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Ex otic clasts pres ent in flysch de pos its of the West ern Outer Carpathians en able in ves ti ga tion and re con struc tion of the
eroded crys tal line base ment of the Silesian Ridge. The flysch rocks of the Istebna For ma tion (Jasnowice Mem ber:
Paleocene) in the Silesian Nappe con tain mag matic and meta mor phic clasts de rived from the Silesian Ridge base ment. The
crys tal line rock frag ments ac quired from co he sive debrites were an a lyzed petro graphi cally and geochemically, and zir con
and rutile crys tals were sub ject to LA-ICP-MS U-Pb dat ing. Granitoid clasts yielded Meso-Variscan U-Pb zir con ages (325.7
and 330.6 Ma), with older (Neoproterozoic to Paleoproterozoic) in her ited cores and eNd330 = –12.0 (TDM age of 1.98 Ga).
The orthogneiss clast yielded a protolith age of 1635 Ma and fin ger print of ther mal re work ing at ~288 Ma. Zir con crys tals from 
the de tri tal clasts yielded sim i lar U-Pb zir con ages to the granitoid clasts (311.5 to 391 and 331 Ma). The rutile crys tals from
sand stone yielded con cordia age of 344.7 Ma. Zir con crys tals from paragneiss, in ter preted as a granitoid en ve lope, yielded
238U/206Pb ages be tween 557 and 686 Ma and in clude an in her ited core of age ~1207.4 ±33.8 Ma. Age data from ex otic clasts 
and the de tri tal zir con and rutile frac tion sug gest the core part of the Silesian Ridge was a Neoproterozoic to
Mesoproterozoic en ve lope in truded by Meso-Variscan granitoid plutons.
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INTRODUCTION

The Carpathians are one of the larg est moun tain ranges in
Eu rope, ex tend ing for over 1,300 km (Fig. 1A; Golonka et al.,
2021a). They formed as a re sult of the Cre ta ceous to Neo gene
col li sion of sev eral microplates with the Eu ro pean Plat form
(e.g., Golonka and Picha, 2006; Gawêda and Golonka, 2011).
The West ern Carpathians are tra di tion ally di vided into the in ter -
nal Cen tral Carpathians and the ex ter nal Outer Carpathians,
sep a rated by the nar row Pieniny Klippen Belt (e.g., Oszczypko,
2004, 2006). The Outer Carpathians nappes are mainly com -
posed of sed i men tary rocks of flysch char ac ter (Fig. 1B)
(Golonka et al., 2005, 2021a; Œl¹czka et al., 2006), that were
de pos ited on crys tal line base ment within the Tethys Ocean.
How ever the na ture and or i gin of this crys tal line base ment is

poorly un der stood as it was pres ent only in up lifted ridges, sub -
jected to strong ero sion. Char ac ter iz ing the na ture of the crys -
tal line base ment of the ridges is re stricted to in ves ti gat ing ex otic 
blocks that rep re sent eroded base ment por tions, re de pos ited
by den sity cur rents (e.g., Budzyñ et al., 2011; Gawêda et al.,
2019a; Burda et al., 2019). The blocks were de rived from el e -
vated base ment blocks (ridges) that are char ac ter is tic of the
out er most Tethys (Golonka et al., 2019). One of these ridges,
the Silesian Ridge, was a key struc ture in Me so zoic and Ce no -
zoic palaeo ge ogra phy. It was a long-lived base ment high, sep a -
rat ing the Magura Ba sin in the south from the Silesian Ba sin in
the north (Fig. 2; e.g., Unrug, 1968; Ksi¹¿kiewicz, 1975; Eliáš et
al., 2003; Golonka et al., 2006, 2019). The NW–SE trending
Silesian Ridge was part of the Eu ro pean Plat form within the
west ern part of the Outer Carpathian bas ins. The Silesian
Ridge was pres ent from Ju ras sic to Neo gene times. Its de vel -
op ment was mul ti stage but the west ern part of the ridge was
par tic u larly prom i nent dur ing the Late Cre ta ceous to Early
Paleocene (Unrug, 1968; Golonka et al., 2003) when it was
sub ject to en hanced ero sion.

The re sult ing clastic ma te rial was trans ported into ad ja cent
bas ins by grav ity flows (Unrug, 1963, 1968; Ksi¹¿kiewicz,
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Fig. 1. Lo ca tion of the study area on (A) a sim pli fied geo log i cal map of the Carpathian chain within Eu rope
and the west ern part of the Carpathians, (B) a de tailed geo log i cal map of the Silesian Nappe in the area of
Kamesznica (based on Burtan et al., 2016 and Ry³ko, 2019), and (C) lithostratigraphic sec tion of the
Istebna For ma tion and the an a lyzed pro file



1975). Base ment-de rived ma te rial is com mon in the Outer
Carpathian de pos its, and mainly oc curs in the form of de tri tus in 
sand stones and finer grained clastic rocks. Larger clasts, which 
are more use ful for char ac ter iz ing the base ment, are not so fre -
quent (e.g., Gaweda et al., 2019a), but are com po nents of
olistostromes and debrites of the Istebna For ma tion of the
Silesian Nappe. 

This pa per re con structs the lithological char ac ter and age of 
the crys tal line base ment of the Silesian Ridge, which was the
main source of the clastic ma te rial in the west ern part of the
Silesian Ba sin. It in cludes U-Pb zir con and rutile dat ing of clasts 
of crys tal line rocks (olistoliths) and U-Pb zir con de tri tal zir con
and rutile dat ing of the olistostrome ma trix as well as of as so ci -
ated sand stones. 

GEOLOGICAL BACKGROUND 

This study has fo cused on the Istebna For ma tion in the
Istebna-Milówka area (Silesia Beskidy Mts.) lo cated in west ern
part of the Silesian Nappe in the Outer Carpathians (Fig. 1A).
The Istebna For ma tion was de pos ited dur ing a phase of pro -
nounced ero sion of the Silesian Ridge (Unrug, 1963, 1968;
Ksi¹¿kiewicz, 1977). It con sists of two thick-bed ded sandy and
sandy-con glom er atic units: the Czarna Wise³ka Mem ber (Cam -
pa nian-Maastrichtian) and the Jasnowice Mem ber (Paleo cene) 
which are sep a rated by and over lain by shale-dom i nated suc -
ces sions: the Janoska Mem ber (Maastrichtian–low er most
Paleo cene) and the Kamesznica Mem ber (Paleocene) of to tal
thick ness of 1800 m (Golonka et al., 2013; Starzec et al., 2017;
age af ter e.g., Geroch, 1960; Fig. 1C). The thick-bed ded sandy
and sandy-con glom er atic units were formed by grav ity flows,
and in clude dif fer ent types of debrite. They usu ally con tain peb -
bles, cob bles and boul ders of ig ne ous and meta mor phic rocks
eroded from up per parts of the ridge. These de pos its are com -
mon in the Jasnowice Mem ber (Strzeboñski, 2015) and the co -
he sive debrites likely rep re sent en hanced pulses of sed i men ta -
tion from a point source (Cieszkowski et al., 2012 and ref er -
ences therein).

SAMPLING

The sam ple lo cal ity is sit u ated in the mar ginal, south ern -
most zone of the Silesian Nappe, close to the Fore-Magura and
Magura thrusts (Fig. 1A, B). Sam ples were taken from the
Jasnowice Mem ber (Fig. 1C) that reaches a max i mum thick -
ness of ~150 m in this area (Unrug, 1963, 1968). The sam pled
suc ces sion com prised thick- and very thick-bed ded sandy con -
glom er ate, grav elly sand stone and con glom er ate (Strzeboñski,
2015) with a wide spec trum of rock types (Fig. 1C). The sam -
pled sec tion is lo cated in the north ern part of Kamesznica Vil -
lage; stud ied ma te rial was taken from the nat u ral ex po sures in
the Janoska stream bed (GPS: N 49°34’37.8” E 19°00’33.6”)
(Fig. 1B). The lo cal ity con sists of a 6.5 m thick suc ces sion with
six sandy con glom er ate co he sive debrite lay ers un der lain by
me dium-bed ded me dium- and fine-grained sand stone (Fig.
1C). The sam pled sec tion passes up wards into a se quence of
me dium-bed ded turbiditic sand stones (Fig. 1C). 

Ex otic debrite-type de pos its (sensu Strzeboñski, 2005) oc -
cur in the lower parts of the sandy-con glom er ate debrite lay ers
(Fig. 1C). The size of the ex otic clasts is clearly big ger than
those of the host con glom er ates (Fig. 3A). They are 10–100 cm
across and con sist of sand stones, lime stones, gneiss es,
schists and quartzites, as well as granitoids. Six sam ples were
taken from this sec tion: four ex otic boul ders from the sandy-
 con glom er ate debrites and two sam ples from clastic de pos its
(Fig. 1C). Ex otic boul ders came from the lower parts of two suc -
ces sive thick beds. Clasts KSZ-5, KSZ-7, KSZ-8 with a di am e -
ter of ~20–25 cm and clast A-1 of di am e ter 50 cm were col -
lected for the study. Sam ples KSZ-3 and A-1 came from the
sandy- con glom er atic de pos its. Sam ple KSZ-3 was taken from
me dium- to fine-grained poorly sorted sand stones of the low er -
most part of the layer. Sam ple A-2 (Fig. 1C) was taken from
fine- grained sand stone oc cur ring above the de bris con glom er -
ate (Fig. 1C). 

ANALYTICAL TECHNIQUES

MICROSCOPY 

Thin sec tion pe trog ra phy was car ried out at the Fac ulty of
Nat u ral Sci ences of the Uni ver sity of Silesia in Katowice, Po -
land, us ing an Olym pus BX-51 mi cro scope to con strain tex tural
and microstructural re la tion ships and to de ter mine the pres -
ence of zir con. Petrographic ob ser va tions were used to se lect
rep re sen ta tive sam ples for sub se quent elec tron probe micro -
analysis and whole-rock geo chem i cal anal y ses.

WHOLE-ROCK CHEMICAL AND ISOTOPE ANALYSES

Whole-rock anal y ses were un der taken by X-ray flu o res -
cence (XRF) for ma jor- and large-ion lithophile trace el e ments
(LILE), and by fu sion and ICP-MS for high-field strength el e -
ments (HFSE) and rare earth el e ments (REE) at Bu reau Veri -
tas Min er als (Can ada). The prep a ra tion in volved lith ium bo rate
fu sion and di lute di ges tions for XRF and lith ium bo rate de com -
po si tion or aqua regia di ges tion for ICP-MS. LOI (lost of ig ni tion) 
was de ter mined at 1000°C. Un cer tain ties for most of the ma jor
el e ments are 0.01%, ex cept for SiO2, which is 0.1%. REEs
were nor mal ized to C1 chondrite (McDonough and Sun, 1995). 

The Sm-Nd an a lyt i cal work was per formed in the Lab o ra -
tory of Geo chron ol ogy, De part ment of Lithospheric Re search,
Uni ver sity of Vi enna. Re sults are based on ID-TIMS pro ce -
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dures. Sam ple di ges tion for Nd-Sr anal y sis was per formed in
Savillex® beak ers us ing an ultrapure 4:1 mix ture of HF and
HNO3 for 10 days at 110°C on a hot plate. For whole-rock pow -
ders, a min i mum dis so lu tion time of three weeks was ap plied to
en sure max i mum leach ing of REEs from re frac tory ma te rial
such as zir con. Af ter evap o rat ing the ac ids, re peated treat ment
of the res i due us ing HNO3 and 6.0 N HCl re sulted in clear so lu -
tions for all sam ples. The REE frac tion was ex tracted us ing
AG® 50W-X8 (200-400 mesh, Bio-Rad) resin and 4.0 N HCl.
Nd was sep a rated from the REE frac tion us ing tef lon-coated
HdEHP and 0.22 N HCl as the elu tion me dium. The max i mum
to tal pro ce dural blanks, 50 pg for Nd, were taken as neg li gi ble.
Nd was run as metal on a Re dou ble fil a ment, us ing a
ThermoFinnigan® Tri ton MC TIMS. A 143Nd/144Nd ra tio of

0.511841 ±0.000005 (n = 5) was de ter mined for the in ter na -
tional La Jolla (Nd) stan dard, dur ing the in ves ti ga tion pe riod.
The within-run mass frac tion ation for Nd iso tope com po si tions
(IC) was cor rected to 146Nd/144Nd = 0.7219. The un cer tainty in
the Nd iso tope ra tio is typ i cally quoted as 2s.

