare and creates predominantly
small intergrowths up to 150 pm with chalcopy-
rite I and fine inclusions up to 40 pm (Fig. 7H) in
quartz-calcite veins. It isassociated with sphalerite I,

members of tetrahedrite group minerals, galena I,
and pyrite. It contains small contents of Zn (up to
0.03 apfu). The empirical formula of mawsonite I,
based on the sum of 9 cations, could be written as
(Cu5A90—6A04Fe1.93—2A06snlAOO—1.03ZHOA00—0.03)2:900—90287‘74—8.07'

Mawsonite II, the most common tin sulfide,
forms irregular aggregates up to 200 pm, veinlets
exceeding 1 mm in length that cut through bor-
nite I aggregates, and tiny inclusions in massive
bornite II (Fig. 7A) in calcite-dolomite and bary-
te. It sometimes overgrows the bornite II aggre-
gates (Fig. 9A) and creates bigger accumulations up
to 600 um in size (Fig. 9B). Mawsonite II veinlets
also cut the older chalcocite aggregates (Fig. 7B). It
sometimes occurs as intergrowths and veinlets with
stannoidite II. It is accompanied by TGM, lolling-
ite, chalcopyrite II, sphalerite II, rarely native silver,
and uraninite. It contains small contents of Ag (up to
0.03 apfu). The empirical formula of mawsonite II,
based on the sum of 9 cations, could be written as
(Cu5A80—6.09FelA93—ZA16Sn0A95—lA04Ag0.00—0A03)Z:9A00S7A49—8A12'

Stannoidite I forms irregular aggregates up
to 200 pum, or tiny veinlets and inclusions up to
50 um in chalcopyrite I in quartz-calcite veins.
Rarely, stannoidite fills parts of voids in chalcopy-
rite I (Fig. 7H) and pyrite. Stannoidite I is accom-
panied by sphalerite I, minor amounts of galena I,
and TGM. It is usually chemically pure, with only
a few inclusions containing small contents of Ag
(up to 0.01 apfu). The empirical formula of stan-
noidite I, based on the sum of 13 cations, could be
Written as (Cu7.7277.91FeZ.5072.7081’11.7972.0621’10.5370.79)2:13.00
SIL67—12A11'

Stannoidite II is rare and occurs in bornite II
aggregates. It forms tiny inclusions up to 60 um in
bornite I, intergrowths with mawsonite or creates
stannoidite-mawsonite veinlets cutting bornite II
aggregates (Fig. 9A) in calcite-dolomite and bary-
te veins. Similarly to mawsonite II, stannoidite II
is accompanied by TGM, chalcopyrite II, sphaler-
ite I1, and l6llingite. It is usually chemically pure
and does not contain any admixtures. The empir-
ical formula of stannoidite II, based on the sum of
13 cations, could be written as (Cu,, 4,.Fe, 15,
sn1A93—lA99zn0A7l—0.82)Z:13AOOSl1A26—11.59' A Comparison Of
mineralogical data for tin sulfides from this
work and previous research from Miedzianka-
Ciechanowice and Redziny is presented in the di-
agrams below (Fig. 8).
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Fig. 8. Compositional relationships in the tin-bearing sulfides from the Miedzianka-Ciechanowice (based on 93 analyses) and
Redziny deposits: A) diagram of Cu vs. Cu+Sn; B) diagram of Cu vs. Fe/(Fe+Zn); C) diagram of Cu/(Cu+Sn) vs. Fe/(Fe+Zn);
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Silver minerals

Silver minerals are not very abundant in the samples
studied. Generally, they occur in the dump of the
Friederike-Juliane shaft, and rarely at Neu Adler in
the southeastern part of the Miedzianka-Ciechano-
wice deposit. Silver minerals mostly occur in bary-
telIl, rarely in baryteI, or calcite. They are associated
with bornite-chalcocite aggregates and are some-
times accompanied by tennantite-(Zn) and l6lling-
ite. Silver minerals are represented by sulfides, tellu-
rides, and selenides. Nine minerals were identified,
including hessite, cervelleite, stromeyerite, native
silver, acanthite, mckinstryite, proustite, selenojal-
paite, and naumannite.

Hessite appears to represent the oldest sil-
ver phase in the Miedzianka-Ciechanowice de-
posit. It is a very rare mineral which occurs in

bornite-chalcocite ore and is accompanied by oth-
er silver minerals (mainly stromeyerite) in bary-
te veins; however, one subhedral grain was also
found in a calcite vein. It forms tiny intergrowths
with naumannite up to 15 um in baryte II veins
and is rarely overgrown by naumannite (Fig. 9C).
This indicates that selenide minerals may be
younger than other Ag-bearing phases. It con-
tains low contents of Sb (up to 0.01 apfu) and Se
(up to 0.01 apfu). The empirical formula of hessite,
based on 2 cations, could be written as (Ag, 49 , 00
Sb0.0070.01)2=2.00(Te0.99714008e040070401)2=1.00'

