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Chlorite-mica-quartz schist in the Gierczyn-Przecznica area in SW Po land con tains polymetallic ores which were the source
of tin and co balt in the past. This min er al og i cal study re vealed the pres ence of sil ver-bear ing min er als in clud ing mem bers of
the tetrahedrite (Ag <3 apfu) and freibergite se ries (3 < Ag < 8 apfu), ga lena (0.26–1.48 wt.% Ag), and a phase with the chem -
i cal com po si tion of Te-rich canfieldite Ag8Sn(S,Te)6. In Przecznica Sn-sulphides are rep re sented by stannite while cobaltite
is the most abun dant host for co balt, fol lowed by Co-bear ing ar seno py rite. Glaucodot, ullmannite and mem bers of the
löllingite-rammelsbergite solid-so lu tion se ries (Fe,Ni,Co)As2 also con tain co balt but are scarce in the sam ples. An ex po sure
in the “Psi Grzbiet” area is char ac ter ized by the pres ence of Ag, Ni, Sb and Te min er als ac com pa nied by very small amounts
of As-bear ing phases (rep re sented by ar seno py rite) while the min er al og i cal com po si tion in the Przecznica area is char ac ter -
ized by an abun dance of As phases and a lack of Sb min er als. Sul phur iso topes of sulphides from Przecznica are heavier
than in most de pos its re lated to the Karkonosze Gran ite in tru sion, while their Pb iso tope sig na ture in ga lena sug gests an
Early Pa leo zoic pre-Variscan af fin ity rather than a Variscan one.
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INTRODUCTION

Min eral de pos its of ten in clude a com plex as sem blage of el -
e ments and with the in creas ing de mand for high-tech nol ogy
met als (for ex am ple co balt, in dium, gal lium, tel lu rium), and with
im prove ment in ore pro cess ing tech nol ogy, in creas ing at ten tion 
is be ing given to po ten tial by-prod ucts. The “metal wheel”
(Verhoef et al., 2004) shows the link be tween main prod ucts
and by-prod ucts, but in some cases, min er al iza tion might in -
clude el e ments with con trast ing geo chem i cal char ac ter is tics.
One such ex am ple is the Stara Kamienica Schist Belt in SW
Po land, where tin and co balt, el e ments not of ten found to -
gether, were mined in the past in the Gierczyn-Przecznica area. 
The tin ores were mainly ex ploited from the 16th to 18th cen -
tury, while co balt was mined in the 18th and 19th cen tury when
the max i mum an nual pro duc tion reached 2200 tons of ore

(Michniewicz et al., 2006). The 1930s and 1940s were times of
re newed in ter ested in these de pos its and sub se quently de tailed 
geo log i cal in ves ti ga tion was made in the 1950s and 1960s with
ex plo ra tion based on the ex ist ing min ing works and bore hole
cores (Madziarz and Sztuk, 2008). Min ing has not been re -
sumed and the re sources are con sid ered subeconomic but
prog nos tic and per spec tive tin re sources in the whole area of
the Stara Kamienica Schist Belt are es ti mated at ~25 Mt of ore
and 100 kt of me tal lic tin (Mikulski and Ma³ek, 2020). The or i gin
of this de posit is still not fully un der stood, with ge netic mod els
rang ing from syngenetic-sed i men tary, epigenetic-hy dro ther mal 
to stratiform ex ha la tive-volcanogenic (Speczik and Wisznie -
wska, 1984; Michniewicz et al., 2006; Mochnacka et al., 2015).
The geo log i cal unit host ing the polymetallic min er al iza tion had
a com pli cated evo lu tion and its un tan gling can pro vide a new in -
sight into the for ma tion of tin and co balt de pos its in meta mor -
phosed ter ranes. This study pro vides new data on the or i gin
and chro nol ogy of the min er al iza tion as well as on the min er al -
og i cal char ac ter iza tion of semi-mas sive sul phide sam ples from
old dumps in Przecznica and newly found sul phide as sem -
blages from a mica schist with boudin-like quartz lenses ex -
posed in the vi cin ity of the “Psi Grzbiet” mine. Par tic u lar at ten -
tion was given to min eral phases con tain ing el e ments of in ter -
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est such as Co, Ni, Sn, Te and Ag, which might con sti tute a
valu able by-prod uct and af fect the pres ent sub eco nomic sta tus 
of the de posit.

GEOLOGICAL SETTING

The Karkonosze-Izera Mas sif (KIM) is lo cated in the south -
-cen tral part of the West Sudetes on the NE mar gin of the Bo he -
mian Mas sif, at the bor der of Po land and the Czech Re pub lic
(Fig. 1). The KIM can be sub di vided into the Karkonosze Gran -
ite in tru sion and its meta mor phic en ve lope. The gran ite bod ies
crys tal lized around 312–306.9 Ma and are con sid ered to be
postcollisional, tran si tional be tween I-, and S-type, mostly pera -
luminous, strongly evolved and frac tion ated (Mikulski, 2007;
Mikulski et al., 2020). The Strzegom-Sobótka Pluton com prises 
four va ri et ies of gran ite, formed in the fol low ing suc ces sion: a
two-mica gran ite crys tal lized at 304.8 Ma, fol lowed by a bi o tite
granodiorite and hornblende-bi o tite gran ite at 301.9–297.1 Ma
and fi nally with a bi o tite granodiorite at 294.4 Ma (Turniak et al.,
2014). 

The meta mor phic en ve lope of the Karkonosze Gran ite
Pluton en com passes four struc tural units of Neoproterozoic-
 Pa leo zoic age: the Izera-Kowary Unit (IKU, the Early Pa leo zoic
con ti nen tal crust of the Saxothuringian Ba sin), the JeštÇd Unit
(the Mid dle De vo nian to Lower Visean sed i men tary suc ces sion
de pos ited on the NE pas sive mar gin of the Saxothuringian
Terrane), the South ern Karkonosze Unit (meta mor phosed sed -
i ment and vol ca nic rocks fill ing the Saxothuringian Ba sin) and
the Leszczyniec Unit (an Early Or do vi cian obducted frag ment
of the Saxothuringian Ba sin sea floor) (Mazur and Kryza, 1996;
Mazur and Aleksandrowski, 2001; Mochnacka et al., 2015).
The Izera-Kowary Unit, sep a rated by the Late Car bon if er ous

