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Elec tron microprobe anal y ses of min eral sam ples from ar chi val drill ing cores from the Stara Kamienica schist belt, West ern
Sudetes, were ap plied to help in ter pret cas sit er ite-sul phide min er al iza tion known for cen tu ries, but still of un clear or i gin. The
new data, in clud ing EMPA U-Th-to tal Pb dat ing of uraninites co eval with cas sit er ite-sul phide min er al iza tion, help in form dis -
cus sion of the gen e sis of this tin min er al iza tion. The uraninites an a lyzed, scat tered within micas in the schists, have ho mo ge -
neous in ter nal struc ture with out any cracks and clear grain edges, which may in di cate their hy dro ther mal or i gin. Re sults of
uraninite dat ing in di cate two age ranges: ap prox i mately 300–310 and 345–360 Ma, which may sug gest crys tal li za tion of the
cas sit er ite-sul phide min er al iza tion dur ing hy dro ther mal metasomatic pro cesses re lated, re spec tively, to re gional meta mor -
phism and the fi nal em place ment of the Karkonosze granitoid in tru sion.
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INTRODUCTION

Stara Kamienica schist belt in the West Sudetes, Po land,
part of the Karkonosze-Izera meta mor phic unit, is built mainly of 
quartz-chlorite-mica schist within which cas sit er ite with ac com -
pa ny ing sul phide min er al iza tion has been rec og nized
(Michniewicz et al., 2006). The study area saw tin ore min ing
ac tiv ity from the be gin ning of 16th cen tury, while in the mid dle of
20th cen tury two de pos its of tin ore (Krobica and Gierczyn) were
doc u mented within it and a num ber of pro spec tive ar eas were
noted (e.g., Krobica Zachód – Czerniawa and Przecznica;
Ma³ek et al., 2019, with ref er ences therein).

Dis cus sions con tinue about the gen e sis and source of min -
er al iza tion con tained in the Stara Kamienica schist belt. Elec -
tron microprobe anal y sis (EMPA) U-Th-to tal Pb dat ing of ac -
ces sory uraninites, oc cur ring in as so ci a tion with ore min er als,
has the po ten tial to pro vide new data. U-Pb dat ing (Parrish,
1990) by EMPA can pre cisely date monazite
[(Ce,La,Nd,Th)PO4] (e.g., Suzuki and Adachi, 1991a, b; Montel
et al., 1996; Cocherie et al., 1998) and also uraninite [UO2], and

xeno time [YPO4] (e.g., Cross et al., 2011; Ozha et al., 2017;
Grif fin et al., 2020).

The age is de ter mined by mea sur ing U, Th, and Pb, as sum -
ing that there is neg li gi ble com mon lead, that the iso topes of U
are pres ent in their crustal abun dances, and that el e men tal
con cen tra tions have not been sig nif i cantly mod i fied by sub se -
quent mass trans fer (Montel et al., 1996; Cocherie et al., 1998).
This method de ter mines the ap prox i mate age of a given grain
based on a math e mat i cal cal cu la tion in volv ing the UO2, ThO2

and PbO con tent ra tios (in weight %) mea sured with a Cameca
SX-100 elec tron microprobe (Kusiak, 2007). Ra dio genic Pb ac -
cu mu lates in uraninite and other min er als with sig nif i cant Th
and/or U (e.g., thorite, monazite, xeno time).

The anal y sis of Th, U, and Pb in monazite by EMPA in -
volves two equally crit i cal as pects: (a) ob tain ing ad e quate pre -
ci sion (suf fi cient counts) to achieve ac cept able de tec tion lim its
and er rors rel a tive to the ques tions be ing asked and (b) ob tain -
ing ac cu rate con cen tra tions. The first point is pri mar ily a func -
tion of count ing pa ram e ters (in ten sity, to tal ac qui si tion time per
point, and to tal num ber of points in the anal y sis). The sec ond
point is far more dif fi cult to eval u ate and is a func tion of many
pos si ble an a lyt i cal ef fects (Jercinovic and Wil liams, 2005; Pyle
et al., 2005; Wil liams et al., 2007).

EMPA dat ing con sists of ana lys ing mul ti ple spots within ho -
mo ge neous age do mains that show suf fi cient compositional
vari a tion, and then these data are used to con struct a “pseudo-
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 isochron” from which an age can be ob tained via re gres sion.
This method has the po ten tial ad van tage of ad e quate pre ci -
sion, and the abil ity to work with min er als that have a sig nif i cant
ini tial com mon Pb com po nent. This tech nique can iden tify two
or more ho mo ge neous do mains that are sep a rated by age
gaps smaller than the er ror on in di vid ual spot age anal y ses
(Suzuki and Kato, 2008). EMPA dat ing method can pro duce
ac cu rate and mod er ately pre cise ages of min eral growth. It has
the ad van tages of be ing non-de struc tive, of high spa tial res o lu -
tion, achiev able with widely avail able elec tron microprobe in -
stru ments, and is work able on min er als with less-ra dio genic (or
ini tial) Pb con tents (Suzuki and Dunkley, 2015).