Cervelleite forms tiny intergrowths up to
15 um with hessite and younger naumannite in
baryte II veins (Fig. 9C). The EMP analyses con-
firmed that this mineral is chemically pure. The
empirical formula of cervelleite, based on 4 cat-
ions, could be written as Ag, ,,Te, ,,S, s-
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Fig. 9. Back-scattered electron (C-E, G, H) and reflected-light (A, B, F) images illustrating the main features of mineral assem-
blages: A) aggregates of bornite II overgrown by mawsonite II and inclusions of stannoidite II in calcite-dolomite vein; B) ac-
cumulation of mawsonite II in bornite 1I aggregate with inclusions of lollingite and chalcopyrite II veinlets in calcite-dolomite
vein; C) tiny intergrowth of naumannite, hessite and cervelleite in baryte vein; D) intergrowths of chalcocite with bornite II and
stromeyerite cut by stromeyerite veinlets in baryte vein; E) intergrowths of stromeyerite and mckinstryite in baryte vein; F) irreg-
ular aggregate of native silver with chalcocite and chalcopyrite I accompanied by bornite II, mawsonite II and tennantite-(Zn)
in baryte vein; G) intergrowth of galena II with naumannite in baryte vein; H) monazite-(Ce) in quartz vein
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Stromeyerite is the most common silver min-
eral in the samples studied. It mostly occurs in
baryte II, and rarely in calcite-dolomite veins.
Stromeyerite primarily forms thin veinlets (up
to 80 um thick) with older wittichenite (Fig. 7E)
in bornite II aggregates and host rocks, such as
baryte II or calcite-dolomite veins. The length of
these veinlets varies from 200 to 800 pm. It also
creates intergrowths with bornite II and chalcoc-
ite (Fig. 9D), mckinstryite (Fig. 9E), or proustite.
Stromeyerite veinlets sometimes cut through the
bornite-chalcocite aggregates and are accom-
panied by tennantite-(Zn). Fine grains of acan-
thite are found along the border of stromeyerite
and bornite II. It is sometimes replaced by prous-
tite. Stromeyerite is usually chemically pure and,
except for Fe (up to 0.01 apfu), does not con-
tain any admixtures. The empirical formula of
stromeyerite, based on 2 cations, could be written
as (Ag0‘9670.97cu1.02—1‘04FeO.0070.01)2=2.OOSO.9771.03'

Native silver usually forms irregular aggre-
gates up to 250 um in baryte II. It rarely creates
separate subhedral grains up to 80 um in host
rocks. It is usually associated with bornite II, chal-
cocite, and mawsonite II (Fig. 9F). Native silver is
rarely accompanied by members of tetrahedrite
group minerals, mostly tennantite-(Zn), and chal-
copyrite I It contains small admixtures of S (up
to 0.02 apfu), Hg (up to 0.01 apfu) and Cu (up to
0.01 apfu).

Acanthite is a very rare mineral. It forms tiny,
drop-like inclusions up to 20 pm in galena II
and chalcocite. This mineral also occurs along
the border of bornite II and stromeyerite aggre-
gates. Acanthite sometimes forms very thin ag-
gregates on the surface of bornite II. It contains
low contents of Cu (up to 0.02 apfu) and Fe (up
to 0.01 apfu). The empirical formula of acanthite,
based on 2 cations, could be written as (Ag, o | 4
CuO.OO*O.OZFeO‘OOfO.Ol)2=1.9972.OOSI.04—1.32'

Mckinstryite forms intergrowths with
stromeyerite up to 30 pm in baryte II (Fig. 9E).
It also creates fine inclusions in bornite II, where
it is accompanied by chalcocite, stromeyerite,
and proustite. It contains low contents of Fe (up
to 0.03 apfu). The empirical formula of mckins-
tryite, based on 2 cations, could be written as

(Ag,15Cuy 75F€ 03525 0051 00

Proustite forms fine, anhedral, and subhe-
dral grains up to 30 pum within bornite-chalcocite
aggregates in baryte II. It is accompanied by
stromeyerite and mckinstryite. It rarely creates
intergrowths with stromeyerite, wittichenite and
is accompanied by l6llingite. Proustite sometimes
replaces the older stromeyerite. It contains signif-
icant content of Cu (up to 0.07 apfu) and small
concentrations of Zn (up to 0.02 apfu), Fe (up to
0.02 apfu), and Cd (up to 0.01 apfu). The empiri-
cal formula of proustite, based on 3 cations, could
be written as (Ag, 4,5 9sC 090072100 0.02F€0.000.02
CdOAOO—OAOI)Z:SAOOASOBO—09582‘73—2.94'

Selenojalpaite is very rare, and only two an-
hedral grains up to 20 um were discovered. This
mineral occurs in bornite-chalcocite aggre-
gates, which are cut by stromeyerite-wittichenite
veinlets. It shows increased contents of S (up to
0.45 apfu) and Fe (up to 0.16 apfu). Low admix-
tures of Bi and Pb up to 0.02 apfu were also detect-
ed. The empirical formula of selenojalpaite, based
on 4 cations, could be written as (Ag, ., ; ,,CUy 41 1,
FeO.O770.lﬁBiO.OOfO.OZPbO.OOf0.02)2:4400862.8072.878043770.45'