Karkonosze Pluton into north ern and south ern parts, con sists of 
gneiss es and mica schists. The north ern Izera Mas sif part in -
cludes the tex tur ally di verse Izera Gneiss es, its struc tural de vel -
op ment was com pleted dur ing Late De vo nian to Early Car bon if -
er ous de for ma tion of the Early Pa leo zoic por phy ritic Izera and
Rumburk gran ites (Borkowska et al., 1980; Oberc-Dziedzic et
al., 2005). The evo lu tion of the Karkonosze-Izera Mas sif in -
volved two ma jor stages. The first was a compressional event
with overthrusting, pre dated by HP/LT meta mor phism of the
South Karkonosze and Leszczyniec units, while the sec ond
stage is an extensional event linked with the col lapse of the
orogen and in tru sion of the Karkonosze Gran ite (Mazur and
Kryza, 1996; Mazur and Aleksandrowski, 2001). The Izera-
 Kowary Unit also con tains sev eral E–W trending meta sedi -
mentary belts which are com posed of mica schists with mi nor
interbeds of am phi bo lite, calc-sil i cate rocks, quartz ite and
quartz -feld spar schist, all meta mor phosed un der con di tions of
up per greenschist and lower am phi bo lite fa cies (¯elaŸniewicz
et al., 2003). The Stara Kamienica Schist Belt, dip ping to ward
the north at an gles of 37.5–57.5°, hosts low-grade cas sit er ite
min er al iza tion dis sem i nated in chlorite-mica-quartz schist (in
some cases also rich in almandine gar net), form ing a strata -
bound body and lo cally ac com pa nied by a polymetallic sul -
phide/sulphosalt as so ci a tion with a dom i nance of chal co py rite
and pyrrhotite (Piestrzyñski and Mochnacka, 2003; Michnie -
wicz et al., 2006; Mochnacka et al., 2015 and ref er ences
therein). Tin con cen tra tion in creases in the mid dle part of the
schist se quence and is sandwiched be tween the main gneiss
mem ber in the north and the intra-schist gneiss mem ber in the
south (Michniewicz et al., 2006). The tin-bear ing schists are
100–200 m thick and sur rounded by bar ren schist, the dis tinc -
tion be tween them be ing based on geo chem i cal data (Sn con -
tent >0.004%) rather than on lithological bound aries (Michnie -
wicz et al., 2006).

2 Krzysztof Foltyn et al. / Geological Quarterly, 2023, 67: 10

Fig. 1. Geo log i cal map of the Karkonosze-Izera Mas sif and ad ja cent geo log i cal units (mod i fied from Mazur et al., 2010)

SKSB – Stara Kamienica Schist Belt, IKU – Izera-Kowary Unit, JU – JeštÆd Unit, SKU – South ern Karkonosze Unit, 
LU – Leszczyniec Unit, USB – Sudetic Bound ary Fault
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Two types of cas sit er ite have been dis tin guished in the
area, “brown” and “colour less”. Cas sit er ite is lo cally ac com pa -
nied by an as sem blage of sulphides, com pris ing mainly pyrrho -
tite, chal co py rite, sphalerite, ar seno py rite, na tive bis muth, ga -
lena and py rite. An other kind of pyrrhotite-dom i nated min er al -
iza tion with only traces of chal co py rite and with no spa tial cor re -
la tion to tin ho ri zons also oc curs in the form of thin laminae,
lenses and im preg na tions (Michniewicz et al., 2006).

It is in ferred that the tin-polymetallic min er al iza tion most likely 
orig i nated from a com plex in ter play of hy dro ther mal, mag matic
and meta mor phic pro cesses (Ma³ek and Mikulski, 2021), but the
de tails are still a mat ter of dis cus sion and sev eral ge netic mod els 
have been sug gested (see Michniewicz et al., 2006; Mochnacka
et al., 2015). The most widely ac cepted pro pos als in volve hy dro -
ther mal ac tiv ity re lated to gra nitic in tru sion with some au thors at -
trib ut ing it to the Cam brian-Or do vi cian gra nitic protolith of the
Izera Gneiss es (pre-meta mor phic, e.g., Michniewicz et al., 2006) 
and oth ers to the Variscan Karko nosze Gran ite (post-meta mor -
phic e.g., Mochnacka et al., 2015). 

MATERIAL AND METHODS

In con trast to cas sit er ite, the white trans par ent crys tals of
which pro vide a chal lenge for mac ro scopic iden ti fi ca tion in a
typ i cal mica-quartz-chlorite-gar net as sem blage (Fig. 2A–B),

the polymetallic sul phide min er al iza tion can be eas ily iden ti fied.
Sam ples were col lected from ex po sure and old dumps north of
Kotlina vil lage (50°55’43.1"N, 15°23’11.8"E), in the area of an
old “Psi Grzbiet” (“Hundsrücken” in Ger man, mean ing Dog’s
Ridge or Dog’s Back) mine near Gierczyn. A few metres NE
from the for mer Hundsrücken shaft (adapted as the “Gierczyn”
mine shaft no. 2), there is a small ex po sure where a for est trail
was cut 1.5 m deep into the mica-chlorite schists. These rocks
con tain fo li a tion-con cor dant quartz lenses, rang ing from sev -
eral mm in di am e ter, up to big ger boudin-like quartz masses up
to 15 cm in di am e ter. Quartz is lo cally ac com pa nied by dis sem i -
nated sul phide ac cu mu la tions, usu ally pres ent at the con tact of
larger quartz lenses with mica schist or as in di vid ual veinlets in
mas sive quartz (Figs. 2C, D and 3A, B). Re search ma te rial from 
the old dumps in the area of St Maria-Anna (50°55’34.8"N,
15°26’13.3"E) in Przecznica is of dis sem i nated to semi-mas -
sive sul phide min er al iza tion in mica schists (Fig. 2E, F).

METHODS

Op ti cal light mi cros copy was used to char ac ter ize the ore
min er als and de fine tex tural re la tion ships in 25 rock sam ples.
Chem i cal anal y ses of sulphides, sulphosalts and tellurides in
mi cro-area were car ried out us ing a JEOL JXA-8230 Super -
-Probe elec tron microprobe at the Lab o ra tory of Crit i cal El e -
ments, AGH-KGHM in Kraków. It was op er ated in the wave -
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Fig. 2A –typ i cal sam ple of mica-quartz-chlorite±gar net schist from the quarry in Krobica (~3.5 km west from Gierczyn); B – chlorite
schist with ex cep tion ally large gar net crys tals (up to 1 cm in di am e ter) from Krobica; C – quartz lens in mica-chlorite schist con tain -
ing a chal co py rite veinlet from the “Psi Grzbiet” area; D – chal co py rite-pyrrhotite dis sem i na tions in mica-quartz schist from the
“Psi Grzbiet” area; E – semi-mas sive chal co py rite in al tered and de formed mica-quartz-chlorite-gar net schists from Przecznica; F – 
semi-mas sive chal co py rite-sphalerite as sem blage in mica-quartz-chlorite-gar net schist from Przecznica

Ccp – chal co py rite, Chl – chlorite, Grt – gar net, Pyh – pyrrhotite, Qz – quartz, Sph – sphalerite.
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length-dis per sion mode at an ac cel er at ing volt age of 20 kV, a
probe cur rent of 20 nA for sul phide and 10 nA for sulphosalts.
The fol low ing stan dards and spec tral lines were used for
sulphides and sulphosalts: FeS2 (FeKa, SKa), chal co py rite
(CuKa), ZnS (ZnKa), Ag (AgLa), In2Se3 (InLa), stibnite (SbLa),
Co (CoKa), CdS (CdLa) Bi2S3 (BiMa), ga lena (PbMa), Bi2Te3

(TeLa), GaAs (AsLa), Sb2Se3 (SeLa) and SnS (SnLa). Data
were cor rected to the ZAF pro ce dure us ing JEOL soft ware for
elec tron microprobe.