MINERAL SEPARATION AND IMAGING

Zir con and rutile crys tals were sep a rated us ing stan dard
den sity sep a ra tion tech niques (crush ing, siev ing, wash ing in
heavy liq uids, and pan ning). This sep a ra tion was car ried out at
the In sti tute of Geo log i cal Sci ences of the Pol ish Acad emy of
Sci ences, Kraków, Po land. Zir con and rutile crys tals were
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Fig. 3. Pho to graphs of the ex otic blocks from the Janoska Stream

A – A-1 orthogneiss ex otic block, in situ (ex po sure in the Janoska Stream); B – microtexture of the ma trix of the con glom er ate
KSZ-3, con tain ing A-1 gneiss; C – microtexture of the granitoid KSZ-8; D – pho to mi cro graph show ing the porphyroblastic
paragneiss KSZ-7; E – microtexture of the granitoid KSZ-5; Qtz – quartz, Kfs – K-feld spar, Fs – feld spar, Pl – plagioclase, Bt – bi o -
tite, Ms – mus co vite, Py – py rite, Rt – rutile, Cc – cal cite



hand picked un der a bin oc u lar mi cro scope, cast in 25 mm di am -
e ter ep oxy resin mounts, and then ground and pol ished to ex -
pose the grain in te ri ors. Min eral tex tures were then im aged us -
ing back-scat tered elec tron (BSE) and cathodoluminescence
(CL) de tec tors on a FET Philips 30 scan ning elec tron mi cro -
scope with a 15 kV ac cel er at ing volt age and a beam cur rent of
1 nA at the Fac ulty of Nat u ral Sci ences, Uni ver sity of Silesia in
Katowice, Po land. 

4LA-ICP-MS U-Pb ZIRCON DATING

LA-ICP-MS U-Pb age data were ac quired us ing a Pho ton
Ma chines Analyte Ex cite 193 nm ArF excimer la ser-ab la tion
sys tem with a HelEx 2-vol ume ab la tion cell cou pled to an
Agilent 7900 ICPMS at the De part ment of Ge ol ogy, Trin ity Col -
lege Dub lin. The in stru ment was tuned us ing NIST612 stan dard 
glass to yield Th/U ra tios of unity and low ox ide pro duc tion rates 
(ThO+/Th+ typ i cally <0.15%). A rep e ti tion rate of 12 Hz and a
cir cu lar spot of 24 mm were used. A quan tity of 0.4 l min–1 He
car rier gas was fed into the la ser cell, and the aero sol was sub -
se quently mixed with 0.6 l min–1 Ar make-up gas and 11 ml
min–1 N2. Eight iso topes (90Zr, 202Hg, 204Pb, 206Pb, 207Pb, 208Pb,
232Th and 238U) were ac quired dur ing each anal y sis, which com -
prised 25 s of ab la tion and 12 sec ond wash out, the lat ter por -
tions of which were used for the base line mea sure ment. Data
re duc tion of raw U-Pb iso tope data was per formed us ing the
“VizualAge” data re duc tion scheme (Petrus and Kamber, 2012) 
in the freeware IOLITE pack age (Paton et al., 2011). Sam -
ple-stan dard brack et ing was ap plied af ter cor rec tion of
downhole frac tion ation to ac count for long-term drift in iso to pic
or el e men tal ra tios by nor mal iz ing all ra tios to those of the U-Pb
ref er ence stan dards. Fi nal age cal cu la tions were made us ing
the Ex cel Isoplot add-in (Lud wig, 2012). In Ap pen dixes 1–3, the 
data are quoted with 2s an a lyt i cal un cer tain ties and weighted
mean cal cu la tions and discordia in ter cept ages are quoted at
the 2s level and in clude the de cay con stant un cer tainty. Data
with ab so lute dis cor dance >5% were ex cluded from age cal cu -
la tions. 91500 zir con (206Pb/238U TIMS age of 1065.4 ±0.6 Ma;
Wiedenbeck et al., 1995, 2004) was used as the pri mary U-Pb
cal i bra tion stan dard. The sec ond ary stan dards AusZ2 zir con
(206Pb/238U TIMS age of 38.8963 ±0.0044; Ken nedy et al.,
2014), Plešovice zir con (206Pb/238U TIMS age of 337.13 ±0.37
Ma; Sláma et al., 2008) and WRS 1348 zir con (206Pb/238U TIMS 
age of 526.26 ±0.70; Pointon et al., 2012) yielded LA-ICP-MS
U-Pb Con cordia ages of 39.07 ±0.44 Ma, 340.5 ±1.5 Ma and
525.4 ±2.3 Ma re spec tively. 

LA-ICP-MS U-Pb RUTILE DATING

For the anal y ses of the rutile crys tal ages, the same de vice
was used as for zir con crys tal anal y ses. All data re duc tion was
per formed offline us ing the IOLITE data re duc tion pack age us -
ing the Vizual Age_UcomPbine data re duc tion scheme (Chew
et al., 2014). R10 was em ployed as the pri mary stan dard, and
R19 (ID-TIMS date of 489.5 ±0.9 Ma; Zack et al., 2011) and
R13 (U-Pb SHRIMP age of 504 ±4 Ma, Schmitt and Zack,
2012) were em ployed as sec ond ary stan dards and treated as
un knowns dur ing data re duc tion, and yielded weighted av er age 
207Pb- cor rected ages of 488.7 ±7.9 Ma and 500.2 ±3.7 Ma re -
spec tively. Ages were cal cu lated us ing the Isoplot plug-in for
Ex cel (Lud wig, 2012). Com mon (non-ra dio genic) Pb in the pri -
mary and sec ond ary stan dards was cor rected with a 207Pb-
 based cor rec tion method us ing a known ini tial 207Pb/206Pb ra tio;
com mon Pb in the un knowns was cor rected us ing an ini tial es ti -

mate of the 207Pb/206Pb ra tio gen er ated us ing the ter res trial Pb
evo lu tion model of Stacey and Kramers (1975) em ploy ing an it -
er a tive ap proach (Bracciali et al., 2013; Chew et al., 2014). Due
to the use of the 207Pb-based cor rec tion, rutile U-Pb anal y ses
could not be con ven tion ally as sessed for dis cor dance, but
some times the high com mon Pb to ra dio genic Pb ra tios re -
sulted in un de sir ably large age un cer tain ties. Grains with large
age un cer tain ties were there fore fil tered (Mark et al., 2016;
O’Sullivan et al., 2016) us ing the ap proach of Chew et al.
(2020).

RESULTS

PETROGRAPHY AND GEOCHEMISTRY

An ex otic block of orthogneiss (A-1) (Fig. 3A, C) is com -
posed of quartz, bi o tite, plagioclase and K-feld spar and the ac -
ces sory com po nents are fluorapatite, zir con and Ce-monazite.
The sam ple has 81 wt.% SiO2 and 10 wt.% Al2O3, is
peraluminous (ASI = 1.13), with Na2O > K2O and Rb/Sr = 0.39
(Ta ble 1). The geo chem is try of the A-1 orthogneiss sam ple is
likely mod i fied due to sec ond ary quartz remobilization and crys -
tal li za tion along the fo li a tion planes. The trace el e ment char ac -
ter is tics im ply a trachyandesite mag matic protolith (Fig. 4D) af -
ter Winchester and Floyd (1977). The sum of REE is 235 ppm,
while the chondrite-nor mal ized REE pat terns re vealed a pro -
nounced neg a tive Eu anom aly of 0.58 and weak REE frac tion -
ation (CeN/YbN = 6.26; Ta ble 1).

Sam ple KSZ-3 rep re sents the ma trix of the con glom er ate
that con tains the A-1 orthogneiss clast. The ma trix is me dium
grained, while spo rad i cally larger (3 to 15 mm in size) clasts are
pres ent, ce mented by cal cite. Clasts of all sizes are poorly
rounded and com prise quartz, feld spar, bi o tite, mus co vite,
glauco nite and ac ces sory min er als such as py rite, zir con and
rutile (Fig. 3B). The min er al ogy of the ma trix is sim i lar to that of
the larger clasts. The sam ple in cludes SiO2 (64 wt.%), CaO
(12 wt.%) and Al2O3 (7 wt.%) (Ta ble 1). 

The sam ple (A-2) was taken from a fine-grained sand stone
over ly ing a sandy-con glom er ate co he sive debrite layer (Fig.
1C). The ma jor ity of clasts are com posed of quartz and feld spar 
with a small amount of bi o tite and mus co vite, and are ce mented 
by cal cite. The oc ca sion ally con tains larger grains (3 to 10 mm)
that are poorly rounded. Zir con was the only ac ces sory min eral
ob served. The min er al ogy of the ma trix is sim i lar to that of the
larger clasts. The sam ple in cludes SiO2 (67 wt.%.), CaO (11
wt.%) and Al2O3 (7 wt.%) (Ta ble 1). 

Sam ple KSZ-8 is a mas sive, grey coarse-grained granitoid.
It is com posed of quartz, chloritized plagioclase, zoned and
perthitized K-feld spar, bi o tite lo cally re placed by chlorite and
zones of de formed mus co vite (Fig. 3C). Ac ces sory min er als are 
mainly zir con (up to 200 µm in size). It is rich in in SiO2 (Fig. 4A),
peraluminous (ASI = 1.23), with Na2O > K2O and  the Rb/Sr ra -
tio is low (0.19; Ta ble 1). Chondrite-nor mal ized (Sun and
McDonough, 1989) and C1-nor mal ized REE pat terns show
mod er ate LREE en rich ment (CeN/YbN = 19.84) and a slightly
pos i tive Eu anom aly (Eu/Eu* =1.01; Ta ble 1 and Fig. 5A). The
whole-rock iso tope data of KSZ-8 sam ple re veals a 147Sm/144Nd 
ra tio of 0.089171 ±2 and 143Nd/144Nd ra tio of 0.511791 ±2. The
re sult ing SNd330 is – 12.0 (Ta ble 2). 

Sam ple KSZ-7 is a dark grey, porphyroblastic paragneiss
(Fig. 3D). The main min eral com po nents are quartz, plagio -
clase, bi o tite (com monly in bands and strongly de formed) and
mus co vite, with the micas de fin ing the fo li a tion in the sam ple.
The sam ple is also veined by cal cite con cor dant with the fo li a -
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T a  b l e  1

Chem i cal com po si tion and se lected pet ro log i cal in di ces of the whole-rock sam ples 
of rocks from the Janoska Stream

Sam ple no. A-1 KSZ-3 A-2 KSZ-5 KSZ-7 KSZ-8

SiO2 80.50  63.62 66.60  70.01 71.24  74.72  

TiO2 0.26 0.01 0.14 0.16 0.40 0.10

Al2O3 10.00  7.04 6.54 15.77 14.66  15.01  

Fe2O3 2.35 1.90 1.09 0.58 2.85 1.00

MnO 0.03 0.12 0.08 0.01 0.02 0.01

MgO 0.28 1.01 0.44 0.13 1.43 0.30

CaO 1.16 11.70 11.40  1.49 1.21 0.48

Na2O 2.53 1.37 1.27 3.61 4.56 5.56

K2O 2.49 2.41 2.56 7.28 1.99 2.20

P2O5 0.05 0.05 0.03 0.21 0.11 0.07

LOI 0.52 10.64 9.60 1.19 1.88 0.84

Total 100.17   99.87 99.75  100.44   100.35   100.29    

ppm

Sr 108.7     202.3     197.1     143      145.2     302.4     

Ba 1145         539      584       945       337      611      

Rb   42.2    73.6   74.3    198.3      58.9   56.8     

Th 10.9   7   4.4  5.1  17.9   3.9  

U 3.1 3   1.1  2.6 2.5  0.6  

Ni 3.5 9.2  5.6  5.2  2.9  4.7  

Pb 11.3  5.5  6.8  7    2.4  3.1  

Co 12.4   3.3  4.3  11.9    3.8  20.6   

Ga 12.5   6.1  5.5  12.8    18.4   13.1   

V   <8      18    10     <8     23    <8      

Zr 279     116.4     82.2    72.6   186.5    70.1   

Hf 8  3.1 2.3  2.3 5   2    

Y 34.7   11.1   9.7  19.3   11    4.1  

Nb 16.1   3.9 2.5  6.5  12.6   4.6   

Ta 1  0.3 0.3  1.1 1.1 0.2  

La 46.9  16.4   12.5   14.9   69.6   19.9   

Ce 96.1   32.1   22.6    26.1   124.6     28.7   

Pr 10.95 3.52 2.57 3.08 14.16  3    

Nd 43    13.2   10.1   11     49.4   10.1   

Sm 8.45 2.42 1.8   2.39 6.99 1.49

Eu 1.58 0.53 0.52 1.06 1    0.43

Gd 8.05 2.16 1.76 2.65 4.37 1.13

Tb 1.26 0.34 0.24 0.51 0.48 0.15

Dy 7.79 2.08 1.56 3.25 2.32 0.86

Ho 1.4 0.41 0.33 0.67 0.38 0.14

Er  4.49 1.27 0.91 2.12 0.96 0.42

Tm  0.58 0.18 0.12 0.33 0.13 0.05

Yb  4.03 1.10 0.82 2.39 0.88 0.38

Lu  0.59 0.19 0.13 0.34 0.14 0.05

ASI     1.130   0.271   0.256    0.984   1.265   1.227

#mg     0.321   0.678   0.616    0.471    0.666    0.544

Rb/Sr    0.388   0.364   0.377    1.387    0.406    0.188

SREE 235.17     75.90   55.96     70.79    275.41   66.80  

Eu/Eu*    0.584    0.707   0.891   1.284   0.552    1.010

CeN/YbN    6.263    7.664   7.239    2.868  37.188 19.836

Th/U     3.516    2.333   4.000    1.962    7.160    6.500

TZr [°C] 856     N.A. N.A. 723       N.A. 744       

 #mg = MgO/(MgO + FeO) in mo lec u lar units; Eu/Eu* = Eu/g(Sm · Gd)



tion. Ac ces sory min er als are zir con, rutile, ap a tite and mona -
zite. Sam ple is rich in SiO2 (71 wt.%) and Al2O3 (15 wt.%),
peraluminous (ASI = 1.27), Na2O > K2O with a Rb/Sr ra tio =
0.41 (Ta ble 1). To tal REE con tent is high (275 ppm), and shows 
strong LREE en rich ment, with a pro nounced neg a tive Eu ano -
m aly (Fig. 5A and Ta ble 1).

