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Miedzianka-Ciechanowice is a hy dro ther mal vein-type quartz and quartz-car bon ate-sul phide de posit in the east ern meta -
mor phic cover of the Karkonosze Gran ite in the Sudeten Mts. Within this di verse de posit, polymetallic Cu-Sn-Bi min er al iza -
tion was iden ti fied. Two ore min eral stages of pre cip i ta tion were re cog nised: I – a high-tem per a ture min er al iza tion stage in
skarn; and II – a me dium and low-tem per a ture stage of vein min er al iza tion. Stage I, as so ci ated with skarns, is rep re sented
by rutile, mag ne tite I and II, cas sit er ite and mi nor amounts of sulphides (sphalerite, py rite, chal co py rite and ga lena). Stage II,
as so ci ated with quartz or quartz-car bon ate veins, is rep re sented by pyrrhotite, py rite, ar seno py rite, cobaltite, gersdorffite,
sphalerite, chal co py rite, min er als of the tetrahedrite-group, roquesite, bornite and ga lena. In ad di tion a wide range of tin
sulphides: stannoidite, mawsonite, ferrokesterite and bis muth sulphosalts (bis muthi nite, aikinite, ikunolite, gustavite,

lillianite, heyrovskúite, vikingite, berryite and matildite) were iden ti fied. Min er als of the Cu-Sn-Bi as so ci a tions were formed
mainly in mas sive ag gre gates of chal co py rite in quartz veins, less of ten in mag ne tite or sphalerite in skarns. In the Sudeten
Mts., the pres ence of var i ous tin and bis muth as so ci a tions is rare and usu ally rep re sents ac ces sory min er al iza tion.
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INTRODUCTION

The Sudety Mts. area is char ac ter ised by the oc cur rence of
many di verse polymetallic hy dro ther mal de pos its (Piestrzyñski
et al., 1992; Madziarz, 2009a; Mochnacka et al., 2009, 2012).
Many of these have been ex ploited for sev eral hun dred years
(e.g., Dziekoñski, 1972; Madziarz and Sztuk, 2006; Madziarz,
2009a, b). The Karkonosze-Izera Mas sif is the most fa mous
min ing area, where many polymetallic hy dro ther mal de pos its
oc cur in its Pol ish part, such as the Stara Kamienica stratiform
tin de pos its (Ma³ek and Mikulski, 2021), Krobica-Gierczyn de -
posit (Pietrzela, 2019), the Rêdziny quartz-vein-type de posit
(Pieczka et al., 2007; 2009), the Czarnów quartz-sul -
fide-vein-type de posit (Mikulski, 2010) and the
Miedzianka-Ciechanowice quartz-car bon ate-baryte vein de -

posit (Mochnacka et al., 2012). Many of these de pos its, where
min ing has ended, have not been suf fi ciently min er al og i cally
stud ied by mod ern meth ods. The Miedzianka-Ciecha nowice
area is one such old min ing area in the Rudawy Janowickie
Mts., where tens of hy dro ther mal veins as so ci ated with
post-Variscan gran ite magmatism have been doc u mented
(Mochnacka et al., 2012). The polymetallic min er al iza tion in this 
de posit is as so ci ated with quartz-car bon ate-baryte-veins which
con tain sulphides, sulphosalts, mag ne tite, bis muth, sil ver and
ura nium min er als (Zimnoch, 1978; Siuda and Go³êbiowska,
2011; Mochnacka et al., 2012; Siuda, 2012).

De spite its di verse min er al ogy, the Miedzianka-Ciecha -
nowice hy dro ther mal polymetallic vein de posit was re cog nised
in ear lier stud ies (Zimnoch, 1978; Siuda and Go³êbiowska,
2011; Siuda, 2012; Mochnacka et al., 2012), but no new pre cise 
data re lated to pri mary min er al iza tion have been pub lished
from this de posit. This pa per pro vides new data con cern ing the
min er al ogy, geo chem is try and min eral as so ci a tion of this de -
posit, no ta bly pre cise compositional data on the Sn-Bi para -
genesis (tin sulphides, cas sit er ite, bis muth min er als) as the
early min eral paragenesis in the de posit.
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LOCALITY AND GEOLOGICAL SETTING

The re search area is lo cated in south west ern Po land, be -
tween the vil lages of Miedzianka and Ciechanowice. This area
is lo cated in the east ern part of the Karkonosze-Izera Mas sif
(Mochnacka et al., 2012), in the north ern part of the Rudawy
Janowickie Mts., which form the east ern meta mor phic cover of
the Karkonosze Gran ite (Siuda and Go³êbiowska, 2011). The
Rudawy Janowickie moun tain range is di vided into three units:
the metasedimentary-vol ca nic Kowary-Czarnów unit with the
Kowary gneiss es; the Leszczyniec vol ca nic unit; and the Przyb -
kowice phyllite unit (Kozdrój, 2003). The Miedzianka-Ciecha -
nowice area is in cluded in the Kowary-Czarnów unit (Kozdrój,
2003) and is com posed mainly of am phi bo lites and am phi bo lite
schists, with small in ter ca la tions of mica-schist and quartz-seri -
cite schist, greenstone and skarn (Siuda and Go³êbiowska,
2011; Fig. 1). Youn ger rocks in clud ing rhyolites and pegmatites
are re lated to the Karkonosze gran ite in tru sion (Siuda and
Go³êbiowska, 2011). The rocks of the en tire re gion were meta -
mor phosed dur ing Variscan oro gen esis be fore the em place -

ment of the Karkonosze gran ite (Mazur et al., 2010) dated to
~312–315 Ma (Duthout et al., 1991; Kryza et al., 2014; Mikulski
et al., 2020). The area of the Miedzianka-Ciechanowice de posit
is as so ci ated with the Intra-Sudetic Fault, which is the bound ary 
be tween the Karkonosze-Izera Mas sif and the Kaczawa Meta -
mor phic Com plex. This fault with its NW over all di rec tion oc curs 
in the north-east ern part of area (Teisseyre, 1968). Within the
de posit there oc curs a sys tem of par al lel faults of NW–SE di rec -
tion, which are con nected with Variscan move ments (Teis -
seyre, 1968).

Two types of ore min er al iza tion have been re cog nised in the 
Miedzianka-Ciechanowice de posit (Zimnoch, 1978, Mochna -
cka, 1982). The first is of skarn type: mag ne tite-spha lerite-py rite 
min er al iza tion oc cur ring in the west ern and south west ern parts
of Miedzianka vil lage. Its for ma tion is re lated to the meta mor -
phism and metasomatism of lenses of car bon ate rocks in con -
tact with the Karkonosze gran ite in tru sion. Typ i cal min er als in
this type of ore in clude mag ne tite, sphalerite, py rite and
pyrrhotite (Mochnacka, 1982). The sec ond type is of a
polymetallic vein type of min er al iza tion. The hy dro ther mal
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Fig. 1. Geo log i cal map of the Miedzianka-Ciechanowice area (mod i fied from Berg, 1938; Siuda and Go³êbiowska, 2011)
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polymetallic veins (quartz, quartz-car bon ate and baryte) in the
Miedzianka-Ciechanowice area are very vari able across the
whole ore field. It is mainly the quartz veins that are min er al ized
and the ore veins have an E–W di rec tion, and dip to the N or S
(Zimnoch, 1961). In ad di tion, the ore bod ies are cut by shorter
quartz and quartz-car bon ate NW–SE-trending veins. 41 veins
have been dis cov ered in Miedzianka, whose thick ness ranges
from 0.01 to 3 m (Madziarz, 2010). The west ern field is known
for its skarns and mainly Cu-bear ing hy dro ther mal veins with
ura nium and tin min er als (Mochnacka et al., 2012). The east ern 
field, near Ciechanowice vil lage, con tains more di verse as so ci -
a tions with cop per, sil ver, bis muth, co balt, and tin min er als
(Mochnacka et al., 2012). The north ern part of Miedzianka, on
the other side of the Bóbr River, is char ac ter ized mainly by
Pb-Zn min er al iza tion (Mochnacka et al., 2012). Ore min er al iza -
tion forms ir reg u lar, mas sive ac cu mu la tions in quartz, car bon -
ate or baryte veins, rarely veinlets or dis sem i na tions in the host
rocks. The main ore min er als in the de posit are chal co py rite
and bornite (Mochnacka et al., 2012).

MATERIALS AND METHODS

Sam ples con tain ing ore min er al iza tion with Bi-Sn
paragenesis were col lected from old dumps of the Sonnen,
Wolf, Einigkeit, Hofnung, Segen Gottes, Feliks and Neu Adler
shafts in the Miedzianka ore field (Fig. 1). Skarns, am phi bo lites, 
quartz and car bon ate vein ma te rial with mac ro scopic sul phide
min er al iza tion were col lected on the dumps. Var i ous tex tures of 
ores from the Miedzianka-Ciechanowice de posit are ob served:
mas sive, nested and veinlet. 45 sam ples were se lected for mi -
cro scopic ob ser va tions in re flected light, while 21 rep re sen ta -
tive sam ples were se lected for microprobe stud ies.

Microprobe anal y ses were per formed in the lab o ra to ries of
the Slo vak Acad emy of Sci ences in Banská Bystrica and at the
Na tional Mu seum in Prague, us ing JEOL Super Probe
JXA-8230 and Cameca SX-100 microanalyzers, re spec tively.
The anal y ses were per formed us ing the WDS method un der
the fol low ing con di tions: ac cel er at ing volt age 20 kV and 25 kV
(Banská Bystrica and Prague, re spec tively), beam cur rent
20 nA and beam di am e ter 1 µm. Nat u ral min eral stan dards
(FeS2, ZnS, PbS) and syn thetic com pounds (CdS, InAs, MnS,
HgTe, PbTe, Sb2S3, Cu, Ag, Bi, Ni, Co, Se) were used for cal i -
bra tion. The wave lengths and de tec tion lim its are in cluded in
Ap pen dix 1.