Sul phur iso tope anal y ses of py rite and sphalerite were
made us ing a Nu Plasma HR multicollector ICPMS at the Geo -
log i cal Sur vey of Fin land in Espoo to gether with a Pho ton Ma -
chine Analyte Ex cite la ser ab la tion sys tem. Sam ples were ab -
lated in He gas (gas flows = 0.4 and 0.1 l/min) within a HelEx
ab la tion cell (Müller et al., 2009). S iso topes were ana lysed at
me dium res o lu tion. Dur ing the ab la tion, the data were col lected
in static mode (32S, 34S). Sin gle spot sam ples were ab lated at a
spa tial res o lu tion of 30 mm, us ing a flu ency of 3.5 J/cm2 and at 5
Hz on thin sec tions. The to tal S sig nal ob tained was be tween
0.5 and 3.0 V. Un der these con di tions, an in ter nal pre ci sion of
34S/32S £±0.000005 (1 SE) is ob tained af ter a 20 s base line and
50–60 s of sig nal in te gra tion. One in-house py rite stan dard was
used for ex ter nal stan dard brack et ing (Py-1) whereas the py rite
stan dard PPP-1 (Gilbert et al., 2014) and in-house py rite stan -
dard Py2 were used for qual ity con trol. The in-house py rite
stan dard Py-1 had been pre vi ously mea sured by gas mass
spec trom e try. For a d34SCDT(‰) ref er ence value of –0.6 ±0.3‰
(1s) we found an av er age value of –0.3 ±0.5‰ (1s, n=7). The
in-house py rite stan dard Py2 was pre vi ously mea sured by gas
mass spec trom e try. For a d34SCDT(‰) ref er ence value of –0.4
±0.5‰ (1s) we found an av er age value of 0.0 ±0.4‰ (1s, n=7).
One chal co py rite (Cpy1) in-house stan dard was used as an ex -
ter nal stan dard and a sec ond in-house chal co py rite stan dard
Cpy2 was used for qual ity con trol. The in-house chal co py rite
stan dard Cpy2 had been pre vi ously mea sured by gas mass
spec trom e try. For a d34SCDT(‰) ref er ence value of –0.7 ±0.5‰
(1s) we found an av er age value of –0.6 ±0.3‰ (1s, n=15). 

Pb-Pb iso tope anal y ses were per formed us ing the same
equip ment as for the in situ sul phur iso tope mea sure ments. All
anal y ses were made us ing ras ters with a stage step ping speed
of 1 mm/s. Ab la tion con di tions were: 3 mm beam di am e ter, 3 Hz
pulse fre quency, 3 J/cm2 beam en ergy den sity. A sin gle Pb-Pb
mea sure ment in cluded a 1 min ute base line mea sure ment
(mea sure zero) prior to a batch of ra tio mea sure ments, each of
the lat ter con sist ing of data ac qui si tion for 45 s with la ser on.
The MC-ICP-MS is equipped with 9 Far a day de tec tors and am -
pli fi ers with 1011 W re sis tors. Base line and ab la tion data were
mea sured on the peak, col lected in static mode (208Pb, 207Pb,
206Pb, 204Pb, 205Tl, 203Tl). The raw data were fil tered at 2 s and
cor rected for mass dis crim i na tion us ing an ex po nen tial law. The 
mass dis crim i na tion fac tor for Pb was de ter mined us ing a
~10 ppb Tl so lu tion nebulized at the same time as the sam ple,
us ing a desolvating nebulizer. A ga lena from Bro ken Hill was
used to mon i tor the pre ci sion and ac cu racy of the mea sure -
ments, ev ery ten sam ples, over the whole pe riod of anal y sis.
The av er age ac cu racy ob tained is es ti mated to be better than
1.7‰ (1s) for 208Pb/204Pb, 2.1‰ (1s) for 207Pb/204Pb, 2.2‰ (1s)
for 206Pb/204Pb and 0.1‰ (1s) for 207Pb/206Pb, com pared with
the cer ti fied val ues of Stevenson and Mar tin (1986) and Town -
send et al. (1998).

Ap pli ca tion of in situ LA MC-ICP-MS elim i nates the ef fect of
po ten tially in com plete phys i cal sep a ra tion of ga lena from other
sul phide min er als in bulk an a lyt i cal meth ods, and there fore the
lead iso tope ra tio in ga lena de pends solely on the sources of

met als and the age of crys tal li za tion (Molnár et al., 2016, 2018).
The sam ples ana lysed rep re sent chlorite-quartz-mica schist -
-hosted ga lena in a py rite-sphalerite-ga lena as sem blage from
Przecznica and ga lena crys tals in a stilbite-epidote-feld spar
peg ma tite druse from the Strzegom Mas sif, rep re sent ing
Variscan min er al iza tion. Pb-Pb iso tope anal y ses of K-feld spars
from the Kowary Gneiss es, rep re sent ing meta mor phosed Late
Cam brian/Early Or do vi cian granitoids, were un suc cess ful due
to a too low con cen tra tion of lead.

RESULTS AND DISCUSSION

MINERALOGY

“PSI GRZBIET” AREA

The sul phide as sem blage found at the ex po sure near the
old Gierczyn mine shaft no. 2 (for mer “Hundsrücken” mine) is
dom i nated by chal co py rite, form ing ir reg u lar, dis sem i nated
grains of 0.1–5 mm size hosted by quartz lenses as well as mica 
schist. In some cases it is ac com pa nied by Fe-rich sphalerite
(Ta ble 1 and Fig. 3C). The chal co py rite hosts a va ri ety of min -
eral in clu sions, pri mar ily Ag, Sb, Ni and Bi min er als (Ta bles 2, 3
and Fig. 3C, D).

Sil ver-bear ing min er als found in the sam ples in clude mem -
bers of the tetrahedrite (Ag < 3 apfu) and freibergite se ries (3 <
Ag <8 apfu), ga lena (0.26–1.48 wt.% Ag), and a phase with a
chem i cal com po si tion of Te-rich canfieldite Ag8Sn(S,Te)6 (Ta -
bles 2, 3 and Fig. 3I). Var i ous as sem blages of Pb-Sb-Bi±Ag
sulphosalts are pres ent in the sam ples, in clud ing Bi-rich
jamesonite with a chem i cal com po si tion sim i lar to spec i mens
from Brezno–Hviezda in Slovakia (Pršek et al., 2008) and the
Stan Terg de posit in Kosovo (Ko³odziejczyk et al., 2017), but
their pre cise iden ti fi ca tion is dif fi cult as they of ten form inter -
growths of fine lamellae con sist ing of dif fer ent min eral phases
(Fig. 3H). Tellurides are gen er ally rare in this area. Only one
grain of joseite-A Bi4(S,Te)3 intergrown with na tive Bi and
pyrrhotite in chal co py rite and one small grain of hedleyite Bi7Te3

next to cas sit er ite in a sul phide free sam ple (Ta ble 2) have been 
ob served. Among other iden ti fied phases are ullmannite NiSbS
and garavellite FeSbBiS4, pres ent as small in clu sions
(20–200 um) in chal co py rite (Fig. 3C). Na tive bis muth, Bi-rich
jamesonite, ga lena, pyrrhotite and Bi ox ides inter growths form
nee dle-like crys tals (0.2–3 mm long) in quartz (Fig. 3A, B) and
partly in chal co py rite (Fig. 3C, D). Bis muth sulphosalts, base
metal sulphides and tetrahedrite group min er als are of ten a re -
sult of hy dro ther mal ac tiv ity re lated to in tru sions (e.g., Mederski
et al., 2021). Tex tures, the pres ence of bis muth ox ides and dis -
sem i nated na tive bis muth in the sam ples de scribed here sug -
gest they are rather a rem nant of pri mary sulphosalt min er al iza -
tion, af fected by re gional meta mor phism. 