The aim of us ing EMPA U-Th-to tal Pb  dat ing method was
to de ter mine the age of ac ces sory uraninite within the Stara
Kamienica mica schist. The ura nium min er al iza tion within the
north ern cover of the Karkonosze Gran ite, in clud ing schists of
the Stara Kamienica belt, has been stud ied by many re search -
ers. Most of them at trib ute the for ma tion of the ura nium min er -
als to metasomatic and hy dro ther mal ac tiv ity re lated to gran ite
in tru sions and re gional meta mor phism (e.g., Mochnacka and
Banaœ, 2000 with ref er ences therein). Any new data re lated to
the ages of hy dro ther mal ura nium min er als from this area could 
help de ter mine the or i gin, pro cesses and geo log i cal his tory of
the cas sit er ite-sul phide min er al iza tion within the Stara
Kamienica schist belt.

GEOLOGICAL SETTING

The West Sudetes con sti tute the north ern most, ex posed
re gion of the Bo he mian Mas sif’s Saxothuringian zone (Franke
and ̄ elaŸniewicz, 2000; Konopásek et al., 2019). The south ern 
part of the West ern Sudetes is the Karkonosze-Izera Mas sif,
the core of which is a granitoid com plex (the protolith is early
Pa leo zoic in age, Borkowska et al., 1980; Kröner et al., 2001)
sur rounded by meta mor phosed sed i men tary and vol ca nic
rocks (Kryza et al., 1995, 2007; Winchester et al., 1995, 2003;
Žáèková et al., 2012). The geotectonic de vel op ment of the area 
be gan with the subduction of the Saxothuringian Ocean, ac -
com pa nied by the de vel op ment of high-pres sure min eral as so -
ci a tions within both mafic and felsite rocks (Kryza et al., 1990;
Smulikowski, 1995; Žáèková et al., 2010; Majka et al., 2016).
The later stages of the re gion’s evo lu tion con sist of the up lift of
high-pres sure subduction rocks, their ex ten sive ret ro gres sion
in greenschist fa cies con di tions, and post-meta mor phic fold ing
of the rocks of the en tire com plex. Sub se quently, around
320–312 Ma, the Karkonosze plutonic com plex in truded into
the Karkonosze-Izera mas sif (Machowiak and Armstrong,
2007; Kryza et al., 2014; Mikulski et al., 2020).

The Karkonosze granitoid in tru sion, stretch ing for ~70 km in 
an E–W di rec tion, is the cen tral part of the Karkonosze-Izera
meta mor phic unit, which sep a rates the meta mor phic for ma -
tions into two units: the Izera meta mor phic unit (north ern cover
of the Karkonosze gran ite) and the east ern-south ern
Karkonosze meta mor phic unit (Smulikowski, 1972). The Izera
Meta mor phic unit con sists of two main rock com plexes. The
first of these, pre dom i nat ing in terms of area, com prises the the
pre-Variscan Izera gran ites, gneiss es and gran ite-gneiss es.
The sec ond com plex con sists of lithologically di verse schists,
whose dom i nant com po nents are quartz, micas and chlorites
with vari able quan ti ta tive re la tions. Within the gneiss-granitoid
com plex, the schists form five rel a tively nar row, E–W-aligned
belts (Fig. 1; Oberc, 1961; Michniewicz et al., 2006). From
south to north they are: the Szklarska Porêba schist belt, the
Stara Kamienica schist belt, the Mirsk schist belt, the
Jindøichovice schist belt and the Z³otniki Lubañskie schist belt.

The or i gin of the schist bod ies of the Izera Meta mor phic unit
is con sid ered to be the re sult of supracrustal meta mor phism
(Oberc, 1961; Oberc-Dziedzic, 1975), while in the case of the
gneiss-gran ite com plex, there are three main ideas re gard ing
its or i gin. The first of these sug gests a meta mor phosed and
trans formed set of infracrustal rocks (Borkowska et al., 1980),
the sec ond one fo cuses on the granitization of the supracrustal
rocks, re sult ing in the tran si tion from schist through gneiss es
and granitogneisses to granitoid rocks (Oberc, 1961, 1972;
Oberc-Dziedzic, 1975). The third view in ter prets the gen e sis as
from co ex is tence of both de vel op men tal se quences de scribed
above, with ho mog e ni za tion lo cally caus ing the blur ring of orig i -
nal dif fer ences be tween the su pra- and intra-crustal rocks
(Koz³owska-Koch, 1965; Smulikowski, 1972; Koz³owski, 1974;
¯aba, 1984; Oberc-Dziedzic, 1988; Mazur and Aleksandrowski, 
2001).

It is in ferred that the schist com plex of the Karkonosze-Izera 
mas sif is of Pre cam brian age, this in fer ence be ing based on a
num ber of ob ser va tions and geo log i cal pre mises (Michniewicz
et al., 2006). Rb-Sr dat ing of the Izera gneiss-granitoid com plex
and also U-Pb and Pb-Pb dat ing of zir cons in di cates an age
range of 452–501 Ma, i.e the Late Cam brian–Late Or do vi cian
strati graphic in ter val (Borkowska et al., 1980, Ol i ver et al., 1993; 
Korytowski et al., 1993; Kröner et al., 1994).