RESULTS

The ore min er al iza tion which con tains Cu-Sn-Bi para -
genesis is dom i nated mainly by mas sive ag gre gates of chal co -
py rite in quartz veins, am phi bo lites, or mas sive mag ne tite with
sphalerite. Sphalerite I and II, py rite I and II, cobaltite,
gersdorffite, tin sulphides, ga lena, ar seno py rite, na tive bis muth
and mi nor amounts of cas sit er ite, bornite, matildite, roquesite
and canfieldite were iden ti fied in the mas sive chal co py rite ore.
In the mas sive mag ne tite-sphalerite ore, mi nor amounts of
pyrrhotite, cas sit er ite, chal co py rite, py rite, ga lena and bis muth
sulphosalts were found. Ex cept for chal co py rite and mag ne tite,
min er als of the Cu-Sn±Bi ore paragenesis are not mac ro scopic
and these were found dur ing the mi cro scopic study. The
paragenetic se quence re sult ing from this study in volves early
find ings by Mochnacka et al. (2012) as shown in Fig ure 2. The
main ore min eral in the paragenesis is chal co py rite, whereas
mag ne tite, sphalerite, ga lena, cobaltite, py rite, bornite and ar -

seno py rite are mi nor. Tin and bis muth min er als are mainly con -
nected with chal co py rite, less with ga lena, and they oc cur in
form of in clu sions, ir reg u lar ag gre gates and veinlets. A broad
as sem blage of Sn and Bi min er als was iden ti fied: stannoidite,
mawsonite, ferrokesterite, na tive bis muth, bis muthi nite, min er -
als from the lillianite ho mol o gous se ries (gustavite-lillianite se -
ries, heyrovskýite, vikingite), matildite, canfieldite and berryite.
They are rarely ac com pa nied by ir reg u lar ag gre gates of
gersdorffite and chalcocite grains.

TiO2 PHASE

This is the old est min eral iden ti fied in the sam ples stud ied.
The TiO2 phase is very com mon and oc curs in the skarns and
am phi bo lites mainly as a prod uct of hy dro ther mal al ter ation and 
the ac tiv ity of hy dro ther mal so lu tions. It oc curs as ir reg u lar or
elon gated crys tals in the host rocks. The hy dro ther mal TiO2

phase, in form of elon gated crys tals, is over grown by chal co py -
rite ag gre gates. Lo cally, it con tains small crys tals of cas sit er ite.
The TiO2 phase is gen er ally free of any other chem i cal el e -
ments, and only lo cally in creased con tents of V2O3 (up to
0.05 wt.%) and Nb2O5 (up to 0.1 wt.%) were de tected.

MAGNETITE

This min eral rep re sents the old est type of min er al iza tion in
the Miedzianka-Ciechanowice de posit. It was rec og nized in
skarns and am phi bo lite in the north-west ern and west ern parts
of this area, while in hy dro ther mal min er al iza tion it is rare. The
mag ne tite gen er ally forms mas sive ore, rarely banded, only lo -
cally with sul phide nests or veins. Two gen er a tions of mag ne tite 
were rec og nized in the sam ples stud ied. The first gen er a tion
(mag ne tite I) forms rounded and automorphic grains that build
the cores of mas sive mag ne tite ag gre gates. A sec ond gen er a -
tion (mag ne tite II) ir reg u larly over grows the early mag ne tite I as
thin rims. More over, mag ne tite II cre ates inter growths with
sphalerite (Fig. 3A), cre at ing mas sive mag ne tite-sphalerite ag -
gre gates up to a few mm in size. Ag gre gates of mag ne tite II lo -
cally con tain in clu sions of he ma tite, sphalerite, chal co py rite,
pyrrhotite, ga lena and cas sit er ite. Both mag ne tite gen er a tions
are chem i cally pure and only small amounts of Si (up to
0.38 wt.%), Zn (up to 0.09 wt.%) and Co (up to 0.05 wt.%) were
de tected.

CASSITERITE

Ex cept for TiO2 phases and mag ne tite, cas sit er ite rep re -
sents the ear li est ox ide min eral in the sam ples stud ied. Two
gen er a tions of very rare cas sit er ite were re cog nised. Cas sit er -
ite I oc curs in skarns where it forms small grains in mag ne tite II
ag gre gates and inter growths with rutile. It is ac com pa nied by
pyrrhotite and mi nor amounts of sphalerite, chal co py rite and
ga lena. Cas sit er ite II was found in quartz veins with chal co py -
rite ore where it forms small grains up to 20 µm in size which are 
sur rounded by stannoidite and mawsonite (Fig. 3B, C). It is lo -
cally ac com pa nied by sphalerite II. These two gen er a tions dif fer 
in chem i cal com po si tion. Cas sit er ite I con tains sig nif i cant con -
tents of FeO (up to 1.59 wt.%), TiO2 (up to 0.69 wt.%) and In2O3

(up to 0.53 wt.%), while Nb2O5 (0.12 wt.%), Ta2O5 (up to 0.09
wt.%) and SrO (up to 0.03 wt.%) were also de tected. Cas sit er ite 
II has high con tents of FeO (up to 2.99 wt.%) and small
amounts of SiO2 (up to 0.28 wt.%), Ta2O5 (up to 0.18 wt.%),
SrO (up to 0.18 wt.%), WO3 (up to 0.15 wt.%), V2O5 (up to 0.05
wt.%) and Nb2O5 (up to 0.03 wt.%).
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PYRRHOTITE

Pyrrhotite is a com mon min eral in the skarn ore or in hy dro -
ther mal Cu-bear ing paragenesis in am phi bo lites. It forms
mainly youn ger, tiny in clu sions up to 10 µm across in mag ne tite
or ir reg u lar inter growths up to 70 µm in size with chal co py rite,
py rite, sphalerite and ga lena. In places it forms mas sive struc -
tures in chal co py rite ore up to 200 µm across. The pyrrhotite is
com monly re placed by marcasite and Fe-hy drox ides.

PYRITE

Py rite is one of the main sul phide min er als in the de posit, it
usu ally oc curs with chal co py rite; how ever, in a few sam ples it is
a dom i nant ore min eral. Two gen er a tions of py rite were dis cov -
ered – the first one cre ates crys tals up to 300 µm across with
small in clu sions of chal co py rite and marcasite. Most of them
are cracked, the cracks be ing filled by chal co py rite. The sec ond 

gen er a tion forms dis sem i nated struc tures and oc curs with chal -
co py rite, sphalerite (Fig. 4A) and ga lena. Both gen er a tions of
py rite are chem i cally pure and only oc ca sion ally the sec ond
gen er a tion has higher con tents of Ni (up to 0.11 apfu) and Cu
(up to 0.05 apfu).

ARSENOPYRITE

Ar seno py rite is rare in the sam ples stud ied and usu ally
forms sep a rate idiomorphic crys tals up to 50 µm in size or crys -
tals up to 40 µm across in chal co py rite, py rite or sphalerite. Ar -
seno py rite crys tals are usu ally cracked and re placed by chal co -
py rite. In places ar seno py rite is over grown by youn ger löllingite.
It has small con tents of Co (up to 0.04 apfu) and Ni (up to 0.03
apfu) with out any zon ing in BSE im ages. The em pir i cal for mula
of ar seno py rite based on the sum of 1 cat ion could be writ ten
as: (Fe0.94-1.00Co0.00-0.04Ni0.00-0.03)S=0.98-1.03As0.98-0.99S1.00-1.02.
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Fig. 2. Min eral suc ces sion of the Cu-Sn±Bi min er al iza tion in the Miedzianka-
Ciechanowice de posit based on re sults of this study and Mochnacka et al. (2012)
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Fig. 3. Re flected-light (A, D, G, H) and BSE (B, C, E, F) im ages il lus trat ing the main fea tures of min eral as sem blages

A – ag gre gates of mag ne tite II over grown by sphalerite I with in clu sions of chal co py rite and ga lena; B – mawsonite sur round ing a cas sit er ite
grain in a chal co py rite ag gre gate cut by stannoidite; C – grains of cas sit er ite sur rounded by stannoidite in a chal co py rite ag gre gate with
stannoidite veinlets; D – cobaltite grains and an inter growth of sphalerite I and stannoidite in chal co py rite; E – inter growth of sphalerite II with
na tive bis muth and cobaltite grains; chal co py rite is black; F – cobaltite grains with in clu sions of ga lena with sphalerite I and chal co py rite; G –
ga lena with in clu sions of gersdorffite, bis muth and matildite with chal co py rite and sphalerite II; H – two gen er a tions of sphalerite with chal co -
py rite in am phi bo lite; Mgt II – mag ne tite II; Sph I, II – sphalerite I and II; Ccp – chal co py rite; Gn – ga lena; Bi – na tive bis muth; Cst – cas sit er ite,
bis muthi nite; Sta – stannoidite; Maw – mawsonite; Cbt – cobaltite; Gdf – gersdorffite; Mtd – matildite; Ttr – tetrahedrite
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Fig. 4. Re flected-light (A–C and E) and BSE (D and F–H) im ages il lus trat ing the main fea tures of the min eral as sem blages

A – sphalerite II with in clu sions of stannoidite, chal co py rite and py rite; B – sphalerite I and II intergrown with ga lena and na tive bis muth in
chal co py rite; C – grains and veinlets of ten nan tite-(Zn) within chal co py rite; D – zoned grain of ten nan tite; E – inter growth of bis muth with ga -
lena in chal co py rite with cobaltite grains and sphalerite II; F – bis muthi nite with gustavite and bis muth in sphalerite; G – in clu sions of aikinite
and bis muth in ga lena; H – gustavite in crys tal of ga lena in skarn; Py I, II – py rite I and II; Tnt - ten nan tite; Bin – bis muthi nite; Gus – gustavite;
Aik – aikinite



COBALTITE 

Cobaltite is a com mon ac ces sory min eral in the parage -
nesis. It usu ally oc curs as anhedral grains up to 150 µm in size.
Fine crys tals of this min eral oc cur in chal co py rite (Fig. 3D) or in
quartz and quartz-car bon ate veins which cut the am phi bo lite
schists. It was not ob served in sam ples with mag ne tite.
Cobaltite grains are cross cut by youn ger chal co py rite and cal -
cite veinlets and lo cally they are ac com pa nied by na tive bis -
muth (Fig. 3E) or sur rounded by stannoidite. They con tain in clu -
sions of ga lena (Fig. 3F), na tive bis muth and stannoidite.
Cobaltite may be ac com pa nied by safflorite-löllingite ag gre -
gates which lo cally over grow cobaltite grains. The con tent of Co 
ranges from 24.88 wt.% (0.70 apfu) to 35.68 wt.% (0.96 apfu).
Cobaltite con tains sig nif i cant ad mix tures of Ni – up to 5.88 wt.%
(0.17 apfu) and Fe up to 4.69 wt.% (0.14 apfu). The As/S ra tio is 
close to a stoichiometric value of 1 (0.97–1.00). The em pir i cal
for mula of cobaltite based on the sum of 1 cat ion could be writ -
ten as: (Co0.70-0.95Ni0.01-0.17Fe0.03-0.14)S=0.99-1.01As0.92-1.03S0.92-1.08.