The min eral com po si tion of sam ples found in the “Psi
Grzbiet” area is very sim i lar to the Ag-Cu-Pb-Sb-Bi sulphosalt
as sem blage re ported from the schist-hosted Jialong Cu-Sn de -
posit in China (Liu et al., 2018). This is one of sev eral tin de pos -
its in the Jiuwandashan-Yuanbaoshan re gion, but while many
of them are spa tially and tem po rally re lated to Neoproterozoic
gra nitic in tru sions (Chen et al., 2018; Yue et al., 2022), U-Pb
dat ing of cas sit er ite from the Jialong de posit re vealed it is linked 
to the 422–420 Ma old Sirong shear zone (Yue et al., 2022).
Sim i lar i ties in geo log i cal con text al low us to spec u late that tin
min er al iza tion in the Stara Kamienica Schist Belt might have an
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Fig. 3A–G – mi cro pho to graphs of sam ples taken us ing a re flected light mi cro scope; A, B – quartz-hosted nee dle-like crys tals from the “Psi Grzbiet” area com -
pris ing a mix ture of na tive bis muth, ga lena, pyrrhotite and Bi-rich jamesonite (A – plane po lar ized light; B – cross-po lar ized light); C – argentotetrahedrite-(Fe), 
garavellite and Pb-Bi-Ag-Sb sulphosalt hosted in chal co py rite (the “Psi Grzbiet” area); nee dle-like crys tals of sulphosalt re placed by a mix ture of na tive bis -
muth, bis muth ox ides and Bi-rich jamesonite on the left (the “Psi Grzbiet” area); D – argentotetrahedrite-(Fe), ullmannite, pyrrhotite, na tive bis muth and
Bi-rich jamesonite as sem blage in chal co py rite (the “Psi Grzbiet” area); E, F – ore min er al iza tion from Przecznica con sist ing of chal co py rite, sphalerite,
stannite, cobaltite and rutile; G – cobaltite-ar seno py rite inter growth as so ci ated with stannite and na tive bis muth (Przecznica); H – BSE pic ture show ing fine
lamellae in a Bi-Pb-Sb-Ag sulphosalt as so ci ated with ga lena, na tive bis muth and ullmannite (the “Psi Grzbiet” area); I – BSE pic ture of Te-canfieldite ad ja cent
to a mix ture of na tive bis muth, ga lena and bis muth ox ides (the “Psi Grzbiet” area)

Apy – ar seno py rite, Attr-Fe – argentotetrahedrite-(Fe), Bi – na tive bis muth, Bi-Ja – Bi-rich jamesonite, Ccp – chal co py rite, Cbt – cobaltite, Gn – ga lena, 
Grv – garavellite, Pb-Bi-Ag-Sb – un iden ti fied Pb-Bi-Ag-Sb sulphosalt, Pyh – pyrrhotite, Rt – rutile, Sph – sphalerite, Stn – stannite, Ull – ullmannite
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T a  b l e  1

Ba sic sta tis tics of re sults of EPMA chem i cal anal y ses (in wt.%) of chal co py rite and sphalerite
 from the “Psi Grzbiet” area and Przecznica

S Fe Zn Cu Co Sn Ag In As Se Cd Mn Ge Ga

Psi Grzbiet

Chal co py rite

(n = 60)

Max 35.79 30.80 0.15 35.10 0.06 0.05 0.28 <0.02 <0.07 0.11 0.06 – – –

Min 34.52 29.88 <0.03 33.35 0.02 <0.03 <0.02 <0.07 <0.02 – – –

Mean 34.97 30.39 0.07 34.46 0.04 0.03 0.06 0.04 – – –

Przecznica

Chal co py rite 

(n = 26)

Max 35.10 30.56 0.31 35.34 0.06 0.08 0.14 <0.02 <0.06 0.10 0.06 – – –

Min 33.49 29.49 <0.03 34.09 0.03 <0.03 <0.02 <0.07 <0.02 – – –

Mean 34.31 30.13 0.12 34.94 0.05 0.04 0.05 0.04 – – –

Psi Grzbiet

Sphalerite 
(n = 20)

Max 34.34 7.59 59.60 1.21 – <0.02 <0.02 <0.02 0.06 – 1.41 0.03 <0.03 0.17

Min 33.44 5.95 57.55 <0.03 – <0.05 – 0.47 <0.02 <0.03

Mean 33.94 6.74 58.81 0.31 – – 0.85

Przecznica

Sphalerite

(n = 33)

Max 34.60 9.68 59.89 0.56 0.07 <0.02 0.02 0.14 <0.04 – 0.47 0.04 0.03 <0.03

Min 32.68 5.72 55.91 <0.03 <0.03 <0.02 <0.02 – 0.28 <0.02 <0.02

Mean 33.48 7.85 57.93 0.17 0.04 0.07 – 0.37

– not mea sured

T a  b l e  2

Re sults of EPMA chem i cal anal y ses (in wt.%) of sulphides, tellurides and sulphosalts from the “Psi Grzbiet” area

Min eral S Fe Zn Cu Sb Co Sn Ag Ni As Se Bi Te Pb Sum

Ar seno py rite 21.04 34.87 <0.04 0.13 2.66 0.05 <0.02 <0.02 <0.02 40.54 <0.13 – – – 99.29

Ar seno py rite 18.86 33.26 <0.04 0.47 0.71 0.77 <0.02 <0.02 0.44 45.52 <0.13 – – – 100.03

Ar seno py rite 21.20 35.04 <0.04 <0.03 1.31 0.05 <0.02 <0.02 <0.02 41.58 <0.13 – – – 99.18

Ar seno py rite 20.54 35.20 <0.04 <0.03 3.06 <0.02 <0.02 <0.02 <0.02 40.89 <0.13 – – – 99.70

Ar seno py rite 19.13 27.10 0.09 0.26 0.92 6.95 <0.02 <0.02 0.73 45.28 <0.13 – – – 100.45

Ar seno py rite 19.53 24.93 <0.04 0.94 0.19 10.07 <0.02 <0.02 0.49 45.20 <0.13 – – – 101.35

Ullmannite 15.11 0.60 <0.04 <0.03 57.75 2.27 0.34 <0.02 25.08 0.27 0.12 – – – 101.50

Ullmannite 15.00 0.52 <0.04 <0.03 57.69 1.78 0.34 <0.02 25.57 0.24 0.01 – – – 101.14

Ullmannite 15.05 0.25 <0.04 <0.03 56.26 2.95 0.34 <0.02 24.48 0.12 0.09 – – – 99.52

Ga lena 12.99 0.28 <0.04 0.37 <0.03 – – 1.48 – <0.12 0.74 3.40 0.11 82.01 101.38

Ga lena 13.07 0.19 <0.04 0.26 <0.03 – – 1.15 – <0.12 0.84 3.56 0.10 81.69 100.86

Garavellite 25.28 11.41 0.37 0.95 27.89 – – <0.03 – 0.24 <0.12 35.21 <0.03 0.39 101.74

Na tive Bi 0.07 0.44 0.08 0.61 4.15 – – <0.03 – <0.12 0.17 93.06 <0.03 <0.06 98.57

Na tive Bi 0.01 0.70 <0.04 1.24 3.15 – – <0.03 – <0.12 <0.12 93.52 <0.03 <0.06 98.61