The Stara Kamienica schists are fine-grained rocks with a
granolepidoblastic struc ture, light grey or sil very grey in col our
(of ten with a green ish tint), with clearly marked fo li a tion and
lam i na tion (Fig. 2). Their main min eral com po nents are mus co -
vite and quartz, which are pres ent in all lithological va ri et ies rec -
og nized. Chlorite and bi o tite oc cur less fre quently and may oc -
cur to gether or in ter change ably. Within this rock com plex there
are lev els with chloritoid and gar nets, which of ten can play a sig -
nif i cant role in the min eral com po si tion of the schists. A num ber
of schist ac ces sory min er als have been rec og nized, in clud ing
al bite, staurolite, gahnite, margarite, ap a tite, tour ma line, zir con,
monazite, xeno time, il men ite and oth ers (Michniewicz et al.,
2006, with ref er ences therein). Through out the whole schist
suc ces sion, re gard less of the lithological va ri ety and min eral
pro por tions, lenses, boudins and quartz folds are ob served.
Lam i na tion in the schists is made of al ter nat ing quartz- and
mica-rich lay ers.

THE CASSITERITE-SULPHIDE MINERALIZATION

The main tin min eral of the Stara Kamienica schists is cas -
sit er ite (SnO2), that forms grains <0.1 mm across (i.e.
Harañczyk and Skiba, 1961; Kowalski et al., 1978;
Wiszniewska, 1984; Bobiñski, 1997; Michniewicz at al., 2006;
Mikulski et al., 2018; Ma³ek et al., 2019). It oc curs as sin gle
grains or larger clus ters in as so ci a tion mainly with quartz and
chlorite, and slightly less fre quently with sulphides, mus co vite,
chloritoid and bi o tite (Fig. 3). Cas sit er ite oc curs in the schists in
two va ri et ies, brown and colour less, usu ally form ing ag gre -
gates, lamellar or ir reg u lar clus ters and also as sin gle crys tals.
Grain clus ters of cas sit er ite are ar ranged par al lel to the fo li a tion
of the schists, form ing pseudo-laminae and lenses.
(Siemi¹tkowski, 1991; Michniewicz et al., 2006, with ref er ences
therein). The cas sit er ite is ac com pa nied by ore min er als: mainly 
sulphides, but also ox ides, sul phur salts, ar sen ides and na tive
met als (e.g., na tive bis muth; Ma³ek, 2022). The most com mon
forms of sul phide oc cur rence are lay ers con sis tent with the rock 
fo li a tion (thick ness up to sev eral mm), pseudo-lay ers com -
posed of speck led ac cu mu la tions, mas sive clus ters, im preg na -
tions em pha siz ing the schist fo li a tion and fine veins trans verse
to it. In to tal, over 50 ore min er als have been rec og nized; most
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Fig. 1. Schist belts within the Izera Meta mor phic Com plex (af ter Michniewicz et al., 2006, mod i fied)

Fig. 2. Mac ro scopic view of the Stara Kamienica schists: chlorite (Chl) – bi o tite (Bt) – mus co vite (Ms) – quartz (Qz) schists 
with ac ces sory gar net (Grt)



of them oc cur spo rad i cally in small amounts and are of only ac -
a demic sig nif i cance. The dom i nant ore min er als rec og nized
within the schists along the en tire width ex am ined of the Stara
Kamienica belt are pyrrhotite, chal co py rite, py rite, ar seno py rite, 
sphalerite, ga lena, il men ite, bis muthi nite as well as na tive bis -
muth. The ob ser va tions of many re search ers in di cate that the
sul phide and ore min er al iza tion su per im posed on pre-ex ist ing
cas sit er ite min er al iza tion, but it is im pos si ble to dis tin guish clear 
ge netic con nec tions be tween the cas sit er ite and sul phide min -
er al iza tion, which do not al ways co ex ist (Michniewicz et al.,
2006, with ref er ences therein).

Re search ers do not agree on the or i gin of cas sit er ite-sul -
phide min er al iza tion in the Stara Kamienica schists. We can cur -
rently dis tin guish four dis tinct groups of views on the or i gin of the
min er al iza tion, each with their own ar gu ments. The first is in fa -
vour of a syngenetic, sed i men tary gen e sis of the cas sit er ite-sul -
phide min er al iza tion, which un der went later meta mor phism (i.e.
Jaskólski, 1960, 1963; Sza³amacha, 1967, 1976). The sec ond
group of views speaks of a pre-meta mor phic (pre-Variscan) hy -
dro ther mal gen e sis re lated to an orig i nally ig ne ous com plex of
the Izera gneiss es (i.e., Harañczyk and Skiba, 1961;
Siemi¹tkowski, 1986, 1988, 1989; Michniewicz, 1988, 1996;
Cook and Dudek, 1994; Bobiñski, 1997; Michniewicz et al.,
2006). The third the ory pres ents ar gu ments for the hy dro ther -
mal, post-meta mor phic gen e sis of the min er al iza tion, which is
tem po rally and spa tially re lated to the Variscan in tru sion of the
Karkonosze granitoid (i.e., Jaskólski and Mochnacka, 1959;
Kowalski et al., 1978; Koz³owski, 1978; Karwowski and W³odyka, 
1981; Wiszniewska, 1983, 1984; Speczik and Wiszniewska,
1984; Berendsen et al., 1987; Piestrzyñski et al., 1992; Kucha
and Mochnacka, 1998). Fourthly, Mikulski et al. (2007), in re la -
tion to the As min er al iza tion at Czarnów, which is part of the east -
ern cover of the Karkonosze gran ite, built of anal o gous schists
con tain ing cas sit er ite and sul phide min er al iza tion, pro posed a
much more com plex metasomatic-hy dro ther mal gen e sis as so ci -
ated with multi-stage de vel op ment of in tru sive-meta mor phic pro -
cesses of pre-Variscan and Variscan ages.