GERSDORFFITE

Gersdorffite is a rare min eral, which oc curs to gether with
ga lena, bis muth and chal co py rite (Fig. 3G) where ir reg u lar
gersdorffite grains are em bed ded in sulphides. Gen er ally, ag -
gre gates of gersdorffite are zonal with Ni-rich cen tres and Ni-Co 
rims. Con tents of Co in the cen tral part reach up to 0.07 apfu
and in the rims up to 0.32 apfu. The Ni-rich cen tre has a small
con tent of Fe and Bi (up to 0.08 and 0.01 apfu re spec tively); the
Co-en riched part con tains sig nif i cant con tents of Fe (up to
0.19 apfu) and Cu (up to 0.11 apfu). While the As/S ra tio in
Ni-rich cen tre ranges from 0.94 to 1.04, the As/S ra tio in Ni-Co
rims reaches up to 0.89. More over the (Ni+Co+Fe)/As ra tio in
the cen tre is 0.89 and in outer zone it is 1.01. The em pir i cal for -
mula of pure gersdorffite based on the sum of 1 cat ion could be
writ ten as:
 (Ni0.87-0.98Fe0.01-0.08Co0.00-0.07Bi0.00-0.01)S=1.00-1.02As0.96-1.11S0.98-1.06 
and those of the Ni-Co rims is
 (Ni0.39-0.40Co0.31-0.32Fe0.18-0.19Cu0.09-0.11)S=0.99-1.00As0.88-0.90S1.01-1.02.

LÖLLINGITE-SAFFLORITE

Diarsenides of the löllingite-safflorite se ries are rare and oc -
cur in ore from am phi bo lite and quartz-car bon ate veins. They
usu ally over grow cobaltite and ar seno py rite grains or form
veinlet struc tures in chal co py rite ag gre gates up to 300 µm
across and con sist of tiny, anhedral and subhedral crys tals
which do not ex ceed 20 µm. The löllingite con tains small
amounts of Cu (up to 0.04 apfu), Co (up to 0.02 apfu) and Ni (up 
to 0.01 apfu). Its gen eral for mula based on the sum of 1 cat ion
could be writ ten as:
(Fe0.96-1.00Cu0.01-0.04 Co0.00-0.02Ni0.00-0.01)S=1.02(As1.92-1.99S0.01-0.08)S=2.00.
The safflorite oc curs as inter growths with löllingite, and does not 
form sep a rate grains. It is chem i cally very vari able and the con -
tent of Co ranges from 0.61 to 0.81 apfu and of As from 1.38 to
1.85 apfu. Safflorite con tains sig nif i cant con tents of Fe (from
0.16 to 0.35 apfu) and small amounts of Cu (from 0.02 to 0.08
apfu). The em pir i cal for mula of safflorite based on the sum of 1
cat ion is:
(Co0.61-0.81Fe0.16-0.35)S=0.96-0.97(As1.38-1.85 S0.12-0.51)S=1.89-1.97.

SPHALERITE

Sphalerite is a com mon min eral in the paragenesis. Two
gen er a tions of sphalerite were iden ti fied (Fig. 3H). The ear lier
sphalerite I con tains fine in clu sions of chal co py rite (Fig. 3A),

rarely pyrrhotite and usu ally oc curs as larger ag gre gates up to
200 µm across in mas sive chal co py rite (Fig. 3E) or as inter -
growths with chal co py rite and mag ne tite. It usu ally shows the
pres ence of voids and cracks. It con tains sig nif i cant con tents of
Cu (up to 0.07 apfu) and Fe (up to 0.05 apfu). Sphalerite II oc -
curs as dis sem i nated crys tals in, or forms inter growths with,
chal co py rite. Sphalerite II con tains tiny in clu sions of stannoidite
(Fig. 4A) and sulphosalts of the gustavite-lillianite se ries but it is
free of chal co py rite in clu sions. Lo cally it is ac com pa nied by
cobaltite, ga lena and na tive bis muth (Fig. 4B). It con tains low
amounts of Fe (up to 0.05 apfu) and Cd (up to 0.02 apfu). The
em pir i cal for mula (based on the sum of one cat ion) of sphalerite 
I is: (Zn0.87-0.95Cu0.02-0.07Fe0.01-0.05)S=0.98-0.99S0.98-1.02 and those of
sphalerite II is: (Zn0.94-1.00Fe0.00-0.05Cd0.00-0.02)S=1.00-1.01S0.97-1.00.

CHALCOPYRITE

Chal co py rite is a main ore min eral in the Miedzianka-Cie -
cha nowice de posit. It forms nest-like, mas sive and ir reg u lar ag -
gre gates up to 1 mm across or scat tered grains in quartz veins
and host rocks (am phi bo lite and seri cite schists). The chal co py -
rite usu ally forms inter growths with sphalerite and con tains in -
clu sions of py rite, bornite, ga lena, cobaltite-gersdorffite,
tetrahedrite-ten nan tite se ries mem bers and bis muth. This min -
eral is also pres ent in sphalerite as fine in clu sions as well as
veinlets in py rite, cobaltite or ar seno py rite, but it lo cally also re -
places ar seno py rite grains. It has small con tents of Bi and Zn
(up to 0.01 apfu). The em pir i cal for mula (based on the sum of
two cat ions) of chal co py rite is Cu0.98-1.00Fe0.99-1.01S1.88-1.94.

CHALCOCITE

This is a rare min eral which was found ex clu sively in the hy -
dro ther mal ore. It oc curs as inter growths with chalcopyrite and
ten nan tite or cre ates tiny in clu sions in chal co py rite. It forms
crys tals up to 20 µm in size. This min eral is close to the the o ret i -
cal chem i cal com po si tion and does not con tain any sig nif i cant
ad mix tures. The em pir i cal for mula of chalcocite based on the
sum of 2 cat ions could be writ ten as: Cu1.99-2.00S1.00-1.01.

TETRAHEDRITE-TENNANTITE SERIES

Mem bers of tetrahedrite-ten nan tite se ries rarely oc cur with
the Sn-Bi paragenesis. They usu ally oc cur as grains or veinlets
which vary in thick ness – from 50 µm to 500 µm (Fig. 4C) – in
quartz and quartz-car bon ate veins. The min er als of  tetra -
hedrite-ten nan tite se ries also forms mas sive ag gre gates a few
mm in size. In clu sions or inter growths with chal co py rite,
sphalerite I and ga lena are com mon. Microprobe anal y ses
showed a pre dom i nance of ten nan tite over tetrahedrite and
Zn-mem bers over Fe mem bers. Four min er als rep re sent this
se ries: tetra hedrite-(Zn), tetrahedrite-(Fe), ten nan tite-(Zn), and
ten nan tite-(Fe). Tetrahedrite-(Zn) and -(Fe) forms inter growths
with ten nan tite-(Zn) and chal co py rite. The an ti mony con tent
reaches up to 26.88 wt.% (3.62 apfu). Tetrahedrite-(Zn) and
-(Fe) con tain some small amounts of Cd (up to 0.07 apfu) and
Ag (up to 0.02 apfu). More over tetrahedrite-(Zn) has a sig nif i -
cant con tent of Bi (up to 0.09 apfu). Ten nan tite-(Fe) is rare and
oc curs as in ner zones which are sur rounded by ten nan tite-(Zn). 
Ten nan tite-(Zn) is the most com mon min eral in the tetra -
hedrite-ten nan tite se ries; it is com monly zonal (Fig. 4D) and
passes into tetrahedrite-(Zn). The ar senic con tent reaches up
20.77 wt.% (4.03 apfu). Some ten nan tite-(Zn) grains show
zonation which is re lated to the con tents of As and Sb (Fig. 4D).
In ad di tion, ten nan tite-(Zn) con tains con tents of Bi (up to 0.06
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apfu), Cd (up to 0.04 apfu) and Ag (up to 0.03 apfu) while ten -
nan tite-(Fe) con tains Cd up to (0.01 apfu). The em pir i cal
formula based on 16 cat ions for tetrahedrite-(Zn) is
(Cu10.02-10.08Ag0.00-0.01Zn1.61-1.62Fe0.37-0.46Cd0.00-0.02)S=12.08-12.11(Sb2.9

7-3.39As0.46-0.75Bi0.00-0.09)S=3.81-3.85S12.78-12.95, for tetrahedrite-(Fe) is
(Cu9.82-9.95Ag0.00-0.02Fe1.11-1.23Zn0.57-0.88Cd0.07)S=11.71-11.94(Sb1.95-2.53

As1.62-2.19)S=4.14-4.15S13.88-14.13, for ten nan tite-(Zn)
(Cu9.76-10.15Ag0.00-0.03Zn0.98-1.54Fe0.45-1.13Cd0.00-0.04)S=11.82-12.26(Sb0.0

0-0.47As3.19-4.03Bi0.00-0.06)S=3.72-4.03S12.71-13.26, for ten nan tite-(Fe)
(Cu10.05-10.23Fe1.06-1.44Zn0.46-0.85Cd0.00-0.01)S=11.97-12.13(Sb0.00-0.41As3.