Joseite-A 5.00 0.60 <0.04 1.06 0.67 – – <0.03 – 0.18 2.61 78.14 10.93 0.68 99.86

Hedleyite 0.03 – – – 0.12 – – <0.03 – – 0.70 79.07 19.50 <0.06 99.43

Te-canfieldite 9.51 <0.04 <0.04 <0.04 <0.03 – 8.12 62.09 – <0.12 0.27 0.35 17.09 1.27 98.68

Te-canfieldite 9.80 <0.04 <0.04 <0.04 <0.03 – 7.67 61.07 – <0.12 0.12 0.21 16.66 4.63 100.16

Bi-rich
jamesonite 20.54 2.65 <0.04 0.51 25.11 – – <0.03 – <0.12 <0.12 14.14 <0.03 37.63 100.59

Bi-rich
jamesonite 20.20 2.78 <0.04 0.77 24.03 – – <0.03 – <0.12 <0.12 15.14 <0.03 36.98 99.90

Bi-rich
jamesonite 20.50 2.88 <0.04 0.63 25.79 – – <0.03 – 0.14 <0.12 12.41 <0.03 38.29 100.64

Bi-rich
jamesonite 19.82 2.98 <0.04 0.73 24.65 – – <0.03 – <0.12 <0.12 12.69 <0.03 39.05 99.92

Bi-Pb-Ag-Sb
sulphosalt 17.47 0.67 <0.04 1.19 7.66 – – 8.50 – <0.12 0.36 41.79 0.08 23.35 101.08

Bi-Pb-Ag-Sb
sulphosalt 17.25 0.12 1.44 0.09 5.59 – – 8.58 – <0.12 0.35 44.36 0.03 22.93 100.75

Bi-Pb-Sb-Ag
sulphosalt 18.41 0.60 0.27 0.88 18.14 – – 8.81 – <0.12 0.23 28.53 <0.03 24.44 100.31

– not mea sured



anal o gous or i gin: Early Pa leo zoic S-type plutons (such as the
par ent rock of the Izera gneiss es) may be a source of tin in the
schist protolith (whether in the form of tin plac ers or through hy -
dro ther mal min er al iza tion) but the pres ent form of the de posit is 
a re sult of later tec tonic de for ma tion and is not tem po rally re -
lated to the in tru sion it self. Romer et al. (2022) re port meta mor -
phic cas sit er ite in the metasedimentary Gar net Phyllite Unit
from the Erzgebirge (Bockau and Aue ar eas in Ger many).
These cassiterites have U-Pb ages of 395–365 Ma, and pre -
cede 325–270 Ma gran ites which are the main source of tin de -
pos its there (Romer et al., 2022). Sim i larly, it is likely that the tin
ores in the Krobica-Gierczyn-Przecznica area were formed be -
fore the Variscan Karkonosze Gran ite in tru sion (Michniewicz et
al., 2006). 

PRZECZNICA AREA

The chal co py rite-sphalerite-rich as sem blage from Prze -
cznica is char ac ter ized by the pres ence of stannite (Ta ble 4 and 
Fig. 3E–G), the abun dant oc cur rence of As-phases (Ta ble 5)
and the ab sence of Sb-min er als that are char ac ter is tic for sam -
ples from the “Psi Grzbiet” area. Cobaltite (Fig. 3E–G) is the
most abun dant host of co balt, fol lowed by Co-bear ing ar seno -
py rite. Ar sen ides con tain ing nickel such as glaucodot and Fe-Ni 
diarsenides also con tain Co, but were rarely ob served (Ta ble 5
and Fig. 4). Dis sem i nated na tive bis muth and ga lena are typ i cal 
ac ces sory min er als (Fig. 3G). Chal co py rite and sphalerite from
Przecznica and the “Psi Grzbiet” area are sim i lar in terms of
chem i cal com po si tion (Ta ble 1) and match data pre sented by
Foltyn et al. (2020). On the other hand, de spite their rel a tively
close prox im ity (~3 km), the sites clearly con tain dis tinct min eral 
as so ci a tions. Sam ples from Przecznica cor re spond to the
higher tem per a ture (250–550°C) cobaltite-ar seno py rite- glau -
co dot-löllingite-safflorite-bis muth parageneses of Speczik and

Wiszniewska (1984) while sulphides from the “Psi Grzbiet” area 
are com pa ra ble to a low tem per a ture stage (100–250°C) with
tetrahedrite (Speczik and Wiszniewska, 1984). As to day’s prox -
im ity be tween rocks form ing the Stara Kamienica Schist Belt
might be a re sult of meta mor phism and tec tonic short en ing, it is
worth to note that one sim ple ge netic model for this polymetallic
min er al iza tion might not be suf fi ciently com pre hen sive. Quartz
lenses in the “Psi Grzbiet” area may be rem nants of sulpho -
salts-bear ing quartz veins re lated to in tru sion (such as the Izera 
gneiss protolith) while pyrrhotite lami na tions in the schist and
the gen eral Co-en rich ment at Przecznica re sem ble a
fahlband- like style of min er al iza tion. Such ores are char ac ter -
ized by con cor dant lay ers or lenses with sulphidic im preg na tion
of cop per min er als and co balt ar sen ides in a meta mor phic se -
quence and are known from e.g. the Kongsberg and Modum
dis tricts in Nor way.

ISOTOPIC STUDIES

SULPHUR ISOTOPES

In situ d34S mea sure ments in sphalerite and py rite (Fig. 5)
from Przecznica are shown in Ta ble 6. Both min er als have rel a -
tively heavy sul phur (d34S val ues be tween 8.1–9.3‰) with
sphalerite iso to pi cally slightly heavier than py rite (9.0–9.3‰
ver sus 8.1–8.3‰). 

These re sults are con sis tent with pre vi ous sul phur iso tope
stud ies on bulk sam ples from the Stara Kamienica Schist Belt
(Berendsen et al., 1987) char ac ter ized by d34S val ues of +0.6‰
for py rite from Krobica, +9 to +11.3‰ for pyrrhotite from
Gierczyn and +6.6 to +8.4‰ for a py rite-pyrrhotite mix ture from
Przecznica. Al though dif fer ent analythical meth ods were used
to mea sure sul phur iso topes (bulk ver sus in situ SHRIMP ver -
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T a  b l e  3

Rep re sen ta tive re sults of EPMA chem i cal anal y ses (in wt.%) of mem bers of the tetrahedrite [tetrahedrite-(Fe)]
 and freibergite se ries [argentotetrahedrite-(Fe)] from the “Psi Grzbiet” area

Min eral Ag S Fe Cu Bi Te Pb Sb Zn As Se To tal

Argentotetrahedrite-(Fe) 34.21 20.77 5.83 14.16 0.09 <0.03 0.10 26.04 0.27 0.15 <0.13 101.62

Argentotetrahedrite-(Fe) 30.07 21.79 5.81 16.62 0.05 <0.03 <0.06 26.28 <0.05 <0.12 <0.13 100.62

Argentotetrahedrite-(Fe) 29.07 21.47 5.54 16.52 0.22 0.18 0.36 26.42 0.54 0.13 <0.13 100.43

Argentotetrahedrite-(Fe) 26.38 22.49 5.40 19.36 0.11 <0.03 0.09 26.96 0.64 0.16 0.14 101.71

Argentotetrahedrite-(Fe) 24.27 22.81 5.59 20.96 0.23 0.20 0.13 26.13 0.83 <0.12 <0.13 101.16

Argentotetrahedrite-(Fe) 22.48 22.87 5.62 22.15 0.17 0.11 0.08 26.53 0.98 0.14 <0.13 101.12