Naumannite occurs as tiny inclusions up to
20 um in galena IT or as anhedral grains in chal-
cocite. It is usually accompanied by other silver
minerals. This mineral sometimes forms inter-
growths with older galena II (Fig. 9G) and some-
times replaces it. Naumannite rarely overgrows
hessite and creates tiny intergrowths with it up
to 15 pm (Fig. 9C). It contains only low contents
of Cu (up to 0.01 apfu). The empirical formula of
naumannite, based on 2 cations, could be written

as (Ag1.99-2Aoocuo400-0401)2:20086099-1.01'
Lollingite

This mineral occurs in quartz, quartz-calcite,
calcite-dolomite, and rarely in baryte veins. It
forms separate euhedral and subhedral grains
up to 200 um in chalcopyrite I aggregates or cre-
ates veinlets and streaks of tiny subhedral crys-
tals within bornite II, with lengths not exceed-
ing 500 pm (Fig. 9B). Lollingite usually overgrows
older arsenopyrite grains (Fig. 5A). It is accom-
panied by members of tetrahedrite group min-
erals, mawsonite II, galena I and II, rarely chal-
cocite, and chalcopyrite II. Lollingite usually
overgrows older arsenopyrite grains. It contains
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significant contents of Cu (up to 0.06 apfu), Co
(up to 0.02 apfu), Bi (up to 0.02 apfu), and Ni (up
to 0.01 apfu). Lollingite is also chemically vari-
able and contains high contents of S that reach
up to 0.30 apfu. This influences the wide As/S
ratio range from 5.51 (in S-rich lollingite) up to
95.25 (in S-poor l6llingite). The general formula of
l6llingite, based on 1 cation, could be written as

(Fe0.90—0A99CuOA00—0406COOAOO—OAOZBIOAOO—0A02N10A00—0401)Z:1A00

(ASl.64—1.9480.02—0.30)2:1.94—1.964

Cubanite

It is a very rare mineral, and only two tiny subhe-
dral grains up to 35 um were discovered. Cubanite
occurs in arsenopyrite aggregates in quartz veins.
It is accompanied by chalcopyrite I and pyrite. It
does not contain any admixtures. The empirical
formula of cubanite, based on 3 cations, could be
written as Cu gq , o,F€, g6 5025, 612 96-

Clausthalite

It is a very rare mineral that forms tiny, drop-like
inclusions up to 30 um within galena II in cal-
cite-dolomite veins. Galena II with clausthalite is
usually accompanied by chalcopyrite I, sphaler-
ite I, and members of tetrahedrite group minerals.
Clausthalite is characterized by a varied chemi-
cal composition. The Se content ranges from 0.59
to up to 0.64 apfu, while the content of S ranges
from 0.26 to 0.40 apfu. It confirms a wide range of
Se <> S substitution. Moreover, clausthalite con-
tains significant amounts of Cu (up to 0.09 apfu),
Fe (up to 0.05 apfu), Bi (up to 0.02 apfu), and Ag
(up to 0.02 apfu). The empirical formula of claus-
thalite, based on 1 cation, could be written as

(Pb0484—0.94cu0404—0.09Fe0.00—0.05B10.00—0.02AgO.OO—O.OZ)Z:LOO

(SeO.59—0.8080.26—0.40)2:0.97—0.994
Monazite

It is a very rare accessory mineral that occurs
in quartz veins. Monazite forms fine, irregular
aggregates up to 150 um that are usually cut by
tiny quartz veinlets (Fig. 9H). It is accompanied
by chalcopyrite I, bornite I, sphalerite I, and py-
rite. Monazite-(Ce) was discovered in the Mie-
dzianka-Ciechanowice deposit. It does not con-
tain ThO,, but it does contain Pr (up to 0.08 apfu),
Sm (up to 0.02 apfu), Y (up to 0.02 apfu), and Gd

(up to 0.01 apfu). The (La/Sm)y ratios range from
4.84 to0 5.97 (mean = 5.43) with positive Ce anom-
alies and no significant Eu anomalies.

DISCUSSION

Bi-rich TGM in Sudetes
and Bohemian Massif

Tetrahedrite-group minerals are very common
sulfosalts in various types of hydrothermal ore de-
posits; however, their enrichment in Bi, especial-
ly above 1.00 apfu, is very rare. The Miedzianka-
Ciechanowice area is the second place in Poland
where Bi-rich TGM has been confirmed.