24-4.00)S=3.65-4.00S12.82-13.11

BISMUTH MINERALS

The Bi min er als are com mon phases in the hy dro ther mal
paragenesis but they are rare in the skarns. Usu ally, they oc cur
as in clu sions or crys tals in ga lena, rarely in chal co py rite. Bis -
muth is the most com mon Bi min eral while the bis muthi -
nite-aikinite se ries, ikunolite, mem bers of gustavite-lillianite se -
ries, berryite and matildite are rare. Bis muth cre ates ag gre -
gates (up to 200 µm) which are over grown by ga lena (Fig. 4E),
cobaltite and py rite. It oc curs also as fine, subhedral in clu sions
(up to 50 µm in size) in ga lena and sphalerite or makes inter -
growths with other bis muth min er als, and is chem i cally ho mo -
ge neous.

Mem bers of the bis muthi nite-aikinite se ries are rare in the
sam ples stud ied. Two mem bers of this se ries, bis muthi nite and
aikinite, were iden ti fied on the ba sis of chem i cal com po si tion.
The bis muthi nite is as so ci ated with bis muth, gustavite and ga -
lena and was found with sphalerite in skarn (Fig. 4F) and in
chal co py rite ag gre gate with ga lena in hy dro ther mal ore. The
de gree of aikinite type (naik) of sub sti tu tion (Bi3+ + � « Pb2+ +
Cu+) was cal cu lated us ing the for mu lae pro posed by Topa et al.
(2002). The bis muthi nite con tains small con tents of Cu (up to
0.06 apfu) and Pb (up to 0.05 apfu) which give naik val ues from
2.25 to 5.26. The em pir i cal for mula of bis muthi nite based on the 
sum of Ag + Bi + Sb + Fe + As + (Pb + Cu)/2 = 8 at oms could be
writ ten as (Bi1.90-1.95Cu0.00-0.06Pb0.00-0.05)S=1.95-2.01S3.08-3.14.

Aikinite was iden ti fied in a sin gle sam ple where it forms fine
inter growths with bis muth in ga lena up to 20 µm in size
(Fig. 4G). It con tains small amounts of Fe (up to 0.02 apfu) and
Se (up to 0.01 apfu). The de gree of aikinite type sub sti tu tion
(naik) ranges from 97.23 to 102.75%. The em pir i cal for mula of
aikinite based on 3 cat ions could be writ ten as
(Pb0.96-1.08Cu0.95-1.01Bi0.96-1.01Fe0.00-0.02)S=2.95-3.04S2.91-2.95Se0.00-0.01.

Ikunolite is very rare and forms tiny in clu sions up to 20 µm
across in sphalerite II. It con tains sig nif i cant con tent of Cu (up to 
0.25 apfu) and con tents of Se (up to 0.05 apfu), Pb (up to 0.04
apfu) and Ag (up to 0.03 apfu). The em pir i cal for mula of
ikunolite based on 4 cat ions could be writ ten as
(Bi3.73-3.76Cu0.17-0.25Pb0.00-0.04 Ag0.00-0.03)S=3.97-4.01S2.97-3.05Se0.00-0.05.

Mem bers of the lilianite ho mol o gous se ries were found in
sam ples from skarns. Three mem bers of this se ries were iden ti -
fied: gustavite-lillianite solid so lu tion, vikingite and heyrovskýite. 
All mem bers of the lillianite se ries are very rare and form fine in -
clu sions up to 30 µm across in sphalerite II ag gre gates.
Gustavite forms inter growths with bis muthi nite (Fig. 4F) or ga -
lena (Fig. 4H) and lo cally is ac com pa nied by lillianite. This min -
eral con tains sig nif i cant con tents of Cu (ranges from 0.10 apfu
to 0.37 apfu) and Se (up to 0.11 apfu). Gustavite is char ac ter -
ized by high Ag+Bi - 2Pb sub sti tu tion (from 83.25 to 104.71%).
The N homo logues value for gustavite ranges from 3.45 to 4.08
(Fig. 5). The em pir i cal for mula of gustavite based on 5 cat ions
could be writ ten as
(Pb1.01-1.14Ag0.82-0.90Bi2.68-2.98Cu0.10-0.37)S=4.96-5.04S5.82-6.12Se0.04-0.11.

Lillianite forms in clu sions in sphalerite II, rarely in ga lena. It
is lo cally ac com pa nied by gustavite and bis muthi nite. Lillianite
con tains high con tents of Ag up to 4.63 wt.% (0.51 apfu) and
con tents of Cu and Cd (up to 0.01 apfu). In com par i son with
gustavite, it is char ac ter ized by sig nif i cantly lower Ag+Bi - 2Pb
sub sti tu tion (from 24.72 to 51.39%). The N homo logues value
for lillianite ranges from 3.89 to 4.00. The em pir i cal for mula of
lillianite based on 5 cat ions could be writ ten as
(Pb1.96-2.39Bi2.24-2.52Ag0.27 -0.51Cu0.00-0.01Cd0.00-0.01)S=4.77-5.14S5.94-6.10.

Vikingite oc curs as inter growths with mem bers of the gusta -
vite-lillianite se ries in sphalerite ag gre gates from skarns. It forms
tiny crys tals up to 20 µm across in ga lena and sphalerite. The
vikingite is Ag-poor, the amounts of Ag rang ing from 2.09 wt.%
(1.19 apfu) to 3.07 wt.% (1.73 apfu). It con tains ad mix tures of Se
up to 0.21 wt.% (0.16 apfu), Cd up to 0.09 wt.% (0.05 apfu) and
Te up to 0.05 wt.% (0.05 apfu). In vikingite a low Ag+Bi - 2Pb
sub sti tu tion (16.56–23.78 %) was re ported. The N homo logues
value for vikingite ranges from 5.25 to 5.64 which is in a good
agree ment with a the o ret i cal value of N=5.5. The em pir i cal for -
mula of vikingite based on 26 cat ions could be writ ten:
(Ag1.19-1.73Bi8.93-9.86Pb14.52-15.84Cd0.01-0.05Te0.00-0.05)S=25.67-26.51S29.96-3

0.73Se0.02-0.16.

Heyrovskýite forms fine in clu sions in sphalerite II ac com pa -
nied by tiny ir reg u lar lillianite ag gre gates. It con tains small ad -
mix tures of Se (up to 0.07 apfu), Te (up to 0.02 apfu), Cd (up to
0.01 apfu) and Cu (up to 0.01 apfu). In this min eral very low
Ag+Bi - 2Pb sub sti tu tion (13.45–16.86%) was ob served. The N
value ranges from 6.42 to 6.60 which is a lit tle away from the
the o ret i cal value N=7. The em pir i cal for mula of heyrovskýite
based on 16 cat ions could be writ ten as
(Pb10.13-10.44Ag0.65-0.81Bi4.87-5.05Te0.00-0.02Cd0.00-0.01Cu0.00-0.01)S=15.84-

16.15S18.15-18.53Se0.01-0.07.

Berryite is a very rare min eral which oc curs in inter growths
with na tive bis muth ac com pa nied by ga lena and matildite in
quartz veins (Fig. 6A). This min eral forms elon gated crys tals up
to 40 µm in size. It con tains ad mix tures of Fe (up to 0.13 apfu)
and Sb (up to 0.01 apfu). The em pir i cal for mula of berryite
based on 15 cat ions could be writ ten as
(Cu2.79-2.93Ag1.92-2.25Pb2.68-2.93Bi6.97-7.21Fe0.05-0.35Sb0.01-0.02)S=15.00-15

.11S16.05.
Matildite was found in ga lena ag gre gates. It usu ally forms

inter growths up to 20 µm across with bis muth, canfieldite and
berryite, rarely with bis muthi nite (Fig. 6A–C). This min eral has a
low con tent of Se, from 0.66 to 1.16 wt.% (from 0.03 up to 0.06
apfu), and of Pb from 0.51 to 1.08 wt.% (up to 0.02 apfu). The em -
pir i cal for mula of matildite based on 2 cat ions could be writ ten as
(Ag0.94-0.97Bi0.99-1.02Pb0.00-0.02)S=1.96-1.98S1.93-2.07Se0.03-0.06.

SILVER MINERALS

Sil ver min er als are not very com mon in the paragenesis
stud ied. Gen er ally, only a few such min er als could be found in
quartz-car bon ate veinlets. They are ac com pa nied by ga lena
and bis muth and form small inter growths with these min er als.
They lo cally form tiny in clu sions in ga lena crys tals. Three min er -
als (ex cept for Bi-bear ing sil ver-en riched phases) rep re sent a
group of sil ver min er als in clud ing canfieldite, acanthite and
matildite.

Canfieldite is a very rare min eral, which was iden ti fied in two 
sam ples only. It forms tiny inter growths up to 20 µm in size with
ga lena, sphalerite, bis muth and matildite or fine veinlets in ga -
lena (Fig. 6B, C). Canfieldite has a very high con tent of Te: up to 
19.11 wt.% (up to 2.07 apfu) and ad mix tures of Bi (up to 0.19
apfu), Pb (up to 0.14 apfu), Fe (up to 0.06 apfu), Sb (up to 0.02
apfu) and Se (up to 0.02 apfu). The high con tent of tel lu rium al -
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lows to iden tify the stud ied phase as a Te-rich canfieldite. The
em pir i cal for mula of Te-rich canfieldite based on 9 cat ions could 
be writ ten as
(Ag7.71-7.87Bi0.02-0.19Pb0.00-0.14Sn0.94-1.02Fe0.04-0.06Sb0.01-0.02)S=8.99-9.03

S4.24-4.32Te2.01-2.07.
Acanthite is a very rare min eral. It forms tiny in clu sions in

ga lena ag gre gates up to 30 µm across. It con tains small ad mix -
tures of Cu (up to 0.02 apfu), Sb (up to 0.01 apfu) and Fe (up to
0.01 apfu). The em pir i cal for mula of acanthite based on 2 cat -
ions could be writ ten as
 (Ag1.97-1.98Cu0.00-0.02Sb0.00-0.01Fe0.00-0.01)S=1.99-2.00S0.97-1.04.