MATERIALS AND METHODS

Sam ples were se lected from ar chi val drill ing cores from the
Stara Kamienica schist belt, the his toric St. Johannes and St.
Leopold mines in Krobica, a mica schist quarry in Or³owice and
post-min ing heaps in Gierczyn (Mikulski et al., 2018).

Back-scat tered elec tron (BSE) im ag ing and compositional
anal y ses were car ried out on car bon-coated thin sec tions us ing
a CAMECA SX-100 X-ray microprobe in the Mi cro-area Anal y -
ses Lab o ra tory at the Pol ish Geo log i cal In sti tute – Na tional Re -
search In sti tute (Warszawa, Po land). De tailed ob ser va tions
and anal y ses of chem i cal com po si tion us ing WDS (wave length
dispersive spec tros copy) de tec tors were fo cused on a num ber
of uraninite grains. The an a lyt i cal con di tions of the quan ti ta tive
anal y ses of the uraninite stud ied were as fol lows: ac cel er at ing
volt age of 15 or 20 kV, beam cur rent of 10, 20 or 40 nA, fo cused 
beam di am e ter <1 µm and ac qui si tion time at peak po si tion of
20 s and in back ground po si tion of 10 s.

The fol low ing pa ram e ters were used for the U-Th-to tal Pb
dat ing: ac cel er at ing volt age 15 kV, cur rent in ten sity in the first
col umn 40 nA, and in the sec ond col umn 200 nA, while the fol -
low ing an a lyt i cal lines were used for the read ings: Umb, ThMa,
PbMb. To cal i brate the anal y sis, a xeno time stan dard from
Iveland [Nor] was used with an U-Pb or Th-Pb age of 900 ± 52
Ma. Math e mat i cal cal cu la tions were per formed us ing the
EMPA U-Th-to tal Pb dat ing soft ware in clud ing the Age Map
con ver sion pro gram in cluded in the PEAK SIGHT pack age. Full 
de tails of the EMPA an a lyt i cal con di tions are pro vided in Ap -
pen dix 1.

RESULTS

Uraninite grains were rec og nized in two sam ples taken from 
the ar chi val drill ing cores from Krobica (bore hole K-II/3, sam ple
depth 250.6 m) and Gierczyn (bore hole G-1/13, sam ple depth
154.9 m) sited in the cen tral part of the Stara Kamienica schist
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Fig. 3. Op ti cal mi cro scope im ages of the Stara Kamienica schists with the char ac ter is tic cas sit er ite min er al iza tion

Left – brown cas sit er ite (older, Cst I) re placed by col our less cas sit er ite (youn ger, Cst II) within chlorite (Chl) – quartz (Qz) schists; 
right – cas sit er ite (Cst II) within a chlorite lamina
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belt (Fig.1). Uraninite in these oc curs as an ac ces sory min eral,
ob served in the form of small (usu ally up to 20 µm across),
rounded xenomorphic grains, most of ten as in clu sions in
chlorite, but also in ore min er als such as pyrrhotite, py rite and
chal co py rite (Fig. 4A). The uraninite grains ana lysed were char -
ac ter ized by a ho mo ge neous in ter nal struc ture and clear edges
(Fig. 4C), which may in di cate their hy dro ther mal or i gin. Oc ca -
sion ally, uraninite grains with small cracks and signs of
metasomatic al ter na tion were also found (Fig. 4B). The anal y -
ses of those grains showed higher mea sure ment er rors, and for 
that rea son they were ex cluded from fur ther con sid er ation.

A to tal of 11 WDS anal y ses of the chem i cal com po si tion of
those uraninites (Ta ble 1) whose grain shape and form of oc -
cur rence could in di cate a hy dro ther mal or i gin were con sid ered
as suit able for cal cu lat ing a U-Th-to tal Pb age. The av er age
con tent of UO2 in the uraninites ana lysed was 88.72 wt.%, the
most sig nif i cant ad mix tures be ing PbO (avg. 4.168 wt.%), FeO
(avg. 1.518 wt.%), ThO2 (avg. 0.396 wt.%) and Y2O3 (avg.
0.327 wt.%). Other ox ides iden ti fied showed a mea sured av er -
age con tent of <0.3 wt.%. All compositional data of the EMPA
anal y ses to gether with cal cu lated U-Th-to tal Pb ages are pro -
vided in Ap pen dix 2.