The Redziny deposit, located in the contact
zone of Karkonosze Granite in close proximity
to Miedzianka-Ciechanowice, contains polyme-
tallic mineralization with very rare Bi-rich tetra-
hedrite and tennantite. In contrast to the studied
area, rare Bi-rich TGM was found in polymetallic
veins (Golebiowska et al. 2012). The Bi-rich tetra-
hedrite (more than 1.00 apfu of Bi), which was not
reported in Miedzianka-Ciechanowice, occurs
within diverse assemblages containing Sn-oxides
(cassiterite, malayaite, mushistonite), Sn-bearing
sulfides (stannite, chatkalite, stannoidite and
mawsonite), relics of chalcopyrite, Ag-bearing
bornite, tiny inclusions of acanthite, matil-
dite, pavonite, Ag-bearing galena, Ag-enriched
wittichenite, and bismuthinite. It contains high
contents of Ag (up to 3.41 apfu) and Bi (up to
2.65 apfu) (Golebiowska et al. 2012) in contrast
to the studied area, where tetrahedrite has only
0.42 apfu of Bi and only 0.03 apfu of Ag. Similarly
to Redziny, the Bi-enriched tetrahedrite from the
Miedzianka-Ciechanowice deposit occurs as in-
clusions within mawsonite II. The Bi-rich tennan-
tite from Redziny occurs in quartz-chlorite-arse-
nopyrite veins and forms grains up to a few tenths
of a millimeter in size. Similarly to Miedzianka-
Ciechanowice, it is accompanied by chalcopyrite,
Fe-rich sphalerite, Se-bearing galena, bismuth,
and wittichenite. However, it was recognized also
in association with minerals of the aikinite series,
bismuthinite, and Se-enriched ikunolite (Gole-
biowska et al. 2012), which do not occur in this
paragenesis, but have been recognized in this area
(Muszynski et al., in press). The predominance
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of tennantite-(Zn) over tennantite-(Fe) is typical
for both deposits, however the Bi-rich tennantite
from Redziny shows broader ranges of Zn and Fe
contents (from 0.00 to 1.86 apfu and from 0.27 to
2.00 apfu, respectively). It also contains lower Bi
concentrations of up to 1.51 apfu (Golebiowska
etal. 2012) compared to Miedzianka-Ciechanowi-
ce, where the Bi content reaches up to 2.20 apfu.
This suggests higher activity of Bi in Miedzianka-
Ciechanowice at this stage of crystallization.

A wide range of As <> Bi substitution was ob-
served in both deposits. Moreover, Bi-rich ten-
nantite grains are not enriched in Ag and do not
contain insignificant contents in these locations.
According to Golebiowska et al. (2012), this could
be related to the very low contents of Fe in the
most Bi-enriched tennantite and the precipitation
of silver minerals, which competed with TGM
for Ag. Furthermore, similarly to the studied area,
the Bi-enriched TGM (Bi content of less than
1.00 apfu) is variable, while Zn-rich members pre-
dominate over Fe-rich ones. Ag- and Bi-rich tetra-
hedrite, which was not discovered in Miedzianka-
Ciechanowice, shows the opposite trend and con-
firms the strong correlation between Fe and Ag.
Such a correlation was not observed in the studied
area, where Zn-rich hydrothermal environments
dominate. This corroborates the predominance of
Zn-rich members over Fe-rich ones and the very
low silver contents of TGM. According to Gofe-
biowska et al. (2012), even the extremely Bi-en-
riched TGM can form in Zn-poor conditions, and
such enrichment is not related to Bi <> Sb or As
substitution. While the compositions of the Bi-
rich TGM from Miedzianka-Ciechanowice do not
confirm this trend, several other similarities be-
tween both locations have been confirmed. The
substitution of Bi <> As in tennantite is associat-
ed with an increase in the Zn content and deple-
tion in Fe. In addition, Bi <> Sb substitution is ob-
served in tetrahedrites; however, this trend is more
prominent in Redziny. The gradual increase in Bi
led to the predominance of Bi over Sb in Redziny
and over As in Miedzianka-Ciechanowice, which
corroborates the presence of very rare annivite.

The chemical composition of the TGM in the
studied area is related to precipitation, tempera-
ture, and the composition of the fluids. This has

been confirmed by previous studies (Pieczka et al.
2009, Golebiowska et al. 2012), which estimated
the formation temperature of the TGM from the
Redziny deposit. Based on similar associations,
correlations, and mutual relations of TGM in the
studied samples, it is clear that annivite and Bi-
rich tennantite are the earliest-forming miner-
als of the TGM series. According to Golebiowska
et al. (2012), Bi-rich TGM crystallized at tempera-
tures of 230-300°C, while the Bi-enriched tetra-
hedrite found within mawsonite was formed at
about 290°C. Annivite probably crystalized at low-
er temperatures of around 260°C, although labo-
ratory research does not confirm this suggestion.
The Bi-rich tennantite was formed at a similar
temperature range of 250-260°C. As the tempera-
ture decreased, the Bi-rich tennantite gradually
lost Bi over the temperature range of 230-210°C.
The Bi-enriched tetrahedrite is probably a rem-
nant of this gradual decrease in temperature and
loss of Bi from Bi-rich tetrahedrite, which was not
observed in the studied samples. This mineral was
formed in the temperature range of 210-230°C. As
a result of further loss of Bi, Bi-free TGM crystal-
lized at approximately 150-170°C (Golebiowska
et al. 2012).