GALENA

Ga lena is a com mon min eral in the sam ples stud ied; how -
ever, it usu ally oc curs in mi nor amounts. Two gen er a tions of
this min eral were dis cov ered. Ga lena I oc curs as tiny crys tals
up to 80 µm across in skarns where it is ac com pa nied by
sphalerite II, chal co py rite and mag ne tite II or forms inter growths 
up to 200 µm in size with chal co py rite, sphalerite I and II, bis -
muth (Fig. 4E), cobaltite, gersdorffite, berryite (Fig. 6A),
matildite and canfieldite (Fig. 6B, C) in hy dro ther mal veins.
More over, it also con tains in clu sions of gustavite (Fig. 4H),
lillianite, bis muth, aikinite (Fig. 4G) and matildite (Fig. 3G). Ga -
lena I has sig nif i cant ad mix tures of Se (up to 0.06 apfu), Bi (up
to 0.04 apfu) and Ag (up to 0.04 apfu) and also Fe (up to 0.02
apfu). Ga lena II oc curs in hy dro ther mal quartz and quartz-car -
bon ate veins and fills cracks in chal co py rite, py rite and
sphalerite II. It rarely sur rounds grains of cobaltite and
sphalerite I grains or oc curs as tiny in clu sions in them. It usu ally
does not con tain any ad mix tures though some ga lena crys tals
have small con tents of Fe and Cu (up to 0.01 apfu). The em pir i -
cal for mula of ga lena I based on 1 cat ion could be writ ten as
(Pb0.92-0.98Bi0.01-0.04Ag0.00-0.04Fe0.00-0.02)S=1.00-1.01(S0.96-1.03Se0.00-0.06)S

=1.02-1.03 and those of ga lena II is
 (Pb0.98-1.00Fe0.00-0.01Cu0.00-0.01)S=1.00S1.00-1.04.

TIN SULPHIDES

The Sn sulphides are wide spread in the sam ples stud ied
and were found in quartz and quartz-car bon ate veins. They oc -
cur as ir reg u lar ag gre ga tions, veinlets and in clu sions in chal co -
py rite, rarely in sphalerite. Grains of cas sit er ite and roquesite
are over grown by tin sulphides, mainly stannoidite and
mawsonite, and less by a ferrokësterite-like phase.

Stannoidite is the most com mon tin sul phide in the Mie -
dzian ka- Cie chanowice de posit. Mostly it forms ir reg u lar ag gre -
gates up to 300 µm in size in chal co py rite and veinlets up to 1
mm across cut ting chal co py rite ag gre gates (Fig. 6D).
Stannoidite lo cally forms tiny in clu sions in chal co py rite and
sphalerite II (Fig. 4A). More over, this min eral fills parts of voids
in chal co py rite and cobaltite grains (Fig. 6E). The con tent of Sn
var ies from 15.81 wt.% (1.71 apfu) to 18.90 wt.% (2.21 apfu)
and the con tent of Fe reaches up 12.70 wt.% (2.97 apfu). In this
min eral, a wide range of Cu con tents from 35.32 wt.% (7.15
apfu) to 40.32 wt.% (8.22 apfu) was ob served (Fig. 7A). In ad di -
tion, stannoidite oc cur ring in sphalerite II is en riched in Zn from
2.57 wt.% (0.51 apfu) to 5.04 wt.% (1.02 apfu). Stannoidite is
char ac ter ised by high Zn-Fe sub sti tu tion and only oc ca sion ally
it con tains small con tents of trace el e ments (up to 0.05 apfu of
As, up to 0.01 apfu of In, Ag and Pb). The em pir i cal for mula of
stannoidite based on the sum of 13 cat ions could be writ ten as
Cu7.15-8.22Fe2.01-2.97Sn1.71-2.21Zn0.51-1.02S11.31-12.28. 

Mawsonite usu ally oc curs at the edges of voids in chal co py -
rite and sur rounds grains of cas sit er ite in chal co py rite ag gre -
gates (Fig. 3B). It was found also in bornite grains where it
forms fine zones up to 20 µm across. The con tent of Sn
reaches up to 14.04 wt.% (1.03 apfu). This min eral con tains the
high est amounts of Fe, up to 14.02 wt.% (2.13 apfu), and Cu
from 44.08 wt.% (5.88 apfu) to 47.87 wt.% (6.34 apfu). More -
over, mawsonite is usu ally chem i cally pure and does not con -
tain any ad mix tures, es pe cially of Zn which is pres ent in other
tin phases in the Miedzianka-Ciechanowice de posit (Fig 7B).
The em pir i cal for mula of mawsonite based on the sum of 9 cat -
ions could be writ ten as Cu5.88-6.34Fe1.88-2.13Sn0.98-1.03S7.67-8.07.
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Fig. 5. Compositional plot of Bi sulphosalts in terms of the (Cu+Ag) – (Pb) – (Bi+Sb) tri an gle (in apfu)
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Fig. 6. BSE im ages (A–C, E) and re flected light (D, F) il lus trat ing the main fea tures of min eral as sem blages

A – inter growths of bis muth, berryite, matildite in chal co py rite; B – inter growths of matildite, ga lena, bis muth and canfieldite in chal co py rite; C
– inter growths of na tive bis muth with ga lena, matildite and canfieldite in a chal co py rite ag gre gate; D – veinlets of stannoidite in chal co py rite
and py rite I; E – ag gre gates of stannoidite with sphalerite I, a cobaltite grain and bis muth in chal co py rite; F – ferrokësterite at the edge of a
chal co py rite crys tal and two gen er a tions of sphalerite with stannoidite; Fks – ferrokësterite; Cfi – canfieldite; Bry – berryite



The ferrokësterite-like phase is very rare. It is ac com pa nied
by chal co py rite, py rite and sphalerite I. It forms fine ag gre gates
up to 20 µm in size in chal co py rite or oc curs at the edges of
chal co py rite ag gre gates (Fig. 6F). This phase is rich est in tin
among all the tin sulphides iden ti fied, the con tent of Sn rang ing
from 21.52 wt.% (0.76 apfu) to 27.31 wt.% (0.99 apfu). It is also
char ac ter ised by the low est con tent of Cu, rang ing from
29.18 wt.% (1.98 apfu) to 33.92 wt.% (2.16 apfu; Fig. 7C). The
ferrokësterite is char ac ter ised by Zn-Fe sub sti tu tion. The con -
tent of Fe var ies from 4.86 wt.% (0.38 apfu) to 10.43 wt.% (0.78
apfu) in ferrokësterite hosted by chal co py rite ag gre gates and
Zn ranges from 3.55 wt.% (0.23 apfu) to 9.17 wt.% (0.60 apfu) in 
grains ac com pa nied by sphalerite I. This min eral con tains only
small con tents of Cd (up to 0.01 apfu). The em pir i cal for mula of
the ferrokësterite-like phase based on the sum of 4 cat ions
could be writ ten as Cu1.98-2.22Zn0.23-0.60Fe0.38-0.78Sn0.76-0.99S3.79-3.90.

A com par i son of compositional data for all tin sulphides
iden ti fied from the Miedzianka-Ciechanowice de posit is shown
in a tri an gu lar di a gram (Fig. 7D).

ROQUESITE

This is a very rare min eral which was found in the chal co py -
rite-stannoidite paragenesis in am phi bo lite. This min eral is ac com -
pa nied by sphalerite I, bornite and cas sit er ite. Roquesite forms
hypautomorphic grains up to 20 µm across. It is chem i cally pure
with low con tents of Fe – max. 0.05 apfu and Ga – max. 0.02 apfu. 
The em pir i cal for mula of roquesite based on 2 cat ions could be
writ ten as (Cu1.01-1.04In0.89-0.93Fe0.04-0.05Ga0.02)S=2.00S1.82-1.86.

BORNITE

This min eral usu ally forms inter growths with chal co py rite,
sphalerite and py rite. Some bornite crys tals con tain in clu sions
of mawsonite and are ac com pa nied by mem bers of the
tetrahedrite-ten nan tite se ries. Bornite is close to the the o ret i cal
com po si tion and only rarely it con tains small amounts of Bi up
to 0.36 wt.% (0.01 apfu). The em pir i cal for mula of bornite based 
on 6 cat ions could be writ ten as Cu4.96-4.97Fe0.99-1.02S3.93-4.05.
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Fig. 7. Compositional re la tion ships in the tin sulphides from the Miedzianka-Ciechanowice de posit

A – di a gram of Cu vs. Cu+Sn; B – di a gram of Fe/(Fe+Zn) vs. S cat ions/S; C – di a gram of Cu/(Cu+Sn) vs. Fe/(Fe+Zn); D – compositional
plot of Sn sulphides in terms of the (Cu+Ag) – (Sn+In) – (Fe+Zn+Cd) tri an gle (in apfu) from Miedzianka-Ciechanowice and Rêdziny

(Pieczka et al., 2009)



DISCUSSION

BISMUTH MINERALIZATIONS

Bis muth-bear ing min eral as so ci a tions are wide spread in
many dif fer ent ge netic types of hy dro ther mal min er al iza tion in
the Sudety Mts. (Mochnacka and Banaœ, 2000; Pieczka et al.,
2009; Mochnacka et al., 2009; Go³êbiowska et al., 2012;
Pietrzela, 2019; Foltyn et al., 2023; Muszyñski et al., 2023). The 
most com mon min eral is bis muth while Bi sulphosalts are rare.
In the Miedzianka-Ciechanowice de posit, bis muth min er als are
ac ces sory and are rep re sented mainly by bis muth, less so by
di verse Bi sulphosalts. A sim i lar paragenesis of Bi min er als was 
de scribed in hy dro ther mal mineralizations at Rêdziny (Pieczka
et al., 2009; Go³êbiowska et al., 2012), Che³miec (Muszyñski et
al., 2023), Czarnów (Mochnacka et al., 2009), Radzimowice
(Mikulski, 2005), Stara Kamienica–Gierczyn- Prze cznica area
(Foltyn et al., 2023) and Szklarska Porêba- Huta (Koz³owski
and Karwowski, 1975; Koz³owski et al., 1975; Olszyñski et al.,
1976; Pieczka and Go³êbiowska, 2012). 