Sam ple KSZ-5 is a dark grey, me dium-grained granitoid,
com posed of K-feld spar, quartz, sericitized plagioclase, seri -
citized mus co vite and bi o tite (Fig. 3E), with mi nor sec ond ary
car bon ate. The ac ces sory min er als are zir con and rutile. The
sam ple has 70% wt. SiO2, Al2O3 (16 wt.%) and K2O (7 wt.%),
is peraluminous (ASI = 0.98), with K2O > Na2O and Rb/Sr =
1.39 (Ta ble 1). On the sum of al ka lis ver sus SiO2 plot af ter
Middle most (1985), it can be clas si fied as quartz-monzonite
(Fig. 4A). The sum of REE is 70.79 ppm, while the C1-nor mal -
ized REE pat terns re vealed a pro nounced pos i tive Eu anom -
aly of 1.28 and weak REE frac tion ation (CeN/YbN = 2.87; Ta ble 
1 and Fig. 5A).

ZIRCON AND RUTILE U-Pb 
GEOCHRONOLOGY

Zir con crys tals from two sand stones (KSZ-3, A-2), two gra -
nitic ex otic clasts (KSZ-5 and KSZ-8), one orthogneiss (A-1)
and one paragneiss ex otic clast (KSZ-7) from the Istebna Beds
(Silesian Nappe) were an a lyzed. The zir con grains were clear,
colour less in sam ple KSZ-3 and pink ish to yel low in sam ple A-2, 
up to 200 µm in length, with as pect ra tios of 1:1 to 1:3.

In the two sand stone sam ples (KSZ-3, A-2) the de tri tal zir -
con crys tals typ i cally show os cil la tory mag matic zon ing with
vari able (strong to weak) cathodoluminescence in ten si ties (Fig. 
6A, B), de pend ing on the U con tent ( Ap pen dix 1). Most of the
zir con crys tals con tain partly rounded, in her ited cores over -
grown by rims show ing a vari able cathodoluminescence re -
sponse. 

In the sand stone sam ple A-2, 64 anal y ses on 49 grains
were made. The ma jor ity of the zir con pop u la tion (49 anal y ses)
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Fig. 4. The ig ne ous ex otic blocks from the Janoska Stream plot ted on:  A – al kali (Na2O + K2O) ver sus SiO2 TAS clas si fi ca tion
di a gram af ter Middlemost (1986); B – K2O ver sus SiO2 clas si fi ca tion di a gram af ter Peccerillo and Tay lor (1976); C – dis crim i na -

tion di a gram af ter Pearce and Har ris (1984), VAG – vol ca nic arc gran ites, syn-COLG – syn-col li sion gran ites, ORG – ocean
ridge gran ites, WPG – within plate gran ites; D – dis crim i na tion di a gram af ter Winchester and Floyd (1977)



yielded Variscan ages with a broad spec trum rang ing from
311.5 ±3.3 to 391.0 ±9.5 Ma (Fig. 7A). Two con cor dant cores
yielded Neoproterozoic 206Pb/238U ages of ~576 and ~596 Ma,
three cores yielded Early Pa leo zoic 206Pb/238U ages of ~452,
475 and 508 Ma (Fig. 7A and Ap pen dix 1), while the rest of the
anal y ses (10 points) are dis cor dant (Fig. 7A and Ap pen dix 1).

In the ma trix sam ple KSZ-3, 73 anal y ses on 50 grains were
un der taken. The ma jor ity of the zir con pop u la tion (56 anal y ses)
de fine a con cordia age of 331.7 ±1.1 Ma (Fig. 7C), while the
three youn gest zir con rims yielded a con cordia age of 304.2 ±3
Ma (Fig. 7C). Three in her ited cores yielded 206Pb/238U ages of
~1754, 2137 Ma and 3050 Ma (Fig. 7C and Ap pen dix 1). Six
grains yielded Early Pa leo zoic (Cal edo nian?) 206Pb/238U ages
of be tween 444 and 500 Ma. Two rims yielded Cadomian
206Pb/238U ages of ~615 and 616 Ma (Fig. 7C and Ap pen dix 1)
while the rest of the anal y ses (6 points) are dis cor dant (Fig. 7C
and Ap pen dix 1).

In sam ple A-2, brick-red to dark-brown elon gated (1:4), in -
ter nally ho mo ge neous rutile crys tals were found. 27 anal y ses
were un der taken on 27 grains. Four grains were dis cor dant and 
ex cluded from cal cu la tion, one grain yielded a 206Pb/238U age of
414 Ma, while the rest (22) of the anal y ses yielded a con cordia
age of 344.7 ±2.5 Ma (Fig. 8 and Ap pen dix 3).

In the gra nitic sam ples (KSZ-5 and KSZ-8) os cil la tory zon -
ing with vari able mod er ate to weak cathodoluminescence (CL)
in ten si ties were typ i cally ob served (Fig. 9A, C). In her ited cores,
partly rounded, show ing both bright and mod er ate CL re -
sponses, cor re spond ing to U en rich ment (Ap pen dix 2) and lo -
cally with os cil la tory zon ing, were also found.

In the gran ite sam ple KSZ-5, 87 anal y ses on 42 grains were 
made. Six rims and cores yielded a con cordia age of 325.7 ±2.9
Ma (Fig. 10A; MSWD = 0.7), six zir con grains yielded
Eo-Variscan/Cal edo nian con cor dant 206Pb/238U ages be tween
365 and 419 Ma (Fig. 10A and Ap pen dix 2), 52 anal y ses of zir -
con grains yielded Meso-/Paleoproterozoic 206Pb/238U ages be -
tween 1166 and 2829 Ma, while the re main der of the anal y ses
(23 points) do not co in cide with con cordia (Fig. 10A and Ap pen -
dix 2).

In the gran ite sam ple KSZ-8, 55 anal y ses on 27 grains were 
made. Six con cor dant rims yielded a Variscan con cordia age of
330.6 ±2.9 Ma (Fig. 10E; MSWD = 0.36). 36 anal y ses lo cated in 
grains yielded con cor dant Neoproterozoic 206Pb/238U ages be -
tween 546 and 780 Ma, five in her ited cores yielded 206Pb/238U
ages be tween 1218 and 1671 Ma, while the re main der of the
anal y ses (8 points) are dis cor dant (Fig. 10E and Ap pen dix 2).

Zir con crys tals from the paragneiss (KSZ-7) show a great
va ri ety of sizes and CL re sponses (Fig. 9B). While some show
the pres ence of in her ited cores rimmed by os cil la tory zones,
most of the zir cons are os cil la tory zoned crys tals. 41 anal y ses
on 26 grains were made. Most of the grains and rims (37 points) 
yielded con cor dant Neoproterozoic 206Pb/238U ages be tween
557 and 686 Ma, one in her ited core yielded a 206Pb/238U age of
1207 ±33 Ma, with 3 dis cor dant anal y ses in ter preted as Pb loss
from the ~1200 Ma age com po nent (Fig. 10C and Ap pen dix 2).

Zir con crys tals from the orthogneiss sam ple (A-1) yielded
in her ited cores with both dull and bright lu mi nes cence, over -
grown by os cil la tory zoned rims (Fig. 9D). 53 anal y ses on 42
grains were made. Two con cor dant rims, with Th/U of 0.79 and
0.05 yielded Variscan 206Pb/238U ages of ~337 and ~359 Ma re -
spec tively. Two rims with very low Th/U ra tios yielded
Cadomian 206Pb/238U ages of ~527 and 547 Ma (Fig. 10G and
Ap pen dix 2), one in her ited core yielded a 206Pb/238U age of
1896 ±51 Ma, while the re main der of the anal y ses (48 points) lie 
on a discordia line with an up per in ter cept of 1635 ±12 Ma and a 
poorly con strained lower in ter cept age of 288 ±100 Ma (MSWD
= 4.0; Fig. 10G and Ap pen dix 2).

 DISCUSSION

 PETROGENETIC INTERPRETATION OF THE CRYSTALLINE
ROCK CLASTS

 The granitoids from Kamesznica (KSZ-5 and KSZ-8) yield
sim i lar con cordia ages (325.7 and 330.6 Ma; Fig. 10A, E), with
sim i lar slightly pos i tive Eu anom a lies (Fig. 5A). How ever, the gra -
nitic rock KSZ-5 lies on the bor der be tween high-K calc-al ka line
and shoshonite se ries, while granitoid KSZ-8 be longs to tholeitic

22 Monika Szczuka  / Geological Quarterly, 2022, 66: 20

Fig. 5A – chondrite (C1)-nor mal ized REE pat terns of the 
sam ples; B – prim i tive man tle nor mal ized multi-el e ment 

pat terns of the an a lyzed sam ples from the Janoska Stream

Nor mal iza tion val ues af ter McDonough and Sun (1995)

T a  b l e  2

Sm-Nd whole-rock iso to pic data from the granitoid KSZ-8 from Kamesznica

Iso tope
data

147Sm/144Nd ±2sm 143Nd/144Nd ±2sm Ndini 
330

eNd330 TDM

KSZ-8 0.089171 0.000002 0.511791 0.000002 0.511599 –12.0 1.98



se ries (Fig. 4B). Their peraluminous char ac ter and rel a tively low
mag matic crys tal li za tion tem per a tures (Ta ble 1) sug gest the par -
tial melt ing of the sed i men tary protolith and is sup ported by the
neg a tive eNd330 = –12 (Ta ble 2). In both granitoids the Pro tero -
zoic is the dom i nant age com po nent (Neoproterozoic for KSZ-8
and Meso- and Paleoproterozoic for KSZ-5). Both granitoids can
be clas si fied as vol ca nic arc-re lated mag mas (Fig. 4C). The
prim i tive-man tle-nor mal ized multi- el e ment plots for both sam -
ples (Fig. 5B) points also to an arc-set ting, with char ac ter is tic
neg a tive Nb and Ta anom a lies and neg a tive P and Ti anom a lies
which can im ply a sig nif i cant crustal com po nent in the par ent

melt. How ever, all these fea tures can be also a re sult of in her i -
tance from pri mary meta sedimentary source rocks within a vol -
ca nic arc re gime (see Gawêda et al., 2005 for com par i son). The
lat ter sug ges tion looks prob a ble in the light of the abun dance of
in her ited zir con cores of Neo-, Meso- and Paleoproterozoic age
(Fig. 10A and Ap pen dix 2) and a TDM age of and 1.98 Ga for the
KSZ-8 granitoid (Ta ble 2). The gneissic clast (KSZ-7) may rep re -
sent the meta mor phic en ve lope rock to the gran ites, and was
likely meta mor phosed in the late Neoproterozoic (550–640 Ma;
Fig. 10C).  
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Fig. 6. Cathodoluminescence (CL) im ages of se lected zir con crys tals from:
A – sand stone (A-2) and B – ma trix of con glom er ate (KSZ-3) from the
Janoska Stream; se lected an a lyt i cal spots and anal y sis num bers (see  Ap -
pen dix 1) are marked as cir cles; red cir cles mean dis cor dant points
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Fig. 7. Con cordia plots of LA-ICP-MS U-Pb zir con data: A – sand stone (A-2) with in sert of in ter cept age
(or der af ter pro file); C – ma trix of con glom er ate (KSZ-3) with in sert of Variscan grains; 

and den sity plots of: B – sand stone (A-2) and D – ma trix of con glom er ate (KSZ-3)