Bi-rich TGM has also been reported in the Ja-
chymov mining district in the Czech Republic,
where, similarly to the Bi-rich tennantite-(Zn)
in Miedzianka-Ciechanowice, annivite-(Zn) but
also Bi-rich tetrahedrite-(Zn) have been described
(Velebil and Sejkora 2018, Sejkora et al. 2024). They
occur within similar associations to the studied
area, which also includes tennantite-(Fe), tetrahe-
drite-(Zn), bismuth, and wittichenite; however, in
contrast to Miedzianka-Ciechanowice, it also con-
tains other bismuth minerals, including bismite,
walpurgite, and emplectite (Sejkora et al. 2024). The
most abundant mineral phase is Bi-rich tennantite,
while the other Bi-rich phases occur very rarely.
The Bi-rich tennantite usually forms intergrowths
with grains of bismite, relics of bismuth, and ag-
gregates of emplectite up to 0.7 mm in size (Vele-
bil & Sejkora 2018). The Bi content is lower than
in the studied deposit, reaching up to 1.89 apfu.
In the Jachymov area, similarly to Miedzianka-
Ciechanowice, the Zn-dominant members pre-
dominate over the Fe-dominant members.
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Fig. 10. As-Bi-Sb ratio (apfu) in Bi-rich TGM; red circles — Miedzianka-Ciechanowice (this study), green triangles - Redziny
(Golebiowska et al. 2012); color fields correspond to Bi-rich TGM from Jachymov (pink), Hiebec¢nd (green) (Sejkora et al. 2024)

and Pribram (blue) (Dolnicek et al. 2024)

The Bi-rich tennantite in Jachymov contains
a low content of Ag, not exceeding 0.07 apfu (Sej-
kora et al. 2024), compared to 0.09 apfu in Mie-
dzianka-Ciechanowice. Elongated, isometric, or
irregular zones up to 50 pm in size were discov-
ered within Bi-rich tennantite and tetrahedrite
aggregates (Velebil & Sejkora 2018). The most Bi-
rich zones, where Bi predominates over As (with
Bi contents reaching up to 2.37 apfu), correspond
to annivite. This mineral rarely forms anhedral
grains up to 50 um in size (Sejkora et al. 2024).
A mineral with a chemical composition corre-
sponding to the not-yet-approved annivite-(Fe),
with a Bi content up to 1.98 apfu, was also dis-
covered. The Bi-rich tetrahedrite is very rare and
contains up to 1.20 apfu of Bi. It forms an irreg-
ular zone approximately 40 um x 70 pm in size
within Bi-rich tennantite, containing tiny grains

of annivite. The TGM from Jachymov, similarly
to Miedzianka-Ciechanowice, shows oscillatory
zonation, which is related to the Bi content. The
presence of Bi-rich TGM, especially annivite, indi-
cates the high activity of Bi during the crystalliza-
tion process in both deposits. A comparison of the
Bi-rich TGM from Miedzianka-Ciechanowice,
Redziny, and Jachymov is presented in a triangu-
lar diagram (Fig. 10).

Silver minerals in polymetallic veins

Silver-bearing phases are widespread in various
hydrothermal ore deposits in the Sudetes, where
they usually represent an accessory mineraliza-
tion of Ag-minerals (Paulo & Salamon 1972, 1974,
Mikulski 2005, 2010, Prsek et al. 2019, Meder-
ski et al. 2020) or Ag-rich TGM (Piestrzynski &
Mochnacka 2003, Golebiowska et al. 2012, Prsek
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et al. 2019, Mederski et al. 2020, Muszynski et al.
2023). This mineralization is mainly associated
with base-metal mineralization hosted in polyme-
tallic, quartz, quartz-carbonate, or baryte veins.
Silver mineralization in baryte veins in Poland
is very rare and has been identified only in Mie-
dzianka-Ciechanowice, Bystrzyca Goérna, and Bo-
guszow deposits.

In the Czarnéw polymetallic vein deposit, the
silver mineralization is represented by argentite,
matildite, treasurite, hessite, and Ag-Bi sulfotellu-
rides (Mikulski 2010). In contrast to Miedzianka-
Ciechanowice, the Ag-bearing minerals are usu-
ally associated with arsenopyrite and Bi phases.
Argentite forms tiny inclusions up to 20 pm in
size within arsenopyrite. Matildite creates grains
up to 0.2 mm in amphibolite, which are cut by
calcite veinlets containing arsenopyrite-chalco-
pyrite mineralization. Aggregates of treasurite
up to 100 um occur in calcite veinlets and are ac-
companied by quartz and chalcopyrite. Treasurite
also coexists with bismuth as inclusions enclosed
within arsenopyrite. Hessite, similarly to treasur-
ite, creates inclusions up to 10 pm in arsenopyrite,
and is accompanied by bismuth minerals and pyr-
rhotite. In contrast to hessite from Miedzianka-
Ciechanowice, it contains contents of Se up to
1.37 wt.%. The Ag-Bi sulfotellurides occur with
bismuth and bismuthinite and form xenomorphic
grains in pyrrhotite-arsenopyrite ore (Mikulski
2010). Silver minerals precipitated at temperatures
of less than 130-200°C (Mikulski 2010). In both
deposits, the Ag mineralization had a low-tem-
perature origin; however, the silver phases in
Czarnéw are associated with high-temperature
arsenopyrite, while there is no relation between
these minerals in Miedzianka-Ciechanowice.