Rafa³ Ma³ek and Stanis³aw Z. Mikulski / Geo log i cal Quar terly, 68, 36 5

Fig. 4A – uraninite (Urn) intergrown with pyrrhotite (Pyh) in as so ci a tion with cas sit er ite (Cst) within a chlorite (Chl)
lamina, Krobica K-II/3 bore hole, BSEI (back-scat tered elec tron im age); B – cracked uraninite grain in chlorite-quartz
(Qz) schist, Gierczyn G-I/13 bore hole, BSE; C – com mon oc cur rence of uraninite in a mus co vite-chlorite (Ms/Chl)
lamina, Gierczyn G-I/13 bore hole, BSE



The mi cro-area anal y ses and the low mea sure ment er rors
ob tained (Ta ble 1 and Ap pen dix 2) mean that the dat ing of
uraninites can be con sid ered as re li able. The uraninite U-Th-to -
tal Pb ages ob tained are clus tered in two ranges: ap prox i mately 
300–310 (3 re sults) and 345–360 Ma (8 re sults; Fig. 5). The
geo met ric mean of the uraninite ages are as fol lows: 301.6 ±7
Ma (n = 3), 348.6 ±12.5 Ma (n = 4) and 362 ±8 Ma (n = 4).

DISCUSSION

The petrographic char ac ter of the uraninites stud ied may in -
di cate their hy dro ther mal or i gin. Given the lack of more spe cific
iso to pic data, though, es pe cially of com mon Pb in the
uraninites, their hy dro ther mal or i gin is not cer tain. We as sume
that the crys tal li za tion ages ob tained for these min er als cor re -
spond to hy dro ther mal events that led to both the uraninite and
the cas sit er ite-sul phide min er al iza tion, as their re la tion ship was 
es tab lished by min er al og i cal and geo chem i cal stud ies: ob ser -
va tions of min eral paragenesis and co-oc cur rence of ore min er -
als with REE car rier min er als, the pres ence of ura nium ad mix -
tures in the ore min er als and a pos i tive cor re la tion of ura nium
with some met als (e.g. Cu, Sn, Ag, In, Sb, W, and Bi: Ma³ek,

2022). The dates ob tained may al low re in ter pre ta tion of the or i -
gin of the cas sit er ite-sul phide min er al iza tion in the Stara
Kamienica schist belt.

Microprobe U-Th-to tal Pb dat ing of uraninites has been
widely used for many years, par tic u larly for dat ing hy dro ther mal
events. An ex am ple of such an ap pli ca tion was pro vided by
Pieczonka et al. (2019), who, based on the PbO and REE con -
tents in uraninite, dis tin guished two gen er a tions cor re spond ing
to sep a rate hy dro ther mal events. Anal y ses of the chem i cal
com po si tion of uraninites from the Stara Kamienica schists do
not show sig nif i cant dif fer ences in Pb and REE con tent (PbO
con tent in the range of 3.43–4.50 wt.%; for com par i son
Pieczonka et al. (2019) re corded PbO con tents in uraninite
rang ing from 0.54 to 6.80 wt.%). De spite the lack of a var ied
chem i cal com po si tion, of dif fer ent forms of oc cur rence, or of re -
la tion ships with other min er als, the uraninites from the Stara
Kamienica schists were prob a bly formed as a re sult of at least
two hy dro ther mal events, as in di cated by the re sults of the
dates ob tained.

The age of the Izera gran ite-gneiss com plex is 452–501 Ma
(Borkowska et al., 1980; Ol i ver et al., 1993; Korytowski et al.,
1993; Kröner et al., 1994), much older than the min eral ages
ob tained in this study. The rocks of the Izera com plex (spe cif i -
cally the granitoid protolith of the Izera rocks) can not there fore
be a source of hy dro ther mal so lu tions for the cas sit er ite-sul -
phide min er al iza tion. The sit u a tion is slightly dif fer ent in the
case of the Karkonosze granitoid, where dat ing of in di vid ual
lithological units in di cate its for ma tion in the range of
~300–330 Ma (Mikulski et al., 2020, with ref er ences therein).
The uraninite age range of 301.6 ±7 Ma ob tained in this study
falls within the age range of the for ma tion of the Karkonosze
gran ite. The groups of uraninite dat ing re sults of 348.6
±12.5 Ma and 362 ±8 Ma may in di cate strong hy dro ther mal
metasomatic pro cesses re lated to re gional meta mor phism.
This age is con sis tent with the Variscan orog eny, re spon si ble
for the meta mor phism and de for ma tion of the Izera area. It is
prob a ble that plutonic pro cesses pre ced ing the crys tal li za tion of 
the Karkonosze gran ite led to a se ries of hy dro ther mal events
that con trib uted to the de vel op ment of the meta mor phic Izera
area and the pre cip i ta tion of cas sit er ite and other ore min er als
within the Stara Kamienica schists, a geochemically dif fer ent
me dium within the Izera gran ite com plex. Re cent stud ies of the
Przecznica polymetallic min er al iza tion, es pe cially of lead iso -
topes us ing a Nu Plasma HR multicollector ICPMS with a la ser
ab la tion sys tem (LA MC-ICP-MS) on ga lena, yielded crys tal li -
za tion ages of this min eral of ~694–744 Ma. Pb-Pb ages were
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No. Bore hole / sam ple Age [Ma] Er ror ± Ma (1s)