The Rêdziny de posit, lo cated in mar bles in the con tact zone 
of the Karkonosze Gran ite, con tains var i ous Bi min er als, in clud -
ing: ikunolite, mem bers of the giessenite-izoklakeite se ries,
gustavite, berryite, cosalite, pavonite, benjaminite, min er als of
the aikinite-bis muthi nite se ries, wittichenite and matildite
(Piecz ka et al., 2009; Go³êbiowska et al., 2012). In con trast to
Miedzianka-Ciechanowice, they form larger crys tals and ag gre -
gates up to 1 mm in size within ar seno py rite crys tals, sphalerite, 
ga lena and co-oc cur ring with chal co py rite and other sub or di -
nate ore min er als (Pieczka et al., 2009). More over some bis -
muth min er als oc cur within min er als of the tetrahedrite group
(both Ag- and Bi-free and en riched; Pieczka et al., 2009). In ad -
di tion some Bi-sulphosalts are en riched in Ag (Ag-rich
wittichenite and cosalite) or re lated to Ag-bear ing phases and
form as sem blages of Ag(Cu)–Pb–Bi(Sb) sulphosalts (Pieczka
et al., 2009; Pieczka and Go³êbiowska, 2012). More over, bis -
muth sulphoselenides and sulphotellurides – ikunolite,
joséite-A, joséite-B and tetradymite – were de scribed from
quartz-chlorite-ar seno py rite veins (Pieczka et al., 2009). Typ i -
cal for both lo cal i ties is Ag+Bi-2Pb sub sti tu tion in var i ous
phases, and ga lena is re ported. Ac cord ing to Pieczka et al.
(2009) the pre cip i ta tion of Ag(Cu)–Pb–Bi(Sb) sulphosalts
started at ~350–330°C from crys tal li za tion of pavonite,
benjaminite, gustavite, berryite, mem bers of the giessenite-
izoklakeite se ries, cosalite, matildite and wittichenite which are
as so ci ated with Ag-rich ga lena. In the next stage, at tem per a -
tures of 300–250°C, mem bers of the aikinite group formed
(Pieczka et al., 2009). On the base of the sim i lar i ties and close
prox im ity of Miedzianka and Redziny, we sug gest a sim i lar
range of crys tal li za tion tem per a tures for the Bi-bear ing
paragenesis.

In the Che³miec de posit, the Bi min er al iza tion is rep re -
sented by com mon bis muthi nite, rare bis muth and matildite
which has no re la tion ship to other Bi min er als and oc curs as
sep a rate crys tals (Muszyñski et al., 2023). The Bi min er als oc -
cur in a Ni-Co paragenesis es pe cially with mas sive sulpharse -
nides (gersdorffite and cobaltite) with no ga lena, which is in a
huge con trast to the Miedzianka-Ciechanowice de posit.

Ac ces sory Bi min er al iza tion in the form of tiny in clu sions or
inter growths of Bi-bear ing min er als in polymetallic ores have
been found in many hy dro ther mal de pos its in the Sudeten Mts., 
for in stance in the Czarnów polymetallic vein-type de posit
(Mochnacka et al., 2009), the Au–As–Cu quartz-sul phide vein
type de posit in Radzimowice (Mikulski, 2005; Mikulski and Wil -
liams, 2014), the Gierczyn-Przecznica area in the Stara

Kamienica Schist Belt (Wiszniewska, 1983; Foltyn et al., 2023)
and in the peg ma tite, aplogranite and quartz vein with W-Sn-Mo 
min er al iza tion in Szklarska Porêba-Huta (Olszyñski et al. 1976;
Pieczka and Go³êbiowska, 2002). In Czarnów, four Bi min er als
were de scribed: bis muth, bis muthi nite, ikunolite and bismite
(Mochnacka et al. 2009), which, sim i larly to Miedzianka-
Ciechanowice, are as so ci ated with ga lena. In Radzimowice the
Bi sulphosalts are rep re sented by treasurite, gustavite and
aikinite and are ac com pa nied by bis muth and bis muthi nite
(Mikulski, 2005). More over, the Bi tellurides rucklidgeite and
volynskite were dis cov ered (Mikulski and Wil liams, 2014). In
con trast to Miedzianka-Ciechanowice, na tive bis muth oc curs
as in clu sions in ar seno py rite though also as inter growths with
bis muthi nite in car bon ate gangue (Mikulski, 2007). In the Stara
Kamienica Schist Belt, in the Gierczyn-Przecznica area, the Bi
min er al iza tion is rep re sented mostly by bis muth and garavellite
(Foltyn et al., 2023). Sim i larly, to Miedzianka-Ciechanowice,
they oc cur in chal co py rite and are ac com pa nied by ga lena and
stannite. In the Szklarska Porêba-Huta quarry, the wolf ram -
ite-schee lite-cas sit er ite min er al iza tion is as so ci ated with bis -
muthi nite, na tive bis muth, Bi sulphides and sulphosalts in clud -
ing mem bers of aikinite se ries, cosalite, ikunolite and joséite-A.
The Bi min er al iza tion is as so ci ated with mo lyb de nite, chal co py -
rite, py rite, sphalerite, pyrrhotite and marcasite (Koz³owski and
Karwowski, 1975; Koz³owski et al., 1975; Olszyñski et al., 1976;
Pieczka and Go³êbiowska, 2012). Ac cord ing to Koz³owski et al.
(2002) the bis muthi nite was formed at 270–245°C, and the na -
tive bis muth at 265 and 135°C. How ever Bi mineralizations rep -
re sented by na tive bis muth and bis muthi nite have also been re -
ported in the Kowary (Mochnacka nad Banaœ, 2000) and
Krobica-Gierczyn ar eas (Pietrzela, 2019).

An other de posit which con tains var i ous bis muth min er als is
the Obøí dùl Fe–Cu–As polymetallic sul phide skarn de posit in
the West Sudetes, Bo he mian Mas sif, Czech Re pub lic
(Veselovský et al., 2018). This de posit has some paragenetic
and geo chem i cal sim i lar i ties to the Miedzianka-Ciechanowice
de posit. At both lo ca tions, base metal min er al iza tion is re lated
to the Variscan in tru sion of the Karkonosze-Izera Pluton. In ad -
di tion, the Obøí dùl de posit is hosted by a por phy ritic bi o tite
gran ite, lo cated a few hun dred metres away from the con tact
with the Variscan Karkonosze-Izera Plutonic Com plex
(Ackerman et al., 2017; Veselovský et al., 2018). The de posit
con sists of three skarn orebodies which are re lated to re gional
and con tact meta mor phism and hy dro ther mal stages
(Ackerman et al., 2017; Veselovský et al., 2018). In con trast to
the Miedzianka-Ciechanowice de posit, pyrrhotite and ar seno -
py rite pre dom i nate in Obøí dùl while Bi min er al iza tion, rep re -
sented by bis muth, bis muthi nite and matildite, is very rare
(Veselovský et al., 2018). The bis muth min er als usu ally form
tiny in clu sions in ar seno py rite, ga lena and sil i cates (di op side
and gar net) but na tive bis muth also forms as so ci a tions with mo -
lyb de nite and pyrrhotite (Veselovský et al., 2018). In con trast to
Miedzianka-Ciechanowice, the bis muthi nite con tains ad mix -
tures of Cd (0.3–0.6 wt.%) and Zn (0.1–0.2 wt.%; Veselovský et
al., 2018).

CASSITERITE

Tin-bear ing min er al iza tion in the Sudety Mts. is rep re sented 
mainly by cas sit er ite, less com monly by tin sulphides. The most
wide spread min eral, cas sit er ite, oc curs at many lo cal i ties, in -
clud ing the Stara Kamienica Schist Belt (Piestrzyñski and
Mochnacka, 2003; ¯elaŸniewicz et al., 2003; Pietrzela, 2019;
Ma³ek and Mikulski, 2021), Rêdziny (Mochnacka et al., 2001;
Pieczka et al., 2007), Szklarska Porêba-Huta (Koz³owski et al.,
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1975; Koz³owski and Sachanbiñski, 2007), Czarnów (Mikulski,
2007, 2010; Mochnacka et al., 2009) and Pi³awa Górna
(Pieczka et al., 2013).

Cas sit er ite is the main tin min eral in the stratiform de posit in
the Krobica-Gierczyn area in the Stara Kamienica Schist Belt.
Two gen er a tions of cas sit er ite, which form dis sem i na tions in
chlorite-mica-quartz schists, were dis tin guished (Wiszniewska
et al., 1998; Zygo et al., 2023). They form grains mainly up to
0.2 mm in size (Mochnacka, 1985; Pietrzela, 2019). Sim i larly to
the Miedzianka-Ciechanowice de posit, cas sit er ite oc curs in
paragenesis with sulphides and sulphosalts (Pietrzela, 2019):
sphalerite, pyrrhotite, chal co py rite, ga lena, tetrahedrite, py rite,
marcasite, bis muth, bis muthi nite and bis muth sulphosalts
(Karwowski and W³odyka, 1981; Wiszniewska, 1984; Pietrzela,
2019). It usu ally cre ates ir reg u lar ag gre gates, inter growths with
sphalerite, chal co py rite, pyrrhotite and ga lena, or anhedral
grains (Pietrzela, 2019; Zygo et al., 2023). In places, sulphides
sur round cas sit er ite grains and fill voids among these grains
(Wiszniewska, 1984). More over, cas sit er ite is ac com pa nied by
il men ite, rutile, mag ne tite and gar net (Wiszniewska et al., 1998, 
Michniewicz et al., 2006, Pietrzela, 2019) and con tains in clu -
sions of chlorite (Wiszniewska, 1984). Ac cord ing to pre vi ous re -
search the first gen er a tion of cas sit er ite crys tal lized at the be -
gin ning of the high-tem per a ture stage, in a tem per a ture range
of 460–420°C, whereas the sec ond one crys tal lized to gether
with sulphides at 365–325°C (Wiszniewska et al., 1998; Ma³ek
and Mikulski, 2021). The or i gin of min er al iza tion is not fully
known, how ever, the pres ence of ad mix tures of In (up to
0.15 wt.%) and Ta (up to 0.4 wt.%) sug gests the hy dro ther mal
or i gin of cas sit er ite (Pietrzela, 2019). Cassiterites in the
Miedzianka-Ciechanowice de posit also con tain ad mix tures of
In2O3 and Ta2O5 (up to 0.53 wt.% and 0.18 wt.%, re spec tively),
which can sug gest their hy dro ther mal or i gin. Ac cord ing to
Wiszniewska (1984) and Mochnacka et al. (2015), the or i gin of
cas sit er ite, sulphides and sulphosalts is re lated to hy dro ther mal 
so lu tions con nected with the Variscan evo lu tion of the
Karkonosze Gran ite. How ever, the source of hy dro ther mal flu -
ids may be in the Izera Gran ite (Michniewicz et al., 2006). Due
to the sim i lar ity of cas sit er ite oc cur rence in the same
paragenesis with sulphides and sulphosalts (Wiszniewska,
1984; Pietrzela, 2019), and the pres ence of ad mix tures of In
and Ta, it can be in ferred that cas sit er ite from the Krobica-
Gierczyn area and Miedzianka-Ciechanowice de posit is re lated 
to hy dro ther mal flu ids from the Karkonosze Gran ite. 