In the Redziny area, silver minerals are main-
ly represented by Ag-bearing sulfosalts such as
matildite, berryite, gustavite, pavonite, benjam-
inite, and makovickyite. These minerals usually
form thin-tabular or lath-like crystals, reaching up
to 300 um in size. They are most commonly found
within polymetallic mineralization hosted in arse-
nopyrite-chlorite-quartz veins. The sulfosalts are
often associated with other silver-rich phases such
as cosalite, which contains up to 5.0 wt.% Ag, as
well as Ag-bearing galena. Fine-grained inclusions

of acanthite, Ag-rich minerals from the tetrahe-
drite series, and the previously mentioned sulfos-
alts are also dispersed in several parts of the quar-
ry, especially within mineralized schist zones.
These silver-bearing phases often occur togeth-
er with chalcopyrite, cubanite, bismuthinite, and
minerals from the stannite group, which may con-
tain up to 2.0 wt.% Ag. Additional associated min-
erals include Ag-rich wittichenite, gold, and bis-
muth. The highest silver contents were recorded in
tetrahedrite-group minerals, with argentotetrahe-
drite-(Fe) containing up to 32.0 wt.% Ag. These
highly silver-enriched minerals commonly occur
in association with stannite-group phases, indi-
cating a close paragenetic relationship. The crys-
tallization temperature of the silver-bearing min-
eralization is estimated to be below 320°C (e.g.,
Pieczka et al. 2009, Gotebiowska et al. 2012).

In Boguszoéw, baryte deposit silver mineraliza-
tion occurs as Ag-rich TGM and Ag-Sb sulfosalts,
which have not been reported in the Miedzianka-
Ciechanowice area. Similarly to Bystrzyca Gérna
and in contrast to the studied deposit, the Ag-bear-
ing phases are Sb-dominant and are represented
by pyrargyrite, polybasite, Ag-enriched tetrahe-
drite, and kenoargentotetrahedrite-(Fe) (Meder-
ski et al. 2020). Pyrargyrite occurs as inclusions
up to 50 pum across in galena or forms inter-
growths with chalcopyrite reaching up to 100 pm.
Polybasite creates rounded inclusions in galena up
to 20 um in size (Mederski et al. 2020). In compar-
ison to Boguszow, the Miedzianka-Ciechanowice
hydrothermal system contains a more diverse sil-
ver assemblage, including Ag-selenides, tellurides,
sulfides, and native silver. Despite these parage-
netic differences, the textural features of ores from
both deposits indicate an increased concentration
of Ag-rich phases during the younger epithermal
stages. This thesis confirms the presence of Hg in
native silver from Miedzianka-Ciechanowice. Ac-
cording to Siuda (2012), the occurrence of silver
with an increased Hg content is typical for silver
precipitating from epithermal solutions at tem-
peratures of approximately 200°C.

Silver mineralization is not exclusively relat-
ed to baryte veins. Several types of ore veins with
quartz, carbonate, baryte, and baryte-fluorite
gangue are observed at the Grudno deposit in the
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Western Sudetes (Paulo 1994). Similarly to Mie-
dzianka-Ciechanowice, coarse-grained white and
pink baryte have been described; however, white
baryte is the main constituent of the veins. Barytes
from Grudno, similarly to Miedzianka-Ciechano-
wice, differ in Sr contents from 0.2 to 2.0 wt.%, but
they do not host silver minerals (Paulo 1994). In
contrast to the Miedzianka-Ciechanowice depos-
it, pyrargyrite and freibergite in Grudno are relat-
ed to quartz-calcite veins (Paulo & Salamon 1972,
Paulo 1994).

In Radzimowice, the main ore mineralization
is related to quartz-sulfide-carbonate veins, in-
cluding hessite, volynskite, acanthite, treasurite,
and gustavite (Paulo & Salamon 1974, Mikulski
2005). The hessite and volynskite, which repre-
sent the oldest silver phases, were precipitated in
a Bi-Te-Au-Ag-Pb-S mineral stage while the re-
maining minerals crystalized during the sulfosalt
stage (Mikulski 2005). Similarly to Miedzianka-
Ciechanowice, hessite seems to be the oldest
Ag-bearing phase, but in contrast to the studied
deposit, it usually occurs as rounded inclusions
in Co-enriched arsenopyrite. It also creates inter-
growths with calcite and Ag-Pb-Bi sulfosalts (Mi-
kulski 2005). Ag-Pb-Bi sulfotellurides also form
fine-grained intergrowths with magnetite and
ankerite, which replace earlier arsenopyrite and
chalcopyrite aggregates. Similar to Miedzianka-
Ciechanowice, the members of the younger sul-
fosalt stage form mainly inclusions within galena.