Fig. 8. Con cordia plots of LA-ICP-MS rutile an a lyt i cal re sults from (A) A-2 sand stone with (B) in sert 
of youn gest con cor dant data
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Fig. 9. Cathodoluminescence (CL) im ages of se lected zir con crys tals from: A – granitoid clast (KSZ-5); B – paragneiss clast
(KSZ-7); C – granitoid clast (KSZ-8) and D – orthogneiss clast (A-1) from the Janoska Stream

Se lected an a lyt i cal spots and anal y sis num bers (see Ap pen dix 2) are marked as cir cles; red cir cles mean dis cor dant points
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Fig. 10. Con cordia plots of LA-ICP-MS zir con an a lyt i cal re sults: A – granitoid (KSZ-5) with in sert of Variscan grains; C –
paragneiss (KSZ-7) with in sert of Neoproterozoic grains; E – granitoid (KSZ-8) with in sert of Variscan rims; G –
orthogneiss (A-1) with in sert of Variscan and Cadomian rims and den sity plots of ana lysed sam ples: B – granitoid
(KSZ-5); D – paragneiss (KSZ-7); F – granitoid (KSZ-8); H – orthogneiss (A-1)



The ma jor el e ment geo chem is try of the A-1 orthogneiss
sam ple is likely mod i fied due to sec ond ary quartz remo bili -
zation and crys tal li za tion. The trace el e ment char ac ter is tics im -
ply a trachyandesite mag matic protolith (Fig. 4D) af ter Winche -
ster and Floyd (1977). The prim i tive-man tle nor mal ized multi-
 el e ment plot (Fig. 5B) shows both neg a tive Ta and Nb anom a -
lies as well as neg a tive P and Ti anom a lies, im ply ing a vol ca nic
arc en vi ron ment, which agrees with its af fin ity on a geotectonic
dis crim i na tion di a gram (Fig. 4C) af ter Pearce et al. (1984). The
up per in ter cept U-Pb age of ~1635 Ma (Fig. 10G) is in ter preted
as the crys tal li za tion age of the trachyandesitic magma. Two
rims dated at ~527 and 547 Ma (Fig. 10G) are in ter preted as re -
flect ing a post-Cadomian ep i sode of recrystallization, with very
low Th/U ra tios (<0.01; Ap pen dix 2), im ply ing a meta mor -
phic/hy dro ther mal over print. Two rims dated at ~337 and 359
Ma (Fig. 10G), with Th/U ra tios of 0.79 and 0.05 re spec tively
im ply zir con growth un der both mag matic and meta mor phic/hy -
dro ther mal con di tions. The poorly con strained lower in ter cept
age of 288 ±100 Ma on grains char ac ter ized by Th/U ra tios
vary ing from 0.92 to 0.01 ( Ap pen dix 2), pro vides sup port ing ev -
i dence for a Variscan high-tem per a ture over print as so ci ated
with late Variscan mag matic ac tiv ity in Cen tral Eu rope (cf.
Mazur et al., 2020; Golonka et al., 2021b).

INTERPRETATION OF DETRITAL ZIRCON SPECTRA FROM 
THE SEDIMENTARY ROCKS

The de tri tal zir con age spec tra of the KSZ-3 (con glom er ate
ma trix) and A-2 (sand stone) sam ples, as well as of rutile from
the A-2 sam ple are sim i lar with Variscan peaks (Fig. 7B, D) and
de tri tal pre-Variscan (406–508 Ma) in her ited cores/crys tals.
The Variscan zir cons in sam ple KSZ-3 (331.7 ±1.1; Fig. 7C and 
Ap pen dix 1) show a wide range of U and Th con cen tra tions, CL
in ten si ties (Fig. 6A) and Archean, Paleo- and Meso-Pro tero zoic 
cores are pres ent but rare (sim i lar to the age spec trum in the
A-1 orthogneiss sam ple). There is a lack of zir con cores older
then Neoproterozoic in the A-2 sand stone sam ple, and some of 
the grains are also non-mag matic, as con cluded from low Th/U
ra tios (<0.01; see Rubatto, 2002). The rutile age spec trum in
the A-2 sand stone sam ple is sim i lar to that of zir con. 

PALAEOGEOGRAPHIC INTERPRETATION 

The Silesian Ridge was a NW-SE trending base ment high,
roughly par al lel to the mar gin of the East Eu ro pean Plat form,
and it sep a rated the Magura and Silesian bas ins (Fig. 2). It was
the lo cus of tur bid ity cur rents and de bris flows in the Late Cre ta -
ceous-Paleogene time in ter val (Poprawa et al., 2004;
Cieszkowski et al., 2012; Golonka et al., 2019). The larger crys -
tal line clasts were likely de rived di rectly from the eroded
Silesian Ridge (from the SW). The ma te rial form ing the ma trix
of the sand stones and in ter leaved con glom er ates was de rived
partly from the same source and partly from re cy cled ma te rial
trans ported by cur rents lat eral to the Silesian Ridge and Eu ro -
pean Plat form (from the NW) (Golonka et al., 2019). 

In the sandy-con glom er ate co he sive debrite, the ma trix
(KSZ-3) rep re sents the ero sion stage of the meta mor phic rocks 
en vel op ing the granitoid pluton(s). The over ly ing sand stone A-2 
con tains both a zir con frac tion from the same source and a
Variscan zir con frac tion, de liv ered from the NW, which are

undistinguishable from each other. Pro gres sive ero sion ex -
posed the granitoid cores, rep re sented by the KSZ-5 and
KSZ-8 sam ples and their meta mor phic en ve lope (KSZ-7). 

No ta bly, this is the first re cord of ex otic clasts of Meso-
 Variscan age (KSZ-8, ~330 Ma) in side the Silesian Nappe, as
up to now the ex otic block pop u la tion in the Silesian and
Subsilesian nappes has been dom i nated by Neoproterozoic
mag matic and meta mor phic clasts with the ex cep tion of one lo -
ca tion in Pluskawka (Subsilesian Nappe) where subvolcanic
late Variscan (293 to ~310 Ma) ex otic blocks have been found
(com pare Poprawa et al., 2004; Budzyñ et al., 2011; Gawêda et 
al., 2019a; Burda et al., 2019; Golonka et al., 2021b). The sam -
ples in this study (Janoska stream) may rep re sent ei ther the
west ern zone of the Silesian Ridge, where tec tonic ex hu ma tion
ex posed deeply lo cated granitoid plutons or a Variscan
collisional su ture, ex posed dur ing Al pine tec tonic move ments.

The geo chem i cal and iso to pic char ac ter is tics of the two
granitoid sam ples im ply melt ing of a metasedimentary protolith
of Paleoproterozoic age (TDM age = 1.98 Ga). TDM ages of
Variscan plutons in Eu rope are usu ally in the range of 1.1–1.7
Ga (Liew and Hoffman, 1988; Gawêda et al., 2019b) and such
model ages are not in ter preted to re cord a geo log i cal event as
they re sult from mix ing of melted sources (com pare Moyen et
al. 2017 and ref er ences therein). The ana lysed ex otic clasts of
Variscan gran ite are dif fer ent to the clas sic Eu ro pean model;
they do not rep re sent young mag mas but rather re cy cled
Paleoproterozoic crust of ~1.9 Ga. That al lows us to sup pose
that there was no source mix ing, but rather di rect melt ing of
Paleoproterozoic crust, meta mor phosed in the Neoproterozoic, 
as shown by the spec trum of in her ited cores and the pres ence
of meta mor phic clasts (Fig. 10C, D). 

CONCLUSIONS

1. The source area of eroded ma te rial, the west ern Silesian
Ridge, was built of Meso-Variscan granitoid rocks and their
meta mor phic coun try rock, as doc u mented both by the ex otic
clasts and de tri tal zir con/rutile anal y ses. That is the first ev i -
dence of Meso-Variscan granitoid ac tiv ity in the crys tal line
base ment of the Silesian Ridge and in the whole Proto -
carpathians. 

2. The granitoids rep re sent the par tial melts of a sed i men -
tary protolith and yield con cordia ages of 325.7 ±2.9 Ma and
330.6 ±2.9 Ma. Prob a bly there was no source mix ing but orig i -
nal Paleoproterozoic crust (TDM = 1.98 Ga) was melted. 

3. The meta mor phic coun try rocks (both ortho- and para -
gneisses) yield Meso-Pro tero zoic protolith ages, with Neo pro -
tero zoic pro longed meta mor phism and lo cally also late Vari -
scan re-heat ing.
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Sample ID Final207_235 2 s Final206_238 2 s ErrorCorrelation_6_38vs7_35FinalAge206_238 2 s FinalAge207_2352s FinalAge207_2062s U [ppm] Th [ppm] Th/U