Cas sit er ite is one of the main ore min er als in Rêdziny
(Pieczka et al., 2007). It cre ates dis sem i nated grains and oc -
curs with sulphides and sulpharsenides in schists which cut the
do lo mite lens and in quartz-chlorite-ar seno py rite veins (Pieczka 
et al., 2009). Sig nif i cant ac cu mu la tion of this min eral oc curs
also in quartz-cas sit er ite-he ma tite-sul phide veins and nests.
More over, small in clu sions of cas sit er ite were found in
sphalerite-ferrokësterite-chal co py rite as sem blages (Pieczka et
al., 2009). Cas sit er ite is usu ally ac com pa nied by ar seno py rite,
pyrrhotite, py rite (Pieczka et al., 2007) and, sim i larly to cas sit er -
ite II from the Miedzianka-Ciechanowice de posit, some cas sit -
er ite grains are sur rounded by youn ger tin-bear ing sul fides:
stannite, stannoidite and mawsonite. In ad di tion, in min eral
phases from both de pos its, tin is re placed by Fe, up to 2.0 wt.%
Fe2O3 in Rêdziny and up to 2.99 wt.% FeO in Miedzianka-
Ciechanowice. Cas sit er ite from Rêdziny has slightly higher con -
tents of Ti (up to 2.6 wt.% TiO2) and WO3 (up to 1.2 wt.%),
(Pieczka et al., 2009) than in the re search area where ad mix -
tures of TiO2 and WO3 reach up 0.69 wt.% and 0.15wt.% re -
spec tively. In con trast to the Miedzianka-Ciechanowice de posit
where cas sit er ite has con tents of Ta2O5 (up to 0.18 wt.%) and
Nb2O5 (up to 0.03 wt.%), cas sit er ite from Rêdziny does not con -

tain ad mix tures of Ta and Nb (usu ally be low de tec tion lim its). In
con trast to Miedzianka-Ciechanowice, some cas sit er ite grains
show os cil la tory zonation which de pends on Fe con tent: dark
zones are Fe-rich, brighter bands are Fe-poor (Pieczka et al.,
2009). Ac cord ing to Pieczka et al. (2009) cas sit er ite was
formed dur ing the fi nal stage of ar seno py rite for ma tion at tem -
per a tures from 412 to 285°C. Un doubt edly, the or i gin of cas sit -
er ite at Miedzianka-Ciechanowice is re lated to high-tem per a -
ture hy dro ther mal flu ids which were fol lowed by the sul phide
me dium and low-tem per a ture stage of vein min er al iza tion.

In the quarry at Szklarska Porêba-Huta, cas sit er ite was
found in aplogranite and quartz veins with wolf ram ite-sulphide
min er al iza tion (Koz³owski et al., 1975, 2002). It forms dis -
persed, subhedral grains ac com pa nied by schee lite, wolf ram -
ite, mo lyb de nite, chal co py rite and py rite (Koz³owski et al., 2002; 
Mikulski and Stein, 2007; Mil et al., 2024). Sim i larly to
Miedzianka-Ciechanowice, the cas sit er ite con tains small ad -
mix tures of Fe (3–1 wt.%), Nb (to 0.2 wt.%) and Ta (to 0.1 wt.%; 
Koz³owski et al., 2002). Ac cord ing to fluid in clu sion re search,
the cas sit er ite crystalized at tem per a tures of 515–470°C
(Koz³owski et al., 2002).

Ac ces sory cas sit er ite in the form of small, dis sem i nated
grains was found in the Czarnów (Mikulski et al., 2007; Zygo et
al., 2023) and Pi³awa Górna de pos its (Pieczka et al., 2013). In
the Czarnów polymetallic de posit, cas sit er ite was rec og nized in 
a chal co py rite-sphalerite-cas sit er ite ore and its pres ence char -
ac ter izes an early stage of crys tal li za tion (Mikulski et al., 2007;
Mikulski, 2010). It is ac com pa nied mainly by ar seno py rite, and,
to lesser ex tent, by chal co py rite, pyrrhotite, and py rite. Cas sit er -
ite oc curs as ag gre gates of euhedral or subhedral crys tals up to 
1 mm in size which form inter growths with ar seno py rite (Zygo et 
al., 2023). Two types of cas sit er ite were dis tin guished:
coarse-grained and fine-grained. They crys tal lized at tem per a -
tures of 440–384°C and 340–300°C, re spec tively (Mikulski et
al., 2007; Zygo et al., 2023). In con trary to cas sit er ite from the
Miedzianka-Ciechanowice de posit, it con tains higher ad mix -
tures of In (from 0.2 to 2.6 wt.%), Ta (from 0.15 to 0.70 wt.%),
how ever, it also has low con tents of Nb2O5 (from 0.1 to
0.42 wt.%; Mikulski, 2007), TiO2 (up to 0.2 wt.%) and WO3 (up
to 0.13 wt.%; Mochnacka et al., 2009). 

TIN SULPHIDES

The most wide spread Sn sul phide in the Sudety Mts. is
stannite, which was re ported in Rêdziny (Pieczka et al., 2009),
Czarnów (Mochnacka et al., 2009), the Krobica-Gierczyn area
(Karwowski and W³odyka, 1981), Przecznica (Foltyn et al.,
2023) and Radzimowice in the Kaczawa Mts. (Zimnoch, 1965,
Mikulski, 2005). How ever, it rep re sents only ac ces sory min er al -
iza tion. The tin mineralizations de scribed from the Miedzianka-
Ciechanowice area in volv ing stannoidite, mawsonite and
ferrokësterite are not very com mon and oc cur in the Rêdziny
(Pieczka et al., 2009) and Czarnów de pos its (Mochnacka et al.,
2009; Mikulski, 2010). 

The Rêdziny de posit is char ac ter ised by the pres ence of
var i ous as sem blages along with Sn-bear ing sulphides. They
are rep re sented by tiny in clu sions up to 10 µm across of
kësterite, èernýite and stannite in Ag-rich ga lena and in clu sions
of ferrokësterite in sphalerite (Pieczka et al., 2009). In ad di tion,
mawsonite, stannoidite and stannite co ex ist with chal co py rite
and Ag-rich phases in clud ing Ag-rich bornite, Ag-rich ga lena,
Ag- and Bi-bear ing tetrahedrite, and Ag-bear ing ga lena
(Pieczka et al., 2009). Sim i larly to the Miedzianka-Ciecha -
nowice de posit, these Sn-bear ing sulphides sur round the older
cas sit er ite grains (Pieczka et al., 2009; Go³êbiowska et al.,
2012). Within stannoidite ag gre gates in the con tact zone with
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cas sit er ite, an ir reg u lar ag gre gate of chatkalite was found
(Pieczka et al., 2009). Stannoidite, stannite and mawsonite
usu ally do not con tain any ad mix tures; how ever, in con trast to
the Miedzianka-Ciechanowice area, some stannoidite has sig -
nif i cant con tents of Zn (up to 3.0 wt.%) and Ag (up to 2.0 wt.%).
Stannite and mawsonite con tain Ag con cen tra tions up to
0.8 wt.% and 1.3 wt.%, re spec tively (Pieczka et al., 2009). The
tin-bear ing sulphides of Rêdziny co ex ist with sil ver min er als
(Pieczka et al., 2009), which is in con trast to the area stud ied,
where there oc curs an Ag-poor as so ci a tion. Ac cord ing to
Pieczka et al. (2009) the pre cip i ta tion of Sn sulphides be gan at
lower tem per a tures than that of cas sit er ite un der in creas ing ac -
tiv ity of Bi and Ag. Ferrokësterite and Zn-rich stannite crys tal -
lized in a tem per a ture range 340–270°C, whereas stannite and
chatkalite had formed at ~270–260°C, stannoidite at <270°C
and mawsonite at ~240°C (Pieczka et al., 2009). A sim i lar
paragenetic se quence is ob served in the stud ied min er al iza tion 
at Miedzianka-Ciechanowice, where cas sit er ite is older than Sn 
sulphides and base metal paragenesis.

In the Czarnów polymetallic vein de posit, the Sn sulphides
are rep re sented by stannite, which was not dis cov ered in
Miedzianka-Ciechanowice, and ferrokësterite. Stannite forms
inter growths up to 20 µm in size with ga lena or sphalerite and
oc curs in pyrrhotite or at the bor der of pyrrhotite and chal co py -
rite grains in quartz veins (Mikulski, 2010). Stannite con tains
sig nif i cant amounts of Zn, up to 4.12 wt.%. The pres ence of Zn
in stannite can sug gest an ac tiv ity of high-tem per a ture flu ids
(Pieczka et al., 2009). Ferrokësterite forms tiny in clu sions in
sphalerite and chal co py rite and con tains sig nif i cant amounts of
Zn (av er age up to 4.95 wt.%). How ever, in con trast to ferro -
kësterite from the Miedzianka-Ciechanowice area, it has ad -
mix tures of Ag (up to 0.69 wt.%), Cd (up to 0.24 wt.%), In (up to
0.22 wt.%) and Se (up to 0.1 wt.%; Mochnacka et al., 2009).
The chem i cal com po si tion of ferrokësterite in di cates that the
pre cip i ta tion of Sn sulphides in the Czarnów de posit is re lated
to hy dro ther mal flu ids. The crys tal li za tion tem per a ture of this
min eral is es ti mated at 320 ±5°C (Mochnacka et al., 2009) and
this is con sis tent with the data from the Rêdziny de posit
(Pieczka et al., 2009). The or i gin of Sn sulphides from Mie -
dzian ka-Ciechanowice can be re lated to hy dro ther mal flu ids
and we sug gest their sim i lar ity to the Rêdziny and Czarnów
range of crys tal li za tion tem per a ture.