Silver mineralization has been reported in the
Przecznica-Gierczyn ore district, which is host-
ed by the Stara Kamienica Schist Belt (Cook &
Dudek 1994), where disseminated and vein-type
cassiterite-polymetallic mineralization has been
discovered (Piestrzynski & Mochnacka 2003). Al-
though this area, similarly to Miedzianka-Ciecha-
nowice, is located within the metamorphic cover
of the Karkonosze Granite, both deposits differ
significantly. Cassiterite is the main ore miner-
al in the Przecznica-Gierczyn area (Piestrzynski
& Mochnacka 2003) while it occurs only in mi-
nor amounts in Miedzianka-Ciechanowice (Mu-
szynski et al. 2025). Ag-bearing minerals repre-
sent accessory mineralization in both deposits,
but their chemical compositions are different. In
the Przecznica-Gierczyn area, silver minerals are

Sb-rich and include pyrargyrite and Ag-rich tet-
rahedrite (Piestrzynski & Mochnacka 2003). In
contrast to Miedzianka-Ciechanowice, where Ag-
bearing minerals are hosted in baryte, they are
found in chlorite-sericite schists with quartz in
Przecznica (Birecki 1959) or in chlorite schists with
quartz in Gierczyn (Mochnacka et al. 1999). Pyr-
argyrite and Ag-rich tetrahedrite are also accom-
panied by chalcopyrite and tetrahedrite (Piestrzyn-
ski & Mochnacka 2003), while in Miedzianka-
Ciechanowice, they are associated with bornite
and chalcocite.

Silver has been reported in the Chelmiec car-
bonate-sulfide vein type deposit in the Kaczawa
Mountains, however, in contrast to Miedzianka-
Ciechanowice, it occurs primarily in members
of the freibergite series, namely argentotetrahe-
drite-(Fe) and tetrahedrite-(Fe), and rarely in
matildite (Muszynski et al. 2023). The highest
silver contents were reported from rims of TGM
grains. Argentotetrahedrite-(Fe), which is young-
er than the Ag-poor TGM, forms brighter zones
and crystallized at temperatures of 170-200°C.
It is accompanied by chalcopyrite and sphaler-
ite (Muszynski et al. 2023). Chelmiec represents
another locality in the Sudetes where silver min-
eralization is associated with Sb-rich mineral
assemblages.

Silver is also the primary element associated
with copper deposits of the Fore-Sudetic Mono-
cline (Wodzicki & Piestrzynski 1994). It is the most
abundant element in copper-bearing schist (Kru-
cha & Mayer 2007, Kuzub-Budzyn & Piestrzynski
2017). Similarly to Miedzianka-Ciechanowice, na-
tive silver (Salamon 1979), naumannite (Pieczon-
ka & Piestrzynski 2005), stromeyerite (Salamon
1979), mckinstryite (Salamon 1976, 1979), and
acanthite (Haranczyk 1972) have been identified.
A wide variety of Ag-bearing phases not reported
from the studied area have also been discovered,
including electrum (Salamon 1976, 1979), jalpaite
(Kucha & Salamon 1972, Salamon 1979), kiistelite
(Salamon 1979), silver amalgams (Salamon 1979,
Piestrzynski & Tylka 1992), eugenite (Kucha 1986),
pavonite (Kucha 1998), and chlorargyrite (Kucha
1990). Native silver forms aggregates up to a few
millimeters in size and creates intergrowths with
chalcocite, bornite, Cu-Fe-Ag sulfides, tennantite,
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and stromeyerite. In contrast to Miedzianka-
Ciechanowice, silver contains not only Hg but
also Cu, Au, Pt, Fe, and S (Kozub-Budzyn & Pie-
strzynski 2017). Stromeyerite is the most com-
mon silver sulfide in this area (Salamon 1979,
Kucha 2007, Piestrzynski 2007, Pieczonka 2011)
and occurs with native silver and silver amalgams
(Kozub-Budzyn & Piestrzynski 2017). It usually
creates intergrowths with chalcocite, bornite, na-
tive silver, and silver amalgams, and also forms in-
clusions in veinlets that contain bornite, chalco-
pyrite, and chalcocite. It has contents of Hg up to
3.60 wt.% (Kozub-Budzyn & Piestrzynski 2017).
Mckinstryite occurs as intergrowths with native
silver, silver amalgams, chalcocite, and bornite. It
sometimes creates inclusions with stromeyerite
in bornite-chalcocite veinlets (Kozub-Budzyn &
Piestrzynski 2017). Naumannite forms tiny inter-
growths up to 5 um with native silver in bornite
veinlets and chalcocite and bornite accompanied
by tennantite. Despite the different genetic type, the
Ag-bearing minerals in the Cu-Ag deposit of the
Fore-Sudetic Monocline occur with chalcocite and
bornite, similarly to Miedzianka-Ciechanowice,
which are the main ore minerals (Piestrzynski
2007, Pieczonka 2011). Furthermore, they are usu-
ally enriched in Ag (Kozub-Budzyn & Piestrzyn-
ski 2017).

Veins with silver mineralization are also found
in the stratiform base-metal deposit in Horni
Mésto in the Czech Republic. These veins are
mainly composed of,, among others, K-feldspar,
albite, quartz, calcite, and dolomite (Dolnic¢ek
et al. 2019b). The Ag-bearing minerals include
native silver that is enriched in Hg, members of
freibergite series, pyrargyrite, proustite, steph-
anite, miargyrite, allargentum, Ag-rich tennan-
tite (up to 14 wt.% Ag), and Ag-rich tetrahedrite
(up to 17.5 wt.% Ag), similar to Miedzianka-Cie-
chanowice (Fojt et al. 1992, Dolnicek et al. 2019b).
The most widespread Ag-bearing minerals in this
deposit are argentotetrahedrite-(Zn) and argen-
totetrahedrite-(Fe), as well as kenoargentotetra-
hedrite-(Zn) and kenoargentotetrahedrite-(Fe).
It creates xenomorphic grains up to 1.5 mm in
size, sometimes overgrowing older pyrite, arse-
nopyrite, and sphalerite, or forms thin veinlets.
The grains contain small inclusions of pyrargyrite