1 Kobica K-II/3 299 7

2 Kobica K-II/3 367 8

3 Kobica K-II/3 307 7

4 Kobica K-II/3 299 7

5 Kobica K-II/3 363 8

6 Kobica K-II/3 365 8

7 Kobica K-II/3 362 8

8 Gierczyn G-I/13 350 15

9 Kobica K-II/3 351 15

10 Kobica K-II/3 349 15

11 Kobica K-II/3 350 15

T a  b l e  1

U-Th-to tal Pb dat ing re sults of the uraninites

Fig. 5. Fre quency his to gram of the uraninite U-Th-to tal Pb dates
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cal cu lated with PbIso (Armistead et al., 2021) us ing model pa -
ram e ters from Stacey and Kramers (1975) and gave
Neoproterozoic ages. This may stand for a pre-Variscan age
(and source of lead) for at least part of the Stara Kamienica
schist min er al iza tion (Foltyn et al., 2023). On the other hand,
the re sults of LA-ICP-MS dat ing of cassiterites from the
Gierczyn-Przecznica area pro vided by Zygo et al. (2023) seem
to clearly cor re spond with EMPA U-Th-to tal Pb dat ing of
uraninites re vealed in this study. Those au thors de ter mined the
ages of cassiterites as 353 ±14, 360 ±5 and 318 ±6 Ma. They in -
ferred that the first event (353 ±14 and 360 ±5 Ma) may be re -
lated to the re gional meta mor phism while the sec ond one
(youn ger, 318 ±6 Ma) may be as so ci ated with the em place ment 
of the Karkonosze Gran ite.

We re gard our chem i cal U-Th-to tal Pb age de ter mi na tion
for the Stara Kamienica schist belt uraninite as pos sess ing a
lower level of con fi dence than the re cent LA-ICP-MS dat ing re -
sults (e.g., Foltyn et al., 2023; Zygo et al., 2023). With out any
con trol of the com mon Pb con tent of the Stara Kamienica schist 
belt uraninite grains stud ied, our EMPA chem i cal U-Th-to tal Pb
age is best in ter preted as a re con nais sance-level age de ter mi -
na tion as a pre lude to more spe cific iso to pic stud ies. How ever,
the uraninite age re sults ob tained with the EMPA U-Th-to tal Pb
method cor re spond with the ages ob tained by other au thors,
es pe cially with the LA-ICP-MS cas sit er ite ages pro vided by
Zygo et al., (2023).

There fore, we con clude that the cas sit er ite-sul phide min er -
al iza tion of the Stara Kamienica schists prob a bly arose as a re -
sult of hy dro ther mal-metasomatic ac tiv ity as so ci ated with the
multi-stage de vel op ment of in tru sive and meta mor phic pro -
cesses of the Pre-Variscan and Variscan cy cles lead ing to the
for ma tion of the Karkonosze gran ite and the evo lu tion of the
Izera mas sif. The U-Pb EMPA ages ob tained of the hy dro ther -
mal uraninites, of ap prox i mately 348.6 ±12.5 Ma and 362
±8 Ma, can be con sid ered as a sign of re gional meta mor phism
and hy dro ther mal ac tiv ity while the youn ger age of 301.6 ±7 Ma
may in di cate later-stage hy dro ther mal pro cesses as so ci ated
with the Karkonosze gran ite in tru sion. Sim i lar con clu sions, of
com plex, multi-stage gen e sis of polymetallic min er al iza tion in
the Czarnów area, oc cur ring in anal o gous schists in the east ern 
part of the Karkonosze granitoid cover, were de scribed by
Mikulski et al. (2007).
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APPENDIX 1 

EMPA analysis conditions 

Signal(s) Used: Si Kα, Hf Mα, Al Kα, Y Lα, Sr Lα, Lu Lβ, Tm Lβ, Ho Lβ, Yb Lα, Er Lα, Dy Lα, 

Fe Kα, Tb Lα, Gd Lα, Eu Lα, Sm Lα, As Lβ, Nd Lβ, P Kα, Zr Lα, S Kα, K Kα, Ca Kα, Th Mα, 

U Mβ, Pb Mβ. 

Column Conditions: 15keV, 200nA. 

Analysis Parameters:   