A2_42 0.801 0.026 0.096 0.001 0.047 593 7.4 597 19.4 622 22 134 139 1.031

A2_59 0.764 0.018 0.093 0.002 0.201 575 9.2 576 13.6 585 15 1105 4700 4.253

A2_16 0.649 0.014 0.082 0.002 0.753 506 9.3 508 11.0 522 14 909 359 0.395

A2_33 0.597 0.018 0.076 0.001 0.343 474 8.7 475 14.3 503 16 1016 86 0.084

A2_50 0.562 0.020 0.072 0.001 0.268 446 7.5 453 16.1 464 16 544 3210 5.901

A2_54 0.474 0.018 0.062 0.002 0.456 390 10.6 394 15.0 392 18 208 378 1.816

A2_10 0.413 0.010 0.055 0.001 0.354 347 4.5 351 8.3 379 9.1 699 68 0.098

A2_2 0.409 0.015 0.056 0.001 0.173 352 6.0 348 12.8 316 12 566 219 0.387

A2_28 0.402 0.009 0.055 0.001 0.337 344 4.5 343 7.9 346 7.8 340 231 0.679

A2_1 0.402 0.015 0.054 0.001 0.034 341 4.6 343 12.8 392 16 158 37 0.236

A2_4 0.401 0.013 0.055 0.001 0.001 343 4.4 342 11.1 371 14 263 24 0.091

A2_40 0.400 0.016 0.054 0.001 0.226 338 6.3 342 13.7 346 13 253 553 2.186

A2_12 0.399 0.007 0.054 0.001 0.412 339 3.2 341 5.9 358 6.1 595 15 0.026

A2_18 0.398 0.024 0.054 0.001 0.204 338 5.5 340 20.5 371 22 143 84 0.590

A2_14 0.397 0.016 0.053 0.001 0.155 336 4.2 339 13.7 371 14 212 229 1.080

A2_45 0.396 0.009 0.054 0.001 0.001 339 3.6 339 7.6 346 9.1 597 406 0.680

A2_8 0.396 0.014 0.054 0.001 0.282 338 5.8 339 12.0 371 13 160 24 0.148

A2_56 0.395 0.015 0.054 0.001 0.533 338 7.5 338 12.8 367 12 459 1.0 0.002

A2_38 0.394 0.023 0.053 0.001 0.001 335 5.7 337 19.7 392 24 220 443 2.014

A2_19 0.392 0.014 0.052 0.001 0.352 326 4.6 336 12.0 371 13 463 641 1.384

A2_34 0.390 0.011 0.053 0.001 0.563 332 5.6 334 9.4 358 8.7 567 150 0.265

A2_57 0.390 0.014 0.054 0.001 0.540 340 4.6 334 12.0 333 11 371 2000 5.391

A2_6 0.389 0.007 0.053 0.001 0.276 331 3.6 334 6.3 367 7.5 1976 67 0.034

A2_52 0.388 0.009 0.053 0.000 0.250 332 3.0 333 7.4 337 7.6 842 0.0 0.000

A2_31 0.386 0.009 0.053 0.001 0.076 332 4.1 332 7.5 346 8.4 405 294 0.726

A2_5 0.385 0.024 0.053 0.001 0.281 331 6.1 331 20.6 294 19 78 0.7 0.009

A2_11 0.385 0.009 0.052 0.001 0.145 327 4.4 331 8.1 350 8.5 802 36 0.045

A2_58 0.385 0.019 0.052 0.001 0.438 327 4.3 331 16.3 371 18 246 4900 19.919

A2_21 0.385 0.009 0.052 0.001 0.216 327 3.3 331 7.6 354 7.3 760 1270 1.671

A2_24 0.380 0.015 0.051 0.001 0.459 319 6.9 327 12.9 384 13 539 502 0.931

A2_13 0.379 0.010 0.052 0.000 0.272 324 3.1 326 8.6 367 8.8 1136 87 0.076

A2_22 0.379 0.011 0.052 0.001 0.076 324 4.1 326 9.5 354 9.3 797 274 0.344

A2_15 0.377 0.014 0.049 0.001 0.153 307 4.0 325 12.1 424 15 535 90 0.169

A2_51 0.377 0.014 0.051 0.001 0.333 320 7.5 325 12.1 358 14 635 0.0 0.000

A2_60 0.377 0.015 0.049 0.001 0.042 306 6.3 325 12.9 484 17 296 832 2.811

A2_3 0.376 0.012 0.051 0.001 0.566 321 5.2 324 10.3 346 9.7 445 72 0.161

A2_64 0.375 0.017 0.050 0.001 0.001 315 4.5 323 14.7 404 21 184 430 2.342

A2_27 0.375 0.015 0.053 0.001 0.222 336 4.7 323 12.9 232 9.1 130 174 1.338

A2_41 0.375 0.009 0.051 0.001 0.022 323 4.1 323 7.8 325 8.0 528 306 0.580

A2_17 0.375 0.010 0.051 0.000 0.317 320 3.0 323 8.5 342 7.7 1100 2470 2.245

A2_30 0.375 0.008 0.052 0.001 0.130 326 3.4 323 6.5 333 7.5 609 375 0.616

A2_39 0.373 0.011 0.051 0.001 0.298 319 4.0 322 9.5 358 11 911 486 0.533

A2_55 0.372 0.010 0.050 0.001 0.247 315 5.3 321 8.6 384 8.5 788 0.0 0.000

A2_37 0.372 0.010 0.049 0.001 0.651 306 5.4 321 8.2 432 9.3 1212 187.5 0.155

A2_32 0.370 0.010 0.051 0.001 0.266 319 4.2 320 8.6 346 9.1 498 442 0.888

A2_20 0.368 0.014 0.049 0.001 0.087 311 4.7 318 12.1 337 13 237 450 1.899

A2_53 0.368 0.011 0.050 0.001 0.288 312 3.6 318 9.5 363 10 1852 0.0 0.000

A2_43 0.367 0.012 0.052 0.001 0.182 324 4.9 317 10.4 281 8.7 205 278 1.356

A2_47 0.366 0.012 0.051 0.001 0.287 321 3.8 317 10.4 285 9.3 293 1457 4.979

A2_48 0.366 0.010 0.050 0.001 0.066 317 4.1 317 8.7 320 10 729 2277 3.123

A2_44 0.364 0.010 0.049 0.001 0.259 311 3.4 315 8.7 350 9.8 378 668 1.766

A2_63 0.364 0.008 0.050 0.001 0.304 316 3.7 315 7.0 320 7.3 508 703 1.384

A2_62 0.358 0.010 0.050 0.001 0.194 315 4.5 311 8.5 268 6.7 360 246 0.684

A2_29 0.354 0.012 0.049 0.001 0.132 308 5.1 308 10.4 325 13 648 341 0.526

A2_7 0.432 0.006 0.055 0.001 0.153 343 5.5 364 5.4 495 9 1127 243 0.216

A2_9 0.449 0.011 0.053 0.001 0.396 333 4.1 377 9.2 632 12 601 156 0.260

A2_23 0.421 0.012 0.052 0.001 0.156 326 8.2 357 10.2 537 13 319 216 0.678

A2_25 0.422 0.010 0.053 0.001 0.283 336 4.4 358 8.3 515 12 798 172 0.216

A2_26 0.320 0.014 0.040 0.001 0.519 251 6.1 282 12.3 503 18 323 291 0.901

A2_35 0.380 0.022 0.050 0.001 0.032 316 7.5 327 18.9 436 24 126 71 0.562

A2_36 0.398 0.019 0.050 0.001 0.281 314 3.6 340 16.2 578 25 273 156 0.572

A2_49 0.371 0.025 0.049 0.001 0.001 308 6.3 320 21.6 408 29 110 2462 22.301

A2_46 0.420 0.016 0.052 0.001 0.302 325 5.0 356 13.6 571 20 1699 678 0.399

A2_61 0.394 0.013 0.048 0.001 0.683 300 8.2 337 11.1 636 18 2001 1427 0.713

KSZ_03_20 0.852 0.042 0.100 0.004 0.411 616 20 624 22 690 95 1529 183 0.120

KSZ_03_62 0.856 0.035 0.100 0.003 0.038 615 9.7 628 17 687 88 243 172 0.708

KSZ_03_39 0.549 0.013 0.071 0.002 0.408 444 6.4 445 6.7 440 41 414 195 0.472

KSZ_03_16 0.586 0.023 0.075 0.002 0.395 467 7.6 470 13 468 74 146 112 0.767

APPENDIX 1  LA-ICP-MS U-Pb detrital zircon data from the Janoska stream, Outer Western Carpathians, SW-Poland

Cadomian rims

Paleozoic rims/grains

Matrix of conglomerate

Variscan crystal and rims (concordant)