and galena. Pyrargyrite creates xenomorphic and
elongated grains up to up to 350 um in size or
thin veinlets. It usually intergrows with freiber-
gite and encloses all other silver minerals except
for freibergite series. Miargyrite is very rare and
forms tiny inclusions up to 20 um within pyra-
rgyrite. Allargentum occurs in feldspar and is
rimmed by a thin layer of pyrargyrite (Dolnic¢ek
etal. 2019b). In contrast to Miedzianka-Ciechano-
wice, younger paragenesis with Ag-bearing min-
erals exhibits Sb enrichment and As depletion. It
confirms the presence of pyrargyrite, allargentum
and miargyrite, while only proustite was report-
ed in the studied area. The Miedzianka-Ciechano-
wice deposit also typically contains both Sb- and
As-bearing ore minerals; however, a predomi-
nance of As- over Sb-phases is clearly visible, es-
pecially in TGM, where tennantite is much more
abundant than tetrahedrite. The chemical compo-
sitions of ore minerals and their mutual relations
suggest that Cu-Zn-Pb-Sn+Bit+Ag paragenesis in
Miedzianka-Ciechanowice may represent an early
product of the crystallization process.

The results described by Dolnic¢ek et al. (2019a)
indicate that As prevails in the early phase and
Sb in the later phase in the Repové deposit near
Mobhelnice in the Czech Republic. Ag-rich TGM,
freibergite series, silver amalgams, and acanthite
have been discovered in this area. Similarly to Mie-
dzianka-Ciechanowice, several silver-rich phases,
including argentotetrahedrite-(Fe) and silver amal-
gams, occur in baryte veins. The Ag-rich tetrahe-
drite forms inclusions in galena, while acanthite is
very rare and replaces galena or chalcopyrite (Dol-
nicek et al. 2019a). In contrast to the studied area,
baryte is the oldest component of the vein and con-
tains lower contents of SrO (up to 0.27 wt.%) (Dol-
nicek et al. 2019a). According to Dolnicek et al.
(2019a), the silver in Repovéd was concentrated
during the later stages of hydrothermal activity and
has a low-temperature origin. The mineral associ-
ations, chemical composition and textural devel-
opment in the Miedzianka-Ciechanowice deposit
point to a paragenetic sequence: base metal sulfides
+ Bi-rich TGM - Bi-phases: wittichenite, native
bismuth > Sn-bearing sulfides: mawsonite, stan-
noidite > Ag-bearing minerals: hessite, cervelleite,
stromeyerite, native silver, acanthite, mckinstryite,
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proustite, selenojalpaite, naumannite. The miner-
al succession of the Miedzianka-Ciechanowice de-
posit suggests a progressive evolution of the hydro-
thermal system.

CONCLUSIONS

The mineralogical and geochemical investigations

conducted in the Miedzianka-Ciechanowice de-

posit provide new insights into its mineralization,
with the main findings of this study summarized
as follows:

1. The Cu-Zn-Pb-As-Sn+Bi+Ag paragenesis is
hosted by quartz, quartz-calcite, calcite, calcite-
dolomite, and baryte veins in the Miedzianka-
Ciechanowice deposit.

2. Two types of baryte — white (baryte I) and
pink (baryte II) — were described in the stud-
ied area. Baryte I hosts mainly base metal min-
eralization, while baryte II contains a rich suite
of silver minerals.

3. Very rare Bi-rich tennantite-(Zn) with Bi con-
tents surpassing 1.00 apfu was discovered during
the laboratory research. It usually occurs as
zones enriched with Bi within tennantite-(Zn).
A pronounced extent of Bi <> As or Sb substi-
tution was also observed in TGM.

4. Highly Bi-enriched zones containing up to
26.44 wt.% (2.20 apfu) Bi were detected within
Bi-rich tennantite-(Zn). The predominance of
Bi over As indicates the presence of annivite in
this area.

5. Silver minerals are quite widespread in the Su-
detes; however, they are hosted mainly by bar-
yte veins in Miedzianka-Ciechanowice, espe-
cially pink baryte. Various Ag-bearing sulfides,
tellurides, selenides, and native silver were de-
scribed. Their mutual relations and mineral as-
sociations suggest that tellurides represent the
oldest Ag-bearing minerals, while selenides
seem to be the youngest ones.

6. In contrast to other ore localities from the
Sudetes (Bystrzyca Goérna, Boguszéw, Grud-
no and Chelmiec, among others), the ore as-
semblages occurring within the Miedzianka-
Ciechanowice deposit are mainly As-dominant.
The As seems to be prevailing in the early stage
of ore precipitation.

7. The general paragenetic sequence can be de-
fined as: base metal sulfides + Bi-rich TGM -
other Bi-bearing phases > Sn-bearing sulfides
> Ag-bearing minerals.
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