Elements Xtal Position Bg+ Bg- Slope Bias Gain Dtime Blin Wind 

Si Ka TAP 27740     1400 1,1 1312 3056 3 560   

Hf Ma TAP 29320 -400 500     1300 2977 3 1586 3414 

Al Ka TAP 32459 -2400 2800     1313 3057 3 560   

Y  La LPET 73640 -1200 1200     1848 1014 3 560   

Sr La LPET 78415     1000 1 1822 595 3 459 1790 

Lu Lb LLIF 35340 -800 800     1829 425 3 1844 1968 

Tm Lb LLIF 38010 -900 600     1825 425 3 1679 1906 

Ho Lb LLIF 40870 -1000 1150     1820 425 3 1531 1830 

Yb La LLIF 41475 -1600 1600     1827 423 3 560   

Er La LLIF 44290 -600 600     1820 425 3 1376 1762 

Dy La LLIF 47390 -800 1200     1839 442 3 1258 1704 

Fe Ka LLIF 48088 -1500 1900     1821 426 3 560   

Tb La LLIF 49050 -400 950     1820 425 3 1201 1674 

Gd La LLIF 50800 -800 800     1850 415 3 1145 1644 

Eu La LLIF 52655 -600 500     1820 425 3 1092 1614 

Sm La LLIF 54620 -600 500     1820 425 3 1036 1588 

As Lb TAP 36615 -1000 2000     1314 3108 3 1097 3266 

Nd Lb LLIF 53800 -400 400     1820 425 3 1058 1600 

P  Ka LPET 70360 -2500 1500     1313 1033 3 526 1924 

Zr La LPET 69390 -1800 2600     1306 1059 3 530 1948 

S  Ka LPET 61386     1600 1 1310 1037 3 527 2205 

K  Ka LPET 42769     800 1 1313 1012 3 1014 2648 

Ca Ka LPET 38388 -700 800     1311 1042 3 560   

Th Ma LPET 47285 -1200 800     1306 1059 3 858 2512 

U  Mb LPET 42400 -1200 800     1847 1006 3 1027 2660 

Pb Mb LPET 57975 -1050 1300     1847 1006 3 588 2272 

 

Used standard composition:    

 Wollastonite = O: 41.17%, Na: 0.01%, Mg: 0.01%, Si: 23.99%, Ca: 34.17%, Ti: 

0.01%, Mn: 0.49%, Fe: 0.15%  

 47-ZrO2 Zirconia = O: 24.91%, Y: 14.37%, Zr: 59.17%, Hf: 1.51%  

 Orthoclase = O: 46.28%, Na: 1.01%, Al: 9.82%, Si: 30.43%, K: 12.19%, Ca: 0.01%, 

Ti: 0.01%, Mn: 0.01%, Fe: 0.02%, Sr: 0.04%, Ba: 0.13%  

 Xenotime = O: 31.7%, Si: 0.04%, P: 15.28%, Y: 33.62%, Nd: 0.14%, Sm: 0.67%, Eu: 

0.43%, Gd: 3.8%, Tb: 0.83%, Dy: 6.4%, Er: 3.42%, Yb: 3.42%, Th: 0.14%  

 SrTiO3 = Sr: 47.7442%, Ti: 26.1007%, O: 26.1551%  

 23_Lu-glass = O: 42.42%, Al: 6.75%, Si: 25.5%, Ca: 14.78%, Lu: 10.55%  

 21_Tm-glass = O: 42.55%, Al: 6.75%, Si: 25.5%, Ca: 14.78%, Tm: 10.42%  

 HoPO4 = Ho: 63.4582%, P: 11.9174%, O: 24.6244%  

 YbPO4 = Yb: 64.5639%, P: 11.5568%, O: 23.8793%  



 ErPO4 = Er: 63.7828%, P: 11.8115%, O: 24.4056%  

 DyPO4 = Dy : 63.1133%, P  : 12.0299%, O: 24.8568%  

 34-Olivine = O: 43.89%, Mg: 30.42%, Si: 19.44%, Mn: 0.08%, Fe: 5.87%, Ni: 0.3%  

 17_Tb_Glass = O: 42.85%, Al: 6.75%, Si: 25.5%, Ca: 14.78%, Tb: 10.12%  

 GdPO4 = Gd: 62.3455%, P: 12.2803%, O: 25.3742%  

 EuPO4 = Eu: 61.5388%, P: 12.5434%, O: 25.9178%  

 SmPO4 = Sm: 61.2943%, P: 12.6231%, O: 26.0826%  

 Arsenopyrite FeAsS = Fe: 34.44%, As: 44.83%, S: 20.73%  

 NdPO4 = Nd: 60.2976%, P: 12.9482%, O: 26.7542%  

 04-Apatite = O: 38.07%, F: 3.77%, P: 18.42%, Ca: 39.74%  

 ZrSiO4 (2) = O: 34.75%, Si: 15.24%, Zr: 49.1%, Hf: 0.91%  

 BaSO4 = O: 27.42%, S: 13.74%, Ba: 58.84%  

 2_Orthoclase = O: 46.31%, Na: 1.01%, Al: 9.82%, Si: 30.45%, K: 12.2%, Ca: 0.01%, 

Mn: 0.01%, Fe: 0.02%, Sr: 0.04%, Ba: 0.13%  

 25_Th_Glass_2 = Al: 7.3826%, Si: 27.1865%, Ca: 15.7244%, Th: 5.1736%, O: 

44.533%  

 26_U_Glass_2 = O: 45.002%, Al: 7.4386%, Si: 27.5911%, Ca: 16.1066%, U: 

3.8618%  

 28_Crocoite = O: 19.8%, Cr: 16.09%, Pb: 64.11%  

Beam Size:  1 µm. 