Argentotetrahedrite-(Fe) 20.59 23.36 5.59 23.26 0.32 0.12 0.13 27.11 0.93 0.16 <0.13 101.56

Argentotetrahedrite-(Fe) 20.20 23.05 5.58 23.32 0.46 <0.03 0.08 26.80 0.94 0.13 <0.13 100.57

Tetrahedrite-(Fe) 17.53 23.61 5.73 24.50 0.21 <0.03 0.09 27.18 2.57 0.23 <0.13 101.64

apfu Ag S Fe Cu Bi Te Pb Sb Zn As Se

Argentotetrahedrite-(Fe) 6.08 12.42 2.00 4.27 0.01 0.00 0.01 4.10 0.08 0.04 0.00

Argentotetrahedrite-(Fe) 5.25 12.79 1.96 4.92 0.00 0.00 0.00 4.06 0.00 0.03 0.00

Argentotetrahedrite-(Fe) 5.11 12.70 1.88 4.93 0.02 0.03 0.03 4.11 0.16 0.03 0.00

Argentotetrahedrite-(Fe) 4.48 12.85 1.77 5.58 0.01 0.00 0.01 4.06 0.18 0.04 0.03

Argentotetrahedrite-(Fe) 4.08 12.91 1.82 5.99 0.02 0.03 0.01 3.89 0.23 0.02 0.00

Argentotetrahedrite-(Fe) 3.76 12.87 1.81 6.29 0.01 0.01 0.01 3.93 0.27 0.03 0.00

Argentotetrahedrite-(Fe) 3.40 12.98 1.78 6.52 0.03 0.02 0.01 3.97 0.25 0.04 0.00

Argentotetrahedrite-(Fe) 3.37 12.93 1.80 6.60 0.04 0.00 0.01 3.96 0.26 0.03 0.00

Tetrahedrite-(Fe) 2.85 12.91 1.80 6.76 0.02 0.00 0.01 3.91 0.69 0.05 0.00

Apfu (atom per for mula unit) re cal cu lated to 29 at oms

https//doi.org/10.7306/gq.1516
https://doi.org/10.1130/G50466.1
https://doi.org/10.1007/BF00199781
https://doi.org/10.1007/BF00199781


sus in situ MC-LA-ICP-MS) these val ues are dis tinctly heavier
than those re ported from other polymetallic de pos its and oc cur -
rences in the Karkonosze-Izera Mas sif. Mikulski (2010) re port
bulk sam ple d34S val ues of +1.71 to +4.33 for ar seno py rite,
+0.07 to +3.65 for py rite, +0.18 to +1.61 for pyrrhotite and +1.88 
to +2.78 for chal co py rite from Czarnów while Mayer et al.
(2012) ana lysed sul phide con cen trates and ob tained +1.6 to
+3.3‰ for py rite from Wieœciszowice, +2.7 to +4.0‰ for py rite
and pyrrhotite from Sowia Dol ina, +1.1 to +1.7‰ for py rite from
Izerskie Garby, +1.3‰ for py rite and +1.6‰ for pyrrhotite from
Budniki, +1.8‰ for py rite from Ciechanowice. In situ d34S val -
ues ob tained us ing SHRIMP by Mikulski et al. (2015) are as fol -
lows: –1.97 to +2.33‰ for py rite from Radzimowice; and –3.24
to –1.19‰ for py rite from Leszczyniec. Sul phur iso tope val ues

re flect the source of the sul phur, which may be mag matic in or i -
gin (d34S val ues typ i cally clus ter around 0 ±5‰ for mag -
matic-de rived S), later on mixed with ex ter nal sources of sul -
phur such as sea wa ter (+21‰) or the crust. The iso to pic com -
po si tion of these ore-form ing crustal flu ids will de pend on phys i -
cal-chem i cal pa ram e ters such as pres sure, tem per a ture, pH
and re dox con di tions (Ohmoto, 1972). The or i gin of most of
these de pos its (with the ex cep tion of py rite at Wieœciszowice
and Leszczyniec which are thought to be re lated to sub ma rine
ex ha la tive pro cesses) is re lated to Variscan orogenic ac tiv ity
and their iso to pic com po si tion of sul phur seems to re flect the
mag matic source of flu ids de rived from the Karkonosze Pluton
(mo lyb de nite in gran ite from Szklarska Porêba-Huta has a d34S
value of +0.8‰; Mayer et al., 2012). The Przecznica sam ples
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T a  b l e  4

Rep re sen ta tive re sults of EPMA chem i cal anal y ses (in wt.%) of stannite
 from the Przecznica area

Sam ple spot S Zn Fe In Ag Cu Sn Sum

P_AM_2A_1 29.69 1.21 12.26 <0.02 0.05 29.50 27.53 100.24

P_AM_2A_1 29.85 3.11 12.25 0.02 0.05 28.52 26.57 100.37

P_AM_2A_1 29.82 1.76 12.19 <0.02 0.02 29.32 27.59 100.70

P_AM_2A_4 29.28 3.80 12.31 0.21 0.07 27.59 26.14 99.39

P_AM_2A_5 29.56 3.67 12.34 <0.02 0.06 28.32 26.64 100.59

P_AM_2B_3 29.98 1.22 12.38 <0.02 0.03 29.29 27.62 100.52

P_AM_2B_4 30.55 2.47 11.89 <0.02 0.03 28.74 26.93 100.62

P_AM_2B_2 29.62 2.03 12.25 <0.02 0.08 28.43 26.97 99.39

AP514_1 30.10 0.93 14.13 <0.02 0.04 29.81 25.11 100.11

AP519_1 30.12 3.13 12.15 0.2 0.05 28.07 26.33 100.05

Anal y ses of As, Ga, Ge, Mn and Cd are not shown in the ta ble be cause the re sults are be -
low the de tec tion limit of EPMA

T a  b l e  5

Rep re sen ta tive re sults of EPMA chem i cal anal y ses (in wt.%) of Co-bear ing phases from the Przecznica area

Min eral S Fe Zn Sb Co Sn Ni Au As Mn To tal

Cobaltite 18.96 2.16 0.05 0.14 33.54 0.02 0.75 <0.04 44.27 <0.02 99.88

Cobaltite 19.13 2.14 <0.05 0.12 33.58 <0.02 0.98 <0.04 43.88 0.02 99.85

Cobaltite 19.02 2.11 <0.05 0.24 32.84 <0.02 1.73 <0.04 44.28 0.02 100.24

Cobaltite 18.83 2.85 0.05 2.47 30.77 <0.02 2.23 <0.04 41.91 <0.02 99.11

Cobaltite 18.39 2.98 <0.05 3.31 30.04 0.03 2.46 0.05 42.12 0.03 99.41

Cobaltite 19.00 4.25 1.14 0.59 31.59 <0.02 0.48 <0.04 43.12 0.03 100.20

Löllingite-
 rammelsbergite ss 0.69 18.80 <0.05 0.95 1.94 <0.02 8.22 <0.04 70.23 0.03 100.85