The source of Sn was con nected with the pneu mato lyt ic-hy -
dro ther mal stage within the Karkonosze Gran ite in tru sion.
Among Sn-bear ing min er als, cas sit er ite rep re sents the old est
Sn phase which ad di tion ally in di cates the ac tiv ity of hy dro ther -
mal so lu tions. Based on crys tal li za tion tem per a ture and ad mix -
tures, two gen er a tions of this min eral were dis tin guished. Pre vi -
ous fluid in clu sion re search (Wiszniewska et al., 1998;
Koz³owski et al., 2002; Ma³ek and Mikulski, 2021) showed that
cas sit er ite I crys tal lized at the be gin ning of the high-tem per a -
ture stage at tem per a tures of 515–420°C, and cas sit er ite II was
formed at 360–325°C in a high-tem per a ture sul phide stage.
The Sn sulphides pre cip i tated at lower tem per a tures than cas -
sit er ite (340–240°C) in the fol low ing se quence: ferrokësterite ®

stanine ® stannoidite ® mawsonite (Pieczka et al., 2009). In
ad di tion, the pres ence of ad mix tures such as In, Nb, Ta, Fe, Ti
and W cor rob o rates the high-tem per a ture pneu mato lyt ic–hy -
dro ther mal na ture of the cassiterites within the meta mor phic
cover of the Karkonosze Gran ite in Miedzianka-Ciechanowice,
Rêdziny, Czarnów, the Stara Kamienica Schist Belt and
Szklarska Porêba. Hy dro ther mal so lu tions had fa vour able con -
di tions for pen e tra tion into the sur round ing rocks due to the oc -
cur rence of nu mer ous faults and frac tures. In many above-
men tioned lo ca tions, the Sn min er als are ac com pa nied by
Bi-bear ing and base metal min er als. Such min eral as sem -
blages in di cate min er al iza tion vary ing from high to low tem per a -
tures. More over, other sim i lar i ties (i.e. sim i lar chem i cal com po -
si tions and struc tural re la tions) in di cate a com mon or i gin of the
Cu-Sn-Bi min er al iza tion and its re gional na ture which is likely
re lated to the in tru sion of the Karkonosze Gran ite. The Cu-Sn-
Bi(Ag) paragenesis is com mon, es pe cially in the north ern and
east ern parts of meta mor phic cover of the Karkonosze-Izera
Gran ite.

CONCLUSIONS

1. Two stages of Cu-Sn-Bi paragenesis were dis cov ered in
the Miedzianka-Ciechanowice de posit: a high-tem per a ture
min er al iza tion stage in skarn and me dium and a low-tem per a -
ture stage of vein min er al iza tion.

2. In the Miedzianka-Ciechanowice area, two gen er a tions of 
cas sit er ite were found: in skarn and in quartz veins. The pres -
ence of ad mix tures of In, Nb and Ta dem on strate a ge netic re la -
tion be tween both cas sit er ite gen er a tions from the Karkonosze
Gran ite.

3. Var i ous Bi sulphosalts are rare in the Miedzianka-Ciecha -
nowice de posit and oc cur in ga lena and sphalerite. The EPM
anal y ses show a wide range of Ag+Bi - 2Pb sub sti tu tion.

4. Phases of the lillianite ho mol o gous se ries are char ac ter -
ized by a low de gree (<25%) of Ag+Bi - 2Pb sub sti tu tion, ex cept 
for gustavite (>90%).

5. The tin sulphides are rep re sented by com mon
stannoidite, rare mawsonite and a ferrokësterite-like phase
which con tains up to 27.31 wt.% of Sn. 

6. This study con firms that the Cu-Sn-Bi paragenesis is
com mon and sim i lar to that of other lo ca tions within the cover of
the Karkonosze Gran ite, which in di cates the re gional na ture of
this min er al iza tion. De spite this, in cer tain lo ca tions it is de vel -
oped dif fer ently. The rea son for this may be the dif fer ent geo -
chem i cal na ture of the rocks form ing the sub strate of the hy dro -
ther mal min er al iza tion. 
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APPENDIX 1 

Minerals Banská Bystrica Prague 

Wavelengths Detection Limit Wavelengths Detection Limit 

sulpharsenides, 

arsenides and 

pyrite 

SbLα, BiMα, CuKα, 

NiKα, FeKα, SKα, 

CoKα, AsLα 

Sb – 0.03 wt.%, Bi – 0.05 

wt.%, Cu – 0.03 wt.%, Ni – 

0.02 wt.%, Fe – 0.02 wt.%, S 

– 0.01 wt.%, Co– 0.02 wt.%, 

As – 0.07 wt.%, 

SnLα, PbMα, CuKα, 

NiKα, FeKα, SKα, 

CoKα, AsLβ 

Sn – 0.04 wt.%, 

Pb – 0.1 wt%, Cu – 0.04 

wt.%, Ni – 0.03 wt.%, Fe – 

0.02 wt.%, S – 0.02 wt.%, 

Co– 0.03 wt.%, As – 0.09 

wt.%, 

tetrahedrite, 

tennantite and 

bornite 

HgMα, AgLα, MnKα, 

BiMα, PbMα, ZnKα, 

FeKα, CuKα, SKα, 

SbLα, AsLα, SeLα 

Hg – 0.1 wt.%, Ag – 0.09 

wt.%, Mn – 0.02 wt.%, Bi – 

0.05 wt.%, Pb – 0.05 wt.%, 

Zn – 0.03 wt.%, Fe – 0.02 

wt.%, Cu – 0.02 wt.%, S – 

0.01 wt.%, Sb – 0.02 wt.%, As 

– 0.06 wt.%, 

AgLα, MnKα, BiMβ, 

PbMα, ZnKα, FeKα, 

CuKα, SKα, SbLα, 

AsLβ, SeLβ 

Ag – 0.08 wt.%, Mn – 0.03 

wt.%, Bi – 0.18 wt.%, Pb – 

0.1 wt.%, Zn – 0.06 wt.%, 

Fe – 0.03 wt.%, Cu – 0.04 

wt.%, S – 0.02 wt.%, Sb – 

0.04 wt.%, As – 0.1 wt.%, 

for Bi minerals 

and galena 

AgLα, BiMα, CuKα, 

FeKα, SKα, PbMα, 

SbLα, AsLα  

Ag – 0.1 wt.%, Bi – 0.3 wt.%, 

Cu – 0.03 wt.%, Fe – 0.02 

wt.%, S – 0.01 wt.%, Pb – 

0.05 wt.%, Sb – 0.02 wt.%, As 

– 0.08 wt.%, 

AgLα, BiMβ, CuKα, 

FeKα, SKα, PbMα, 

SbLα, SeLβ 

Ag – 0.09 wt.%, Bi – 0.1 

wt.%, Cu – 0.05 wt.%, Fe – 

0.03 wt.%, S – 0.02 wt.%, 

Pb – 0.1 wt.%, Sb – 0.05 

wt.%, Se – 0.1 wt.%, 

sphalerite AgLα, CuKα, SnLα, 

MnKα, FeKα, ZnKα, 

SKα, CdLα, HgMα, 

GaLα, AsLα 

Ag – 0.09 wt.%, Cu – 0.03 

wt.%, Sn – 0.03 wt.%, Mn – 

0.01 wt.%, Fe – 0.01 wt.%, Zn 

– 0.03 wt.%, S – 0.01 wt.%, 

Cd – 0.01 wt.%, Ga – 0.03 

wt.%, As – 0.06 wt.%, Hg – 

0.1 wt.%, 

PbMα, AgLα, CuKα, 

SnLα, MnKα, FeKα, 

ZnKα, SKα, CdLα, 

InLα, SeLβ 

Pb – 0.1 wt.%, 

Ag – 0.06 wt.%, Cu – 0.04 

wt.%, Sn – 0.04 wt.%, Mn – 

0.03 wt.%, Fe – 0.03 wt.%, 

Zn – 0.04 wt.%, S – 0.02 

wt.%, Cd – 0.05 wt.%, In – 

0.03 wt.%,  Se – 0.1 wt.%, 

Sn sulphides AgLα, CuKα, SnLα, 

MnKα, FeKα, ZnKα, 

SKα, CdLα, InLα, 

GaLα, AsLα 

Ag – 0.1 wt.%, Cu – 0.03 

wt.%, Sn – 0.03 wt.%  Mn – 

0.01wt.%, Fe – 0.01 wt%, Zn 

– 0.03 wt.%, S – 0.01 wt.%, 

Cd – 0.01 wt.% In – 0.01 

wt.%, Ga – 0.03 wt.% As – 

0.07 wt.%, 

AgLα, CuKα, SnLα, 

MnKα, FeKα, ZnKα, 

SKα, CdLα, InLα, 
PbMα, CoKα, 

Ag – 0.06 wt.%, Cu – 0.05 

wt.%, Sn – 0.04 wt.%, Mn – 

0.03wt.% , Fe – 0.03 wt%, 

Zn – 0.06 wt.%, S – 0.02 

wt.%, Cd – 0.01 wt.%, In – 

0.03 wt.%,  

Pb – 0.09 wt.%, 

Co– 0.03 wt.% 

cassiterite Not measured Not measured PbMα,  AgLα,  CuKα, 

FeKα,  BiMβ, SeLβ, 

TeLα, 

Pb – 0.1 wt.%, 

Ag – 0.08 wt.% 

Cu – 0.05 wt.% 

Fe – 0.04 wt.% 

Bi – 0.17 wt.% 

Se – 0.09 wt.% 

Te – 0.05 wt.% 

 