Used dating standard: xenotime from Iveland [Nor], age = +/- 900 Ma 

 
Weight% 

Point# Si Hf Y Sr Lu Tm Ho Yb Er Dy Tb Gd Eu Sm Nd 

1 1,595 0,031 31,341 0,006 1,063 0,293 0,577 4,639 2,457 2,616 0,24 1,183 0,029 0,423 0,231 

2 1,58 0,011 31,241 0,002 0,939 0,389 0,592 4,802 2,524 2,594 0,243 1,217 0,017 0,382 0,245 

3 1,573 0,025 31,482 0 0,729 0,285 0,641 4,614 2,485 2,643 0,207 1,197 0,022 0,401 0,219 

4 1,585 0,04 31,129 0,006 0,943 0,309 0,466 4,631 2,547 2,603 0,268 1,182 0,004 0,395 0,303 

5 1,547 0,014 31,66 0,014 0,947 0,288 0,623 4,772 2,565 2,636 0,268 1,242 0,008 0,378 0,225 

6 1,543 0,035 31,781 0,018 0,93 0,213 0,655 4,665 2,493 2,616 0,253 1,223 0 0,4 0,322 

avr. det. 
lim. [wt.%] 

152 253 447,6 390 2761 1499,6 2018,2 1089,8 922,2 1022 796 788,6 604,5 729,4 1263 

 

 Weight% 

Point# P Zr S K Ca Th U Pb O Total Age (Ma) Age err 

1 13,256 0,461 0,103 0,006 0,015 5,91 1,465 0,443 30,599 98,983 899 52 

2 13,275 0,461 0,109 0,014 0,019 5,943 1,483 0,448 30,614 99,147 903 52 

3 13,171 0,447 0,11 0,014 0,019 5,99 1,502 0,455 30,474 98,708 907 52 

4 13,122 0,453 0,1 0,011 0,02 6,168 1,501 0,467 30,392 98,653 915 52 

5 13,21 0,446 0,111 0,006 0,011 5,922 1,486 0,45 30,598 99,436 906 52 

6 13,167 0,421 0,102 0,006 0,007 6,088 1,487 0,461 30,564 99,45 915 52 

avr. det. 
lim. [wt.%] 

102,6 316,2 181,6 129,4 141,6 120 134,8 124,6 

    avr. det. lim. - average detection limit. 



APPENDIX 2 

Summary of EMPA results for uraninites along with detection limits 

 

Oxide [wt.%] 
Total 

Age 
(Ma) UO2 PbO FeO ThO2 Y2O3 K2O Gd2O3 SiO2 Dy2O3 Sm2O3 CaO Nd2O3 Eu2O3 Lu2O3 Ce2O3 P2O5 

uraninite 

92.335 4.452 0.235 1.605 0.097 Bdl. Na. 0.086 Na. Na. Bdl. 0.154 Na. Na. 0.068 0.011 99.106 350 ± 15 

93.621 4.5 1.28 0.001 0.222 Bdl. Na. 0.08 Na. Na. Bdl. 0.05 Na. Na. Bdl. 0.002 99.82 351 ± 15 

94.123 4.504 0.755 Bdl. 0.417 Bdl. Na. 0.087 Na. Na. 0.017 Bdl. Na. Na. 0.032 Bdl. 99.995 349 ± 15 

91.75 4.399 1.634 Bdl. 0.973 Bdl. Na. 0.133 Na. Na. Bdl. 0.086 Na. Na. 0.101 0.019 99.249 350 ± 15 

83.885 3.422 1.757 0.229 0.327 0.293 0.29 0.628 0.185 0.174 Bdl. 0.013 0.033 0.025 Na. 0.006 91.318 299 ± 7 

88.696 4.468 1.595 0.074 0.286 0.281 0.279 0.463 0.19 0.124 Bdl. Bdl. 0.078 0.041 Na. 0.002 96.665 367 ± 8 

82.591 3.466 3.288 0.1 0.267 0.303 0.283 0.114 0.193 0.143 Bdl. 0.1 0.053 0.157 Na. Bdl. 91.235 307 ± 7 

85.189 3.483 2.912 0.737 0.469 0.273 0.216 0.257 0.133 0.13 Bdl. 0.098 0.063 Bdl. Na. 0.003 94.222 299 ± 7 

88.116 4.396 2.407 0.024 0.037 0.299 0.09 0.167 Bdl. 0.15 Bdl. 0.141 0.097 0.014 Na. 0.003 96.105 363 ± 8 

87.75 4.393 0.418 Bdl. 0.251 0.271 0.341 0.028 0.241 0.138 Bdl. Bdl. 0.043 0.042 Na. Bdl. 93.996 365 ± 8 

87.876 4.362 0.414 Bdl. 0.254 0.269 0.295 0.574 0.204 0.203 Bdl. Bdl. 0.094 0.131 Na. 0.01 94.738 362 ± 8 

avr. 
[wt.%] 

88.721 4.168 1.518 0.396 0.327 0.284 0.256 0.238 0.191 0.152 0.017 0.092 0.066 0.068 0.067 0.007 96.041 

 element U Pb Fe Th Y K Gd Si Dy Sm Ca Nd Eu Lu Ce P 
  

avr. det. 
lim 

[ppm] 
349 132 531 120 464 154 915 201 1184 867 201 1499 722 3154 1559 95 

  

 

Bdl. – below detection limit; Na. – not analyzed; avr. – average (arithmetic); avr. det. lim. – average detection limit. 