Glaucodot 19.40 4.97 <0.05 0.77 21.50 0.04 9.73 0.05 44.19 – 100.65

Ar seno py rite 18.92 33.52 <0.05 0.15 1.87 <0.02 0.02 <0.04 45.99 <0.02 100.47

Ar seno py rite 19.38 33.50 <0.05 0.64 2.07 <0.02 <0.02 <0.04 45.32 <0.02 100.91

Ar seno py rite 18.84 33.26 <0.05 0.13 2.18 <0.02 <0.02 <0.04 45.63 0.05 100.09

Ar seno py rite 18.74 32.93 <0.05 0.23 2.40 <0.02 0.00 <0.04 45.74 <0.02 100.04

Ar seno py rite 18.97 32.06 0.40 3.28 2.75 <0.02 0.02 0.05 43.36 0.03 100.92

Ar seno py rite 20.47 34.95 0.05 0.03 0.49 <0.02 0.00 <0.04 43.58 0.03 99.60

Ar seno py rite 20.54 33.88 <0.05 3.76 0.97 <0.02 <0.02 <0.04 40.89 – 100.04

Ar seno py rite 20.11 34.50 <0.05 1.88 1.11 <0.02 <0.02 <0.04 42.79 – 100.38

Ar seno py rite 19.23 33.85 <0.05 0.06 1.17 <0.02 <0.02 <0.04 45.99 – 100.30

– not mea sured; Cu, Ag, Se sought but not de tected



are clearly dif fer ent, and while most au thors sug gest a mag -
matic prov e nance of so lu tions re spon si ble for tin and
polymetallic min er al iza tion there (e.g., Mochnacka et al., 2015), 
the iso to pi cally heavier sul phur re ported here may sug gest a
par tial con tri bu tion of ex ter nally-de rived S. An ex ha la -
tive-volcanogenic or i gin in a sub ma rine en vi ron ment (Lehmann
and Schnei der, 1981) might not be suit able for tin ores but still
can be ap pli ca ble to at least part of the base metal min er al iza -
tion in the Stara Kamie nica Schist Belt. Early Pa leo zoic,
stratiform, sed i ment-hosted Kieslager-type de pos its in the
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Fig. 5. Re flected light mi cro pho to graphs of sulphides from Przecznica (A–C) and Strzegom (D) 

show ing the lo ca tion of spots and tracks for in situ sul phur and lead iso tope anal y sis

T a  b l e  6

In situ LA-ICP-MS sul phur iso topes in py rite 
and sphalerite from Przecznica

Sam ple spot Min eral d34S‰ CDT 2s

AP513_01_1 py rite 8.2 0.1

AP513_01_2 sphalerite 9.3 0.1

AP513_01_3 sphalerite 9.0 0.1

AP513_03_4 py rite 8.3 0.1

AP513_03_5 py rite 8.1 0.1

AP513_03_6 sphalerite 9.0 0.1

AP513_03_7 sphalerite 9.2 0.1

https://doi.org/10.1016/j.oregeorev.2014.07.001
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Fig. 6. Re sults of the in situ Pb-iso tope anal y ses of ga lena from Przecznica and Strzegom 

jux ta posed with data from the NW part of the Bo he mian Mas sif com piled from the lit er a ture

Each data point rep re sents a sin gle spot anal y sis, in con trast to bulk lit er a ture data which were ac quired us ing TIMS (Höhndorf and Dill,
1986; Bielicki and Tischendorf, 1991; Osten dorf et al., 2019) or so lu tion MC-ICP-MS (Niederschlag et al., 2003); A – dis tri bu tion of data on a
207Pb/204Pb ver sus 206Pb/204Pb di a gram. Pb-iso tope growth curves for dif fer ent res er voirs cal cu lated ac cord ing to the Zartman and Doe

(1981) sin gle stage Plumbotectonic Model 2 shown as black lines with black dots rep re sent ing 0.4 Ga, while isochrons and m-curves shown
in grey are ac cord ing to Stacey and Kramers (1975); B – dis tri bu tion of data on a 208Pb/204Pb ver sus 206Pb/204Pb di a gram
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Saxothuringian Zone such as at Waldsassen in Ger many also
show pos i tive d34S val ues (+5 to +20‰; Dill, 1989).

LEAD ISOTOPES

In situ lead iso tope ra tios in ga lena grains col lected for 18
ras ter lines in 3 sam ples are shown in Ta ble 7. 

The Pb iso tope ra tio vari a tions in Przecznica sam ples are
rel a tively low, typ i cally within an a lyt i cal er ror, while ga lena from
Strzegom is slightly more het er o ge neous (even on a scale of a
sin gle sul phide crys tal). In the 207Pb/204Pb ver sus 206Pb/204Pb di -
a gram (Fig. 6A), the pop u la tion of data points from Przecznica
and Strzegom form sep a rate clus ters, but both are lo cated
close to the lead iso tope evo lu tion curve of the “up per crust”
res er voir (F = 13.23) de fined by the Plumbotectonics Model 2 of 
Zartman and Doe (1981). Jux ta po si tion with pre-Variscan
(Höhndorf and Dill, 1986; Bielicki and Tischendorf, 1991;
Seifert et al., 2001; Niederschlag et al., 2003), Variscan (Nie -
derschlag et al., 2003) and post-Variscan (Ostendorf et al.,
2019) min er al iza tion in the northwest ern part of the Bo he mian
Mas sif dem on strates the re sem blance of ga lena from Prze -
cznica to the Early Pa leo zoic stratiform sub ma rine-hy dro ther -
mal sul phide min er al iza tion at Klingenthal-Kraslice and strati -
form sulphides in Lower Pa leo zoic mus co vite-chlorite-quartz
phyllite at Waldsassen (Fig. 6). Sim i lar min er al ized ho ri zons
with tin and base metal sulphides has been re ported in meta -
sedimentary rocks of the Preßnitz Group north of Freiberg in
Ger many (Lehmann and Schnei der, 1981; Járóka and Seifert,
2015) but avail able Pb iso tope data from this lo ca tion re fer to
the Me so zoic Pb-Ba vein and not to the mica schist-hosted min -
er al iza tion (Bielicki and Tischendorf, 1991). These re sults sup -
port the idea of a pre-meta mor phic or i gin of min er al iza tion (e.g., 
Jaskólski, 1948; Cook and Dudek, 1994; Michniewicz et al.,
2006; Foltyn et al., 2020) rather than a post-meta mor phic gen e -
sis re lated to the Karkonosze gran ite in tru sion (e.g., Jaskólski
and Mochnacka, 1959; Speczik and Wiszniewska, 1984;
Mochna cka et al., 2015). 

Pb-Pb ages of ga lena from Przecznica were cal cu lated with
PbIso (Armistead et al., 2021) us ing model pa ram e ters from
Stacey and Kramers (1975) and gave Neoproterozoic model
ages be tween 694 and 721 Ma (Ta ble 6 and Fig. 6A), older than 
the es tab lished geo chron ol ogy of this area (620–500 Ma). The
age of the mica schists host ing the min er al iza tion is un cer tain;
they could rep re sent the Neoproterozoic coun try rock of the
~500 Ma gran ite protolith of the orthogneisses (Mazur et al.,
2006) or the volcanogenic-sed i men tary suc ces sion de pos ited
con tem po ra ne ously with the Early Pa leo zoic in tru sions
(Oberc-Dziedzic et al., 2010). A volcanogenic in ter ca la tion in
the Z³otniki Lubañskie schists was dated to 560 Ma and con -
tained zir cons that grew at 620 Ma and 600–580 Ma (¯ela -
Ÿniewicz et al., 2009) in di cat ing they could rep re sent a meta -
mor phosed equiv a lent of the 570 Ma old Lusatian greywackes
(Linnemann et al., 2000; Oberc-Dziedzic et al., 2009; ¯ela -
Ÿniewicz et al., 2009). Mul ti ple meta mor phic events as so ci ated
with the Cadomian and later Variscan orogenies might have
caused the cir cu la tion of Pb-rich flu ids car ry ing the old ra dio -
genic sig na ture and this may be one of the rea sons for the ap -
par ently older ages of the ga lena. 