Discordant cores and rims

Sandstone

Neoproterozoic detrital cores

Lower Paleozoic detrital cores



KSZ_03_45 0.597 0.018 0.075 0.002 0.254 468 6.8 474 10 457 60 241 121 0.500

KSZ_03_63 0.621 0.020 0.079 0.003 0.810 490 17 490 12 493 65 246 260 1.057

KSZ_03_40 0.630 0.019 0.081 0.002 0.503 500 7.0 495 11 497 54 1041 158 0.151

KSZ_03_41 0.630 0.014 0.080 0.002 0.109 495 6.2 497 7.2 501 51 373 186 0.499

KSZ_03_18 4.660 0.140 0.313 0.012 0.611 1754 46 1759 22 1783 45 666 40 0.060

KSZ_03_4 6.700 0.150 0.393 0.013 0.571 2137 42 2072 15 2007 35 543 1000 1.842

KSZ_03_38 19.040 0.420 0.605 0.016 0.836 3050 32 3042 17 3042 21 822 376 0.457

KSZ_03_50 0.342 0.009 0.048 0.001 0.431 302 5.7 298 6.0 267 56 487 192 0.394

KSZ_03_26 0.349 0.009 0.048 0.001 0.498 304 4.6 305 5.6 303 45 516 201 0.390

KSZ_03_72 0.364 0.017 0.050 0.002 0.728 313 7.2 314 12 337 84 336 174 0.518

KSZ_03_35 0.373 0.010 0.051 0.001 0.561 323 3.7 321 6.7 341 45 207 137 0.661

KSZ_03_68 0.376 0.023 0.051 0.002 0.491 322 9.7 327 15 380 110 836 100 0.120

KSZ_03_34 0.377 0.014 0.053 0.002 0.453 331 5.5 324 10 282 74 750 435 0.580

KSZ_03_21 0.378 0.012 0.052 0.002 0.010 329 5.3 325 7.7 292 71 113 173 1.525

KSZ_03_11 0.378 0.011 0.053 0.002 0.234 333 5.6 325 7.2 253 58 498 161 0.323

KSZ_03_2 0.379 0.013 0.052 0.001 0.466 327 4.4 326 9.1 326 63 355 198 0.558

KSZ_03_6 0.379 0.012 0.053 0.002 0.022 334 9.7 326 7.8 263 87 348 245 0.704

KSZ_03_9 0.379 0.022 0.053 0.002 0.279 335 8.1 326 16 270 130 114 124 1.086

KSZ_03_5 0.380 0.019 0.054 0.002 0.598 336 7.0 327 13 274 91 308 154 0.499

KSZ_03_7 0.381 0.014 0.053 0.002 0.267 333 5.3 328 9.2 311 73 575 386 0.671

KSZ_03_56 0.381 0.009 0.052 0.001 0.186 324 3.3 328 5.7 357 45 657 253 0.384

KSZ_03_61 0.381 0.017 0.053 0.001 0.242 334 4.8 329 12 292 88 1122 162 0.144

KSZ_03_51 0.382 0.010 0.053 0.001 0.190 331 4.2 329 6.3 306 56 944 1520 1.610

KSZ_03_19 0.382 0.012 0.053 0.001 0.429 336 4.8 330 8.5 261 64 373 316 0.847

KSZ_03_32 0.383 0.015 0.053 0.001 0.063 330 4.8 330 11 335 89 542 419 0.773

KSZ_03_53 0.383 0.015 0.053 0.002 0.341 334 5.1 330 9.9 272 71 695 427 0.614

KSZ_03_15 0.384 0.013 0.053 0.002 0.197 335 6.1 330 9.0 329 75 64 84 1.306

KSZ_03_33 0.384 0.010 0.053 0.001 0.210 336 4.2 331 6.3 318 47 78 195 2.510

KSZ_03_43 0.384 0.009 0.053 0.002 0.554 330 5.6 330 5.7 335 43 71 167 2.338

KSZ_03_25 0.385 0.011 0.053 0.002 0.642 331 5.4 331 7.2 351 42 228 268 1.175

KSZ_03_66 0.385 0.009 0.053 0.001 0.413 331 4.6 331 5.7 321 48 309 84 0.270

KSZ_03_8 0.386 0.016 0.053 0.002 0.145 331 6.2 332 11 323 83 809 900 1.112

KSZ_03_65 0.386 0.013 0.053 0.002 0.620 335 6.1 331 9.0 371 59 563 606 1.076

KSZ_03_28 0.386 0.010 0.052 0.001 0.410 329 5.0 331 6.3 347 48 254 102 0.401

KSZ_03_22 0.387 0.022 0.053 0.002 0.094 333 5.9 335 17 340 130 532 56 0.105

KSZ_03_70 0.387 0.017 0.052 0.002 0.029 326 5.9 331 12 350 110 487 69 0.142

KSZ_03_13 0.387 0.009 0.054 0.002 0.544 336 5.3 332 5.6 315 37 1084 75 0.070

KSZ_03_17 0.388 0.012 0.052 0.002 0.217 330 5.8 332 8.0 333 74 766 254 0.332

KSZ_03_31 0.388 0.013 0.052 0.002 0.064 327 5.7 333 9.0 365 73 163 186 1.139

KSZ_03_60 0.388 0.012 0.053 0.002 0.432 332 6.9 333 8.2 359 61 457 266 0.582

KSZ_03_69 0.388 0.011 0.052 0.001 0.359 327 4.7 333 7.3 404 61 66 43 0.658

KSZ_03_30 0.389 0.010 0.053 0.001 0.315 335 4.0 334 6.6 332 54 296 179 0.605

KSZ_03_57 0.390 0.010 0.053 0.001 0.083 335 4.6 334 6.2 320 58 492 120 0.244

KSZ_03_1 0.390 0.014 0.053 0.002 0.027 336 5.7 334 9.3 325 82 415 89 0.215

KSZ_03_48 0.390 0.025 0.051 0.002 0.002 323 7.1 334 17 390 140 194 121 0.624

KSZ_03_36 0.391 0.018 0.054 0.002 0.121 336 6.3 337 12 311 95 316 454 1.437

KSZ_03_42 0.391 0.018 0.052 0.002 0.456 326 6.1 334 12 421 84 767 101 0.131

KSZ_03_71 0.391 0.012 0.051 0.001 0.104 321 4.8 335 8.0 448 74 423 204 0.482

KSZ_03_27 0.392 0.018 0.053 0.002 0.208 333 5.9 337 12 348 93 37 38 1.030

KSZ_03_54 0.392 0.011 0.053 0.002 0.435 335 5.5 336 7.6 375 42 1180 582 0.493

KSZ_03_59 0.392 0.014 0.053 0.001 0.327 331 4.5 335 9.7 365 69 1587 503 0.317

KSZ_03_58 0.392 0.008 0.053 0.001 0.221 334 4.5 336 4.8 348 36 215 184 0.856

KSZ_03_29 0.393 0.011 0.053 0.002 0.275 334 5.1 336 6.9 363 52 247 169 0.686

KSZ_03_52 0.394 0.015 0.054 0.002 0.385 336 6.2 338 9.8 328 77 625 270 0.432

KSZ_03_14 0.395 0.014 0.055 0.002 0.339 346 5.0 339 8.6 251 71 158 109 0.690

KSZ_03_37 0.396 0.016 0.053 0.001 0.230 332 4.9 338 11 396 85 381 66 0.173

KSZ_03_3 0.398 0.015 0.053 0.002 0.161 333 10.0 340 9.9 350 110 539 476 0.883

KSZ_03_46 0.398 0.017 0.054 0.002 0.247 339 6.3 342 11 367 91 351 60 0.172

KSZ_03_12 0.399 0.016 0.054 0.002 0.268 337 10.0 340 11 390 100 730 95 0.131

KSZ_03_23 0.399 0.017 0.054 0.002 0.110 337 5.9 343 12 379 83 230 60 0.262

KSZ_03_73 0.492 0.023 0.060 0.002 0.568 378 7.6 406 15 585 77 864 19 0.022

KSZ_03_67 0.493 0.014 0.060 0.002 0.422 377 4.6 407 8.2 591 52 1320 187 0.142

KSZ_03_44 0.498 0.012 0.067 0.002 0.077 416 5.9 410 6.7 391 53 268 239 0.892

KSZ_03_64 0.359 0.033 0.052 0.002 -0.014 328 9.5 309 24 300 190 356 131 0.368

KSZ_03_24 0.369 0.043 0.053 0.002 -0.161 333 9.1 313 31 230 230 375 217 0.578

KSZ_03_49 0.374 0.026 0.052 0.002 -0.073 327 7.3 320 18 260 150 539 81 0.151

KSZ_03_10 0.381 0.020 0.053 0.002 -0.057 335 6.0 326 14 270 110 1111 212 0.191

KSZ_03_55 0.384 0.014 0.052 0.001 -0.025 328 3.9 330 9.4 344 71 1191 274 0.230

KSZ_03_47 0.391 0.021 0.052 0.002 -0.110 328 6.9 336 15 390 120 624 101 0.163

Inherited cores

Variscan grains

Discordant data



Sample ID Final207_235 2 s Final206_238 2 s ErrorCorrelation_6_38vs7_35FinalAge206_2382 s FinalAge207_2352s FinalAge207_2062s U [ppm] Th [ppm] Th/U

A1_16 0.403 0.023 0.0537 0.0013 0.0010 337 8.1 343 17 380 140 107 84 0.787

A1_27 0.433 0.016 0.0573 0.0025 0.2727 359 15 365 11 396 85 327 18 0.054

A1_26 0.704 0.020 0.0885 0.0015 0.8489 547 8.6 541 12 535 48 730 10.0 0.014

A1_35 0.699 0.022 0.0852 0.0011 0.4205 527 6.8 538 13 594 63 624 1.5 0.002

A1_51 5.620 0.230 0.3420 0.0110 0.7332 1896 51 1917 35 1939 53 255 95 0.372

A1_1 3.608 0.090 0.2634 0.0034 0.7842 1507 17 1550 20 1605 36 746 433 0.580

A1_2 3.127 0.053 0.2342 0.0038 0.7863 1356 20 1439 13 1555 26 143 41 0.285

A1_3 1.161 0.027 0.1056 0.0025 0.3926 647 15 782 13 1188 62 558 32 0.057

A1_4 2.692 0.089 0.1967 0.0037 0.5288 1158 20 1325 24 1575 37 786 243 0.309

A1_5 2.460 0.190 0.1810 0.0120 0.8456 1074 68 1255 54 1615 69 248 38 0.152

A1_6 4.015 0.075 0.2895 0.0043 0.7562 1639 21 1636 15 1647 25 153 49 0.319

A1_7 1.317 0.025 0.1113 0.0020 0.7368 680 12 856 11 1340 25 1037 106 0.103

A1_8 3.824 0.084 0.2748 0.0036 0.5063 1565 18 1596 18 1648 35 126 51 0.405

A1_9 3.340 0.032 0.2404 0.0021 0.7474 1389 11 1491 7.7 1631 13 1324 1219 0.921

A1_10 0.827 0.026 0.0931 0.0016 0.6095 574 9.3 611 15 723 56 785 9.6 0.012

A1_11 0.686 0.025 0.0785 0.0037 0.7114 487 22 530 15 756 80 680 36 0.053

A1_12 0.568 0.026 0.0725 0.0017 0.5892 451 10 456 16 488 77 444 2.5 0.006

A1_13 3.950 0.071 0.2849 0.0038 0.5803 1616 19 1623 15 1640 26 166 110 0.663

A1_14 3.978 0.080 0.2864 0.0043 0.4157 1623 22 1633 17 1641 36 88 49 0.561

A1_15 4.015 0.058 0.2880 0.0027 0.1203 1631 13 1637 12 1651 31 144 76 0.528

A1_17 3.301 0.045 0.2403 0.0022 0.5818 1388 11 1480 11 1613 20 790 0.6 0.001

A1_18 3.962 0.073 0.2869 0.0032 0.3689 1626 16 1628 16 1625 31 205 0.5 0.003

A1_19 3.958 0.071 0.2859 0.0036 0.4053 1621 18 1624 15 1645 31 156 0.5 0.003

A1_20 3.755 0.060 0.2721 0.0034 0.3696 1551 17 1583 13 1623 29 717 0.4 0.001

A1_21 3.706 0.037 0.2667 0.0019 0.6723 1524 9.6 1572 8.0 1640 14 2700 0.6 0.000

A1_22 3.688 0.044 0.2664 0.0024 0.2908 1523 12 1568 9.6 1642 24 280 0.4 0.001

A1_23 3.557 0.035 0.2611 0.0025 0.6783 1495 13 1540 7.9 1602 14 1886 0.6 0.000

A1_24 0.979 0.077 0.0845 0.0056 0.9626 522 33 684 39 1280 45 780 0.9 0.001

A1_25 3.612 0.057 0.2657 0.0037 0.6567 1519 19 1554 13 1617 22 1650 0.6 0.000

A1_28 2.537 0.087 0.1946 0.0042 0.5818 1146 22 1282 25 1484 49 191 0.5 0.003

A1_29 3.859 0.051 0.2836 0.0033 0.3689 1609 16 1605 11 1607 25 423 0.4 0.001

A1_30 3.809 0.093 0.2817 0.0034 0.4053 1600 17 1594 20 1586 49 97 0.4 0.004

A1_31 3.901 0.085 0.2854 0.0043 0.3696 1618 22 1613 18 1626 36 142 0.5 0.004

A1_32 2.559 0.065 0.1967 0.0042 0.6723 1158 23 1289 19 1533 49 350 0.4 0.001

A1_33 3.168 0.075 0.2371 0.0053 0.2908 1371 28 1453 19 1565 41 270 0.5 0.002

A1_34 2.957 0.066 0.2287 0.0030 0.6783 1328 16 1396 17 1517 30 409 0.6 0.001

A1_36 2.770 0.120 0.2066 0.0095 0.9491 1210 51 1346 33 1569 24 301 1.4 0.005

A1_37 0.819 0.022 0.0728 0.0014 0.6516 453 8.2 610 13 1219 42 708 0.3 0.000

A1_38 3.906 0.049 0.2778 0.0034 0.4045 1580 17 1615 10 1648 27 258 0.4 0.001

A1_39 3.962 0.072 0.2845 0.0042 0.5870 1614 21 1625 15 1652 28 130 0.5 0.004

A1_40 3.434 0.073 0.2515 0.0064 0.4970 1445 33 1511 17 1615 46 184 0.4 0.002

A1_41 4.030 0.100 0.2884 0.0035 0.4367 1633 17 1639 20 1648 44 145 0.5 0.003

A1_42 3.572 0.045 0.2630 0.0031 0.4618 1505 16 1543 10 1598 24 1490 0.4 0.000

A1_43 2.660 0.160 0.1980 0.0061 0.8023 1165 33 1316 42 1569 69 604 0.6 0.001

A1_44 3.560 0.130 0.2530 0.0092 0.8588 1453 48 1539 28 1618 39 431 0.7 0.002

A1_45 4.050 0.100 0.2832 0.0034 0.6415 1607 17 1643 21 1683 37 144 0.6 0.004

A1_46 3.560 0.033 0.2605 0.0018 0.7253 1492 9.3 1540 7.3 1616 14 2750 0.5 0.000

A1_47 3.903 0.058 0.2850 0.0034 0.4006 1616 17 1613 12 1616 28 122 0.4 0.004

A1_48 4.006 0.064 0.2879 0.0033 0.4202 1631 16 1635 13 1617 25 191 0.5 0.003

A1_49 4.003 0.093 0.2876 0.0029 0.4810 1629 15 1633 19 1627 37 106 0.5 0.005

A1_50 3.663 0.063 0.2692 0.0045 0.6035 1536 23 1562 14 1617 30 196 0.5 0.002

A1_52 3.600 0.160 0.2580 0.0110 0.8628 1476 56 1545 35 1655 32 368 1.1 0.003

A1_53 4.010 0.083 0.2917 0.0041 0.4297 1650 21 1635 17 1638 34 138 0.5 0.004

KSZ5_22 0.370 0.017 0.0518 0.0011 0.4302 325 6.9 320 15 241 9.0 243 110.7 0.456

KSZ5_72 0.374 0.017 0.0505 0.0015 0.5382 318 9.4 323 15 350 14 393 90.8 0.231

KSZ5_49 0.378 0.017 0.0512 0.0018 0.7215 322 11 326 15 358 12 720 241.0 0.335

KSZ5_39 0.382 0.016 0.0521 0.0011 0.4085 327 6.9 329 14 342 12 435 13.9 0.032

KSZ5_21 0.383 0.016 0.0516 0.0011 0.2524 324 6.9 329 14 342 13 413 71.6 0.173

KSZ5_40 0.386 0.015 0.0524 0.0010 0.4183 329 6.3 332 13 350 10 538 15.2 0.028

Discordia upper intercept age = 1635 ± 12 Ma; MSWD = 4.0

Granite

Variscan grains

Discordant data

APPENDIX 2 LA-ICP-MS U-Pb zircon data from exotic clasts from the  Janoska stream, Outer Western Carpathians, SW-Poland

Orthogneiss

Variscan rims

Cadomian rims

Inherited cores



KSZ5_42 0.472 0.026 0.0583 0.0014 0.3162 365 8.8 393 22 537 27 130 85 0.657

KSZ5_45 0.477 0.023 0.0621 0.0028 0.4588 388 18 396 19 440 20 548 221 0.403

KSZ5_43 0.481 0.018 0.0642 0.0014 0.6121 401 8.7 399 15 379 11 352 47 0.134

KSZ5_41 0.485 0.018 0.0630 0.0015 0.5697 394 9.4 401 15 432 13 715 65 0.090

KSZ5_44 0.505 0.019 0.0656 0.0014 0.4424 410 8.7 415 16 440 14 382 33 0.085

KSZ5_61 0.519 0.024 0.0672 0.0032 0.8627 419 20 424 20 440 13 900 57 0.063

KSZ5_78 2.250 0.140 0.1983 0.0093 0.4819 1166 55 1197 74 1234 68 521 143 0.274

KSZ5_47 2.318 0.110 0.2046 0.0078 0.4775 1200 46 1218 58 1255 52 249 96 0.387

KSZ5_80 2.394 0.084 0.2116 0.0043 0.5931 1237 25 1241 44 1226 33 496 158 0.318

KSZ5_31 2.410 0.110 0.2128 0.0065 0.6790 1244 38 1246 57 1265 49 140 59 0.420

KSZ5_37 2.411 0.085 0.2102 0.0044 0.6007 1230 26 1246 44 1265 35 564 134 0.237

KSZ5_38 2.473 0.091 0.2175 0.0050 0.5764 1269 29 1264 47 1253 37 124 47 0.378

KSZ5_58 2.490 0.140 0.2130 0.0120 0.6551 1245 70 1269 71 1325 68 855 165 0.193

KSZ5_14 2.688 0.110 0.2248 0.0066 0.5897 1307 38 1325 54 1356 42 167 53 0.316

KSZ5_13 2.721 0.120 0.2324 0.0085 0.6184 1347 49 1334 59 1356 55 260 82 0.315

KSZ5_12 2.733 0.100 0.2315 0.0048 0.6742 1342 28 1337 49 1354 37 194 61 0.315

KSZ5_51 2.970 0.140 0.2340 0.0120 0.8093 1355 70 1400 66 1457 56 841 316 0.376

KSZ5_7 3.029 0.100 0.2437 0.0048 0.5499 1406 28 1415 47 1419 40 298 212 0.712

KSZ5_10 3.164 0.130 0.2504 0.0075 0.5647 1441 43 1448 60 1457 54 180 49 0.272

KSZ5_79 3.231 0.110 0.2531 0.0056 0.4890 1454 32 1465 50 1496 43 269 151 0.559

KSZ5_87 3.232 0.130 0.2528 0.0069 0.6263 1453 40 1465 59 1482 50 113 54 0.480

KSZ5_86 3.250 0.150 0.2548 0.0090 0.6932 1463 52 1469 68 1465 49 156 119 0.764

KSZ5_18 3.283 0.120 0.2571 0.0054 0.6263 1475 31 1477 54 1467 41 147 46 0.312

KSZ5_9 3.368 0.120 0.2595 0.0063 0.5922 1487 36 1497 53 1500 43 341 120 0.351

KSZ5_27 3.370 0.180 0.2600 0.0120 0.8632 1490 69 1497 80 1512 50 904 335 0.371

KSZ5_11 3.425 0.120 0.2614 0.0057 0.6817 1497 33 1510 53 1530 43 719 267 0.371

KSZ5_48 3.428 0.140 0.2588 0.0075 0.6717 1484 43 1511 62 1520 55 148 80 0.538

KSZ5_26 3.431 0.120 0.2656 0.0051 0.6454 1518 29 1512 53 1510 40 559 121 0.217

KSZ5_64 3.483 0.130 0.2570 0.0054 0.4320 1474 31 1523 57 1585 50 102 75 0.737

KSZ5_23 3.613 0.130 0.2743 0.0064 0.6946 1563 36 1552 56 1542 42 409 159 0.390

KSZ5_6 3.626 0.120 0.2752 0.0045 0.5299 1567 26 1555 51 1548 40 670 349 0.521

KSZ5_63 3.761 0.150 0.2787 0.0080 0.6724 1585 45 1584 63 1550 48 149 179 1.202

KSZ5_60 3.790 0.210 0.2770 0.0150 0.6565 1576 85 1591 88 1602 75 243 124 0.508

KSZ5_62 3.803 0.140 0.2807 0.0063 0.7302 1595 36 1593 59 1565 42 241 89 0.370

KSZ5_66 4.120 0.200 0.2931 0.0096 0.7418 1657 54 1658 80 1698 54 190 208 1.094

KSZ5_3 4.176 0.160 0.2924 0.0061 0.4819 1654 34 1669 64 1691 52 243 157 0.648

KSZ5_36 4.250 0.240 0.2800 0.0120 0.4549 1591 68 1684 95 1751 87 236 178 0.754

KSZ5_24 4.430 0.180 0.3062 0.0086 0.6882 1722 48 1718 70 1737 57 238 87 0.365

KSZ5_59 4.446 0.160 0.3048 0.0073 0.6651 1715 41 1721 62 1732 47 311 162 0.519

KSZ5_77 4.450 0.180 0.2990 0.0110 0.5857 1686 62 1722 70 1759 67 287 192 0.668

KSZ5_68 4.453 0.160 0.3071 0.0079 0.5927 1726 44 1722 62 1716 52 289 192 0.664

KSZ5_20 4.520 0.200 0.3020 0.0110 0.8612 1701 62 1735 77 1759 51 701 114 0.162

KSZ5_33 4.610 0.210 0.3130 0.0110 0.5859 1755 62 1751 80 1759 67 410 139 0.338

KSZ5_76 4.618 0.170 0.3102 0.0077 0.6935 1742 43 1753 65 1763 51 301 145 0.483

KSZ5_25 4.690 0.180 0.3210 0.0094 0.6494 1795 53 1765 68 1749 54 261 148 0.567

KSZ5_34 4.900 0.180 0.3141 0.0060 0.4975 1761 34 1802 66 1856 56 275 112 0.407

KSZ5_69 5.020 0.190 0.3272 0.0088 0.7379 1825 49 1823 69 1840 56 139 77 0.557

KSZ5_56 5.030 0.280 0.3172 0.0094 0.5472 1776 53 1824 102 1845 80 277 118 0.426

KSZ5_4 5.059 0.180 0.3260 0.0070 0.7085 1819 39 1829 65 1827 47 414 134 0.324

KSZ5_5 5.070 0.190 0.3231 0.0078 0.8092 1805 44 1831 69 1853 47 399 157 0.394

KSZ5_57 5.070 0.290 0.3280 0.0120 0.6037 1829 67 1831 105 1826 80 422 250 0.592

KSZ5_84 5.130 0.210 0.3240 0.0120 0.7495 1809 67 1841 75 1886 72 181 132 0.726

KSZ5_17 5.395 0.180 0.3375 0.0058 0.4280 1875 32 1884 63 1878 51 402 170 0.422

KSZ5_29 5.970 0.230 0.3587 0.0091 0.5917 1976 50 1971 76 1967 57 241 190 0.788

KSZ5_8 6.302 0.220 0.3659 0.0069 0.7179 2010 38 2019 70 2010 52 190 118 0.619

KSZ5_73 6.490 0.290 0.3722 0.0100 0.7246 2040 55 2045 91 2058 68 103 95 0.921

KSZ5_19 13.380 0.600 0.5140 0.0180 0.2159 2674 94 2707 121 2759 102 30 12 0.406

KSZ5_53 15.650 0.640 0.5510 0.0150 0.5500 2829 77 2856 117 2866 96 90 72 0.796

KSZ5_65 3.705 0.140 0.2474 0.0074 0.5850 1425 43 1572 59 1813 64 694 539 0.777

KSZ5_2 3.084 0.120 0.2322 0.0054 0.6326 1346 31 1429 56 1540 43 1215 410 0.337

KSZ5_32 2.800 0.220 0.2005 0.0056 0.4891 1178 33 1356 107 1620 89 1447 536 0.370

KSZ5_54 0.560 0.038 0.0451 0.0010 0.2171 284 6.1 452 31 1419 89 388 161 0.415

KSZ5_70 0.710 0.051 0.0516 0.0026 0.6927 324 16 545 39 1559 74 1550 850 0.548

KSZ5_46 0.716 0.042 0.0634 0.0038 0.8719 396 24 548 32 1267 57 513 59 0.115

KSZ5_75 0.783 0.074 0.0553 0.0047 0.8134 347 29 587 55 1739 111 500 89 0.179

Concordia age = 325,7 ± 2,9; MSWD = 0,7; probability  of concordance = 0,4

Eo-Variscan and Caledonian zircon grains

Meso- and Paleoproterozoic concordant zircon grains

Discordant zircon grains



KSZ5_71 0.899 0.037 0.0947 0.0025 0.8426 583 15 651 27 896 25 942 92 0.098

KSZ5_67 1.091 0.046 0.0886 0.0028 0.8745 547 17 749 32 1389 38 1566 222 0.142

KSZ5_81 1.240 0.052 0.0758 0.0040 0.3922 471 25 819 34 1955 103 2890 226 0.078

KSZ5_85 1.242 0.048 0.0482 0.0013 0.6913 303 8.2 820 32 2719 81 2081 1802 0.866

KSZ5_82 1.572 0.090 0.1120 0.0048 0.7877 684 29 959 55 1659 60 4070 945 0.232

KSZ5_35 1.719 0.067 0.1307 0.0035 0.6430 792 21 1016 40 1526 50 540 149 0.276

KSZ5_16 2.350 0.120 0.2007 0.0058 0.6856 1179 34 1228 63 1318 48 271 119 0.437

KSZ5_50 2.370 0.240 0.1653 0.0094 0.8281 986 56 1234 125 1536 82 326 45 0.138

KSZ5_1 2.509 0.095 0.2079 0.0052 0.5673 1218 30 1275 48 1396 43 468 144 0.308

KSZ5_55 2.514 0.100 0.1973 0.0059 0.7749 1161 35 1276 51 1455 41 1175 465 0.396

KSZ5_74 4.030 0.210 0.2411 0.0100 0.6130 1392 58 1640 85 1949 86 1145 354 0.309

KSZ5_28 4.080 0.210 0.1853 0.0085 0.6888 1096 50 1650 85 2423 97 203 115 0.567

KSZ5_83 4.620 0.230 0.2667 0.0100 0.6238 1524 57 1753 87 2020 86 210 103 0.488

KSZ5_30 5.440 0.260 0.2980 0.0110 0.7643 1681 62 1891 90 2109 73 343 235 0.685

KSZ5_52 5.900 0.360 0.3220 0.0160 0.7710 1799 89 1961 120 2121 79 949 427 0.450

KSZ5_15 0.516 0.020 0.0422 0.0010 0.3889 266 6.3 422 16 1396 50 4550 1470 0.323

KSZ7_5 0.749 0.047 0.0921 0.0036 0.1452 568 22 568 36 611 39 81 32 0.392

KSZ7_25 0.757 0.034 0.0943 0.0022 0.2508 581 14 572 26 567 22 166 107 0.646

KSZ7_4 0.760 0.036 0.0949 0.0023 0.3458 584 14 574 27 571 25 55 25 0.448

KSZ7_2 0.765 0.033 0.0934 0.0038 0.7160 576 23 577 25 589 25 476 114 0.239

KSZ7_22 0.769 0.035 0.0945 0.0022 0.0999 582 14 579 26 571 26 102 42 0.413

KSZ7_39 0.775 0.032 0.0924 0.0021 0.3472 570 13 583 24 636 23 206 63 0.305

KSZ7_33 0.781 0.030 0.0951 0.0020 0.6379 586 12 586 23 596 17 523 174 0.333

KSZ7_6 0.783 0.040 0.0902 0.0033 0.3374 557 20 587 30 646 41 143 73 0.509

KSZ7_17 0.786 0.038 0.0980 0.0025 0.4253 603 15 589 28 537 21 87 63 0.729

KSZ7_31 0.787 0.040 0.0940 0.0036 0.3335 579 22 589 30 671 35 251 144 0.574

KSZ7_27 0.789 0.029 0.0966 0.0025 0.6265 594 15 591 22 593 18 429 186 0.434

KSZ7_34 0.791 0.033 0.0946 0.0026 0.4659 583 16 592 25 632 23 229 88 0.385

KSZ7_38 0.796 0.033 0.0956 0.0022 0.5233 589 14 595 25 625 21 214 82 0.385

KSZ7_24 0.800 0.032 0.0964 0.0024 0.4967 593 15 597 24 596 20 234 99 0.423

KSZ7_16 0.801 0.044 0.0964 0.0030 0.3735 593 18 597 33 629 33 82 48 0.587

KSZ7_36 0.801 0.045 0.0963 0.0037 0.5851 593 23 597 34 614 29 308 128 0.416

KSZ7_9 0.804 0.035 0.0983 0.0023 0.2432 604 14 599 26 589 24 157 77 0.488

KSZ7_28 0.807 0.037 0.0969 0.0026 0.4735 596 16 601 28 600 25 98 56 0.576

KSZ7_29 0.808 0.032 0.0982 0.0027 0.1998 604 17 601 24 622 26 172 102 0.593

KSZ7_21 0.810 0.046 0.0968 0.0041 0.7781 596 25 602 34 574 24 433 146 0.337

KSZ7_23 0.810 0.036 0.0955 0.0023 0.3508 588 14 602 27 646 24 113 50 0.440

KSZ7_41 0.811 0.032 0.0969 0.0021 0.4403 596 13 603 24 618 20 263 144 0.548