Pb-Pb ages for sam ple from Strzegom (data scat tered be -
tween 271 and 169 Ma) are youn ger than the es tab lished age of 
gran ite in tru sions form ing the Strzegom-Sobótka Mas sif
(305–295 Ma, Turniak et al., 2014). Re-Os ages of mo lyb de nite
from the Strzegom-Sobótka Mas sif in gen eral fall in the range
309 ±1 to 296 ±2 Ma (Mikulski and Stein, 2012) but mo lyb de nite 
found in a two mica-gran ite from Siedlimowice gave an age of
257 ±1 Ma, which was in ter preted as an in di ca tor of tec tonic re -
ac ti va tion and remobilization of hy dro ther mal flu ids in the Late
Perm ian (Mikulski and Stein, 2012). The Pb iso to pic char ac ter
is re lated not solely to the age but also to petro gen esis and
crustal con tam i na tion might play a role e.g., Halla (2018). Do -
mañ ska-Siuda et al. (2019) show that the Strzegom -Sobótka
Pluton ex hib its am big u ous iso to pic and geo chem i cal sig na tures 
and rep re sents a multi-com po nent sys tem with melts de rived
from het er o ge neous crustal do mains. Remo bilization of hy dro -
ther mal flu ids, crustal con tam i na tion and the fact that ana lysed
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T a  b l e  7

 In situ LA-MC-ICP-MS lead iso topes in ga lena from Przecznica and Strzegom. Model ages cal cu lated with PbIso 
(Armistead et al., 2021) us ing model pa ram e ters from Stacey and Kramers (1975)

Sam ple spot Lo ca tion Pb208/Pb204 1SE Pb207/Pb204 1SE Pb206/Pb204 1SE Model age
[Ma]

‘AP–513–Gn–1’ Przecznica 37.92390 0.02020 15.62460 0.00850 17.74470 0.01010 705

‘AP–513–Gn–2’ Przecznica 37.89940 0.02570 15.61550 0.01040 17.71620 0.01280 709

‘AP–513–Gn–3’ Przecznica 37.92450 0.02960 15.62400 0.01190 17.73960 0.01330 708

‘AP–513–Gn–4’ Przecznica 38.00320 0.03260 15.65650 0.01350 17.77120 0.01650 744

‘AP–513–Gn–5’ Przecznica 37.90870 0.03190 15.61690 0.01270 17.74050 0.01620 694

‘AP–513–Gn–6’ Przecznica 37.92300 0.02430 15.62850 0.00970 17.73570 0.01160 719

‘AP–513–Gn–7’ Przecznica 37.96450 0.02480 15.64040 0.01030 17.76220 0.01280 721

‘AP–513–Gn–8’ Przecznica 37.96240 0.02810 15.64130 0.01190 17.76410 0.01470 721

‘SP–03–1C–Gn–1’ Strzegom 38.62890 0.03120 15.71120 0.01270 18.64630 0.01470 215

‘SP–03–1C–Gn–2’ Strzegom 38.61990 0.02360 15.70720 0.00960 18.63580 0.01260 215

‘SP–03–1C–Gn–3’ Strzegom 38.55710 0.01690 15.68060 0.00710 18.60470 0.01040 184

‘SP–03–1C–Gn–4’ Strzegom 38.53570 0.02150 15.67460 0.00910 18.60740 0.01140 169

‘SP–03–1C–Gn–5’ Strzegom 38.69840 0.03980 15.74170 0.01590 18.67070 0.01970 258

‘SP–03–1C–Gn–6’ Strzegom 38.72240 0.03700 15.75770 0.01580 18.69650 0.02000 271

‘SP–03–1C–Gn–7’ Strzegom 38.63250 0.03130 15.70920 0.01330 18.66200 0.01560 200

‘SP–03–1C–Gn–8’ Strzegom 38.65820 0.02590 15.72300 0.01110 18.67020 0.01350 221
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ga lena crys tals were found in a peg ma tite druse in gran ite, rep -
re sent ing a mag matic–hy dro ther mal stage en riched in ura nium
rel a tive to the gra nitic melt, could all af fect the Pb-iso tope sig na -
ture in the Strzegom sam ple. Fur ther stud ies of Pb-Pb iso topes
in the Sudetes Moun tains are needed to better un der stand Pb
iso to pic res er voirs in the Bo he mian Mas sif and ex plain dis crep -
an cies be tween Pb-Pb model ages re ported here and es tab -
lished geo chron ol ogi cal data. 

Both Przecznica and Strzegom plot very close to or above
the up per crust Pb av er age evo lu tion curve, es pe cially when
com pared with the data for min er al iza tion in the NW part of the
Bo he mian Mas sif com piled from the lit er a ture (Fig. 6). Al though 
they were ob tained with dif fer ent meth ods (TIMS, so lu tion MC-
 ICP-MS and in situ LA-MC-ICP-MS), the align ment of
Waldsassen, Klingenthal-Kraslice and Przecznica data along a
no tice able trend (Fig. 6A) could po ten tially rep re sent a mix ing
line be tween man tle and a crustal Pb res er voir al though more
data are nec es sary to con firm this.

CONCLUSIONS

·  Sul phide min er al iza tion in the Stara Kamienica Schist
Belt ex hibit di verse min er al ogy in clud ing rare Te-canfieldite (re -
ported only in a hand ful of lo cal i ties world wide), “freibergite -
-(Fe)”, garavellite, hedleyite, joseite-A, ullmannite, na tive Bi, ga -
lena, Bi-rich jamesonite, cobaltite, stannite, ar seno py rite and
glaucodote. How ever, they oc cur only as ac ces sory min er als
and their quan ti ties are too low to be of eco nomic im por tance

· De spite rel a tively the small dis tance (3 km) be tween the
ar eas stud ied, they show dis tinct geo chem i cal and min er al og i -

cal dif fer ences. Sam ples col lected in the “Psi Grzbiet” area are
very sim i lar to those re ported from the Jialong Cu-Sn deposit in
China re lated to a shear zone and are char ac ter ized by the
pres ence of Ag, Ni, Sb, and Te min er als with very lit tle ar seno -
py rite. The min er al ogy of the Przecznica area is char ac ter ized
by an abun dance of As phases rep re sented mainly by cobaltite
and ar seno py rite with a si mul ta neous lack of Sb min er als. 

· S iso tope val ues of Przecznica sam ples, al though de ter -
mined with a dif fer ent method (in situ MC-LA-ICP-MS rather
than bulk sam ples), are heavier than in most de pos its re lated to
the Karkonosze Gran ite in tru sion, sug gest ing a dif fer ent or i gin
for or an ad di tional source of sul phur.

· The Pb iso tope sig na ture in ga lena from Przecznica re -
sem bles Early Pa leo zoic pre-Variscan min er al iza tion rather
than Variscan min er al iza tion, sup port ing the in fer ence that the
or i gin of the ga lena-sphalerite-py rite min er al iza tion is pre-meta -
mor phic and there fore the post-meta mor phic Karkonosze
Pluton can not be its source.
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