KSZ7_37 0.814 0.033 0.0968 0.0030 0.6174 596 18 605 25 625 22 317 69 0.216

KSZ7_10 0.817 0.034 0.1013 0.0030 0.1226 622 18 606 25 541 25 123 68 0.556

KSZ7_26 0.817 0.030 0.0988 0.0020 0.5976 607 12 606 22 611 18 690 358 0.519

KSZ7_12 0.822 0.030 0.0992 0.0021 0.5041 610 13 609 22 622 17 496 207 0.418

KSZ7_18 0.822 0.033 0.0997 0.0024 0.4758 613 15 609 24 604 20 149 124 0.833

KSZ7_11 0.825 0.037 0.1011 0.0026 0.3374 621 16 611 27 560 22 112 59 0.528

KSZ7_32 0.831 0.034 0.0976 0.0030 0.3403 600 18 614 25 657 29 332 116 0.349

KSZ7_3 0.834 0.041 0.0991 0.0036 0.4471 609 22 616 30 632 27 314 52 0.166

KSZ7_30 0.834 0.044 0.0980 0.0046 0.3743 603 28 616 32 742 37 189 99 0.525

KSZ7_19 0.846 0.033 0.0999 0.0031 0.5894 614 19 622 24 698 23 422 80 0.189

KSZ7_35 0.848 0.039 0.1008 0.0032 0.7041 619 20 624 29 614 22 505 171 0.339

KSZ7_1 0.907 0.034 0.1072 0.0019 0.4634 656 12 655 25 632 20 168 122 0.727

KSZ7_13 0.920 0.040 0.1095 0.0026 0.4662 670 16 662 29 625 24 210 42 0.201

KSZ7_14 0.935 0.042 0.1123 0.0039 0.4366 686 24 670 30 639 29 193 119 0.617

KSZ7_15 0.940 0.038 0.1104 0.0024 0.2355 675 15 673 27 660 24 147 101 0.687

KSZ7_8 2.297 0.110 0.2022 0.0071 0.8426 1187 42 1211 58 1250 43 506 141 0.278

KSZ7_20 2.008 0.110 0.1701 0.0075 0.6503 1013 45 1118 61 1365 58 472 169 0.360

KSZ7_7 2.138 0.091 0.1870 0.0066 0.6971 1105 39 1161 49 1302 46 1609 430 0.270

KSZ7_40 2.138 0.086 0.1820 0.0051 0.5953 1078 30 1161 47 1327 44 2360 15 0.010

KSZ8_15 0.375 0.017 0.0517 0.0014 0.6437 325 8.8 323 15 294 10 319 204 0.640

KSZ8_16 0.379 0.015 0.0523 0.0010 0.3065 329 6.3 326 13 333 13 199 159 0.801

KSZ8_51 0.385 0.015 0.0518 0.0010 0.4280 326 6.2 331 13 367 12 495 87 0.176

KSZ8_52 0.391 0.017 0.0530 0.0010 0.3211 333 6.3 335 15 375 14 315 314 0.997

KSZ8_17 0.393 0.021 0.0524 0.0018 0.4086 329 11 337 18 371 18 206 200 0.971

KSZ8_2 0.402 0.017 0.0550 0.0014 0.4950 345 8.8 343 15 350 12 373 49 0.131

Variscan rims

Granite

Paragneiss

Neoproterozoic concordant grains/rims

Mesoproterozoic concordant core 1207,4 Ma ± 33,8

Discordant grains.rims



KSZ8_1 0.735 0.042 0.0884 0.0019 0.2097 546 12 559 32 636 34 178 86 0.485

KSZ8_28 0.743 0.045 0.0900 0.0034 0.3930 556 21 564 34 582 31 67 30 0.449

KSZ8_7 0.758 0.034 0.0923 0.0020 0.3020 569 12 573 26 589 24 110 27 0.242

KSZ8_19 0.759 0.029 0.0916 0.0026 0.4254 565 16 573 22 618 21 312 114 0.365

KSZ8_8 0.762 0.041 0.0911 0.0046 0.5928 562 28 575 31 636 27 876 26 0.030

KSZ8_4 0.764 0.031 0.0927 0.0020 0.4788 571 12 576 23 611 20 137 89 0.651

KSZ8_18 0.764 0.037 0.0917 0.0030 0.4506 566 19 576 28 636 24 746 28 0.038

KSZ8_32 0.765 0.030 0.0946 0.0025 0.3954 583 15 577 23 515 20 145 58 0.401

KSZ8_6 0.767 0.030 0.0950 0.0017 0.4874 585 10 578 23 563 17 298 195 0.654

KSZ8_26 0.768 0.032 0.0942 0.0023 0.5145 580 14 579 24 585 22 277 158 0.569

KSZ8_20 0.769 0.028 0.0936 0.0023 0.4592 577 14 579 21 545 19 419 270 0.644

KSZ8_42 0.769 0.031 0.0946 0.0025 0.3913 583 15 579 23 563 21 336 208 0.619

KSZ8_23 0.770 0.040 0.0927 0.0048 0.6332 571 30 580 30 589 26 790 84 0.106

KSZ8_27 0.770 0.039 0.0925 0.0029 0.4277 570 18 580 29 636 28 92 50 0.541

KSZ8_41 0.771 0.033 0.0939 0.0024 0.5790 579 15 580 25 582 21 112 36 0.324

KSZ8_43 0.772 0.043 0.0914 0.0035 0.4873 564 22 581 32 622 31 111 37 0.331

KSZ8_31 0.773 0.035 0.0921 0.0028 0.5188 568 17 581 26 625 24 134 54 0.399

KSZ8_24 0.774 0.041 0.0939 0.0057 0.7980 579 35 582 31 632 25 620 112 0.181

KSZ8_29 0.775 0.059 0.0902 0.0030 0.3684 557 19 583 44 646 42 58 27 0.464

KSZ8_14 0.776 0.028 0.0946 0.0021 0.3868 583 13 583 21 593 19 257 195 0.759

KSZ8_39 0.776 0.030 0.0929 0.0025 0.5271 573 15 583 23 632 21 729 328 0.450

KSZ8_5 0.777 0.037 0.0957 0.0032 0.5044 589 20 584 28 571 23 337 95 0.282

KSZ8_33 0.779 0.029 0.0958 0.0019 0.4151 590 12 585 22 593 19 442 255 0.577

KSZ8_10 0.780 0.032 0.0933 0.0027 0.5836 575 17 585 24 585 18 583 52 0.089

KSZ8_3 0.784 0.030 0.0944 0.0019 0.4045 582 12 588 22 622 20 500 224 0.448

KSZ8_40 0.785 0.029 0.0954 0.0026 0.4601 587 16 588 22 629 20 571 137 0.240

KSZ8_49 0.785 0.035 0.0956 0.0031 0.4701 589 19 588 26 578 21 306 85 0.278

KSZ8_48 0.787 0.036 0.0966 0.0036 0.5854 594 22 589 27 571 23 309 137 0.444

KSZ8_30 0.788 0.031 0.0941 0.0021 0.3907 580 13 590 23 625 22 349 118 0.339

KSZ8_44 0.791 0.037 0.0942 0.0034 0.4735 580 21 592 28 582 25 215 67 0.310

KSZ8_21 0.797 0.031 0.0954 0.0023 0.3712 587 14 595 23 629 25 708 18 0.025

KSZ8_9 0.800 0.033 0.0969 0.0032 0.6784 596 20 597 25 607 20 654 59 0.090

KSZ8_37 0.802 0.047 0.0954 0.0027 0.7885 587 17 598 35 636 22 412 35 0.084

KSZ8_54 0.804 0.032 0.0953 0.0022 0.3235 587 14 599 24 643 23 501 18 0.037

KSZ8_36 0.816 0.040 0.0954 0.0028 0.5214 587 17 606 30 722 32 505 66 0.131

KSZ8_25 1.165 0.073 0.1287 0.0059 0.5961 780 36 784 49 828 39 171 139 0.813

KSZ8_47 2.345 0.093 0.2092 0.0063 0.6729 1225 37 1226 49 1204 40 364 135 0.372

KSZ8_50 2.405 0.110 0.2080 0.0140 0.5916 1218 82 1244 57 1345 94 274 49 0.179

KSZ8_45 2.535 0.130 0.2171 0.0094 0.6851 1267 55 1282 66 1336 51 218 115 0.526

KSZ8_12 3.430 0.350 0.2480 0.0190 0.8519 1428 109 1511 154 1609 88 536 99 0.185

KSZ8_55 4.210 0.200 0.2960 0.0130 0.6388 1671 73 1676 80 1672 70 235 73 0.310

KSZ8_11 1.415 0.058 0.1127 0.0029 0.5080 688 18 895 37 1461 51 1330 244 0.183

KSZ8_13 0.875 0.035 0.0887 0.0027 0.5552 548 17 638 26 994 36 1395 220 0.158

KSZ8_22 0.863 0.059 0.0753 0.0033 0.3576 468 21 632 43 1260 75 2505 686 0.274

KSZ8_34 1.308 0.058 0.1226 0.0043 0.4964 746 26 849 38 1111 42 877 25 0.028

KSZ8_35 1.012 0.038 0.0323 0.0011 0.3476 205 7.0 710 27 3038 109 7930 5280 0.666

KSZ8_38 3.300 0.680 0.1880 0.0250 0.9618 1111 148 1481 305 1832 196 628 115 0.183

KSZ8_46 1.069 0.079 0.1018 0.0027 0.0759 625 17 738 55 1033 79 304 59 0.195

KSZ8_53 0.764 0.064 0.0839 0.0053 0.6415 519 33 576 48 778 42 460 47 0.102

Age = 330,6 ± 2,9 Ma MSWD = 0,36; probability of con cordance = 0.55

Neoproterozoic grains

Mesoproterozoic cores

Discordant grains/cores



sample No 207Pb/235U 2s 206Pb/238U 2s R2 207Pb/206Pb 2s R2 206Pb/238U age [Ma] 2s 207Pb/235U age [Ma] 2s

A2RT_1 0.380 0.073 0.0569 0.0027 0.0881 0.0512 0.0095 0.1416 357 13 337 54

A2RT_2 0.443 0.086 0.0553 0.0029 0.0018 0.0610 0.0120 0.1991 346 15 349 62

A2RT_3 0.372 0.077 0.0536 0.0031 0.2168 0.0530 0.0110 0.1004 336 16 302 58

A2RT_4 0.398 0.017 0.0533 0.0016 0.1723 0.0538 0.0017 0.2248 335 3.9 340 9.3

A2RT_5 0.395 0.018 0.0540 0.0017 0.1944 0.0538 0.0018 0.2110 339 5.0 337 10

A2RT_6 0.399 0.021 0.0555 0.0018 0.1905 0.0524 0.0026 0.1580 348 5.5 340 13

A2RT_8 0.364 0.035 0.0542 0.0023 0.0929 0.0481 0.0051 0.2601 340 10 317 26

A2RT_9 0.405 0.033 0.0530 0.0021 0.1802 0.0544 0.0044 0.2937 333 8.8 341 23

A2RT_10 0.367 0.046 0.0559 0.0021 0.0158 0.0493 0.0060 0.2224 351 8.7 321 35

A2RT_11 0.444 0.064 0.0552 0.0022 -0.1292 0.0606 0.0088 0.3027 346 9.7 364 43

A2RT_12 0.428 0.059 0.0574 0.0027 -0.0368 0.0546 0.0074 0.3634 360 13 354 40

A2RT_14 0.400 0.036 0.0544 0.0021 -0.2671 0.0533 0.0053 0.5094 342 9.0 339 25

A2RT_15 0.389 0.041 0.0544 0.0022 0.0542 0.0528 0.0056 0.2580 341 9.5 335 30

A2RT_16 0.405 0.038 0.0548 0.0020 0.0978 0.0541 0.0050 0.1686 344 8.1 344 25

A2RT_17 0.425 0.047 0.0551 0.0022 0.1380 0.0570 0.0061 0.1332 347 9.7 351 32

A2RT_19 0.384 0.053 0.0556 0.0027 -0.2385 0.0515 0.0075 0.4763 349 13 329 37

A2RT_20 0.396 0.015 0.0563 0.0018 0.1112 0.0522 0.0015 0.3600 353 5.0 340 7.4

A2RT_22 0.400 0.021 0.0551 0.0019 0.1471 0.0521 0.0025 0.2983 346 7.0 340 13

A2RT_23 0.394 0.027 0.0554 0.0019 0.0674 0.0520 0.0033 0.1930 347 6.6 335 18

A2RT_24 0.373 0.054 0.0554 0.0025 0.0918 0.0491 0.0069 0.2254 348 12 338 37

A2RT_25 0.423 0.020 0.0560 0.0018 0.1204 0.0546 0.0024 0.2849 351 5.5 359 11

A2RT_26 0.413 0.029 0.0571 0.0021 0.0683 0.0524 0.0036 0.3270 358 8.2 350 19

A2RT_27 0.485 0.046 0.0663 0.0031 0.1848 0.0531 0.0046 0.1511 414 15 399 29

A2RT_21 0.482 0.079 0.0556 0.0028 -0.0989 0.0580 0.0100 0.3038 351 15 385 53

A2RT_18 0.510 0.120 0.0581 0.0036 0.2074 0.0630 0.0150 -0.0795 363 20 383 78

A2RT_7 0.741 0.076 0.0583 0.0030 0.3709 0.0888 0.0070 0.0135 365 15 559 41

A2RT_13 0.795 0.085 0.0566 0.0025 -0.1272 0.1030 0.0120 0.4402 355 12 595 47

APPENDIX 3 LA-ICP-MS U-Pb rutile data from A-2 samp le, Janoska Stream, Outer Western Carpathians, SW-P oland

Concordant rutile 

Concordia age = 344.7 ± 2.5; MSWD = 2.5; probabilit y of concordance = 0.11

Discordant rutile


