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Ab stract Many base ment units of the Variscan orogen that are ex posed in the Sudetes, SW Po land, com prise wide spread ~500
Ma orthogneisses and as so ci ated mica schists, the lat ter of ten of un known age and der i va tion. Our new U-Pb sen si tive
high res o lu tion ion microprobe (SHRIMP) zir con ages from two sam ples of the Izera metagranites, both around 503
Ma, are in a good agree ment with the well es tab lished late Cam brian–early Or do vi cian magmatism in the West Sudetes.
An Archean in her ited zir con age of ~ 3.4 Ga is one of the old est zir con ages re ported so far from the Bo he mian Mas sif.
The orthogneisses of the Karkonosze–Izera Mas sif (KIM) have cal cu lated TDM ages of be tween 1.50 and 1.93 Ga, but
these ages are not nec es sar ily ev i dence for a Mid-Pro tero zoic crustal der i va tion: more prob a bly, they re flect the av er age
of sev eral de tri tal com po nents mixed into the granitoid magma sources. In spite of likely age dif fer ences, the Lusatian
greywackes, which out crop to the west, and the mica schists of the KIM dis play sim i lar geo chem i cal char ac ter is tics, sug -
gest ing that both could have been de rived from sim i lar sources. How ever, the pres ence of lower Or do vi cian prod ucts of
within-plate vol ca nism – in ter ca la tions of quartzofeldspathic rocks and am phi bo lites within the mica schists – sup ports
an idea that the mica schist protoliths, de rived mainly from crustal rocks, could have also con tained an ad mix ture of con -
tem po ra ne ous vol ca nic ma te ri als. The age spec tra of in her ited zir cons from the KIM orthogneisses and their Nd-iso to -
pic sig na tures are com pa ra ble to the Lusatian greywackes: this sug gests that the Lusatian greywackes, or very sim i lar
rocks, could have been the source ma te rial for the gra nitic protoliths of the KIM orthogneisses.
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IN TRO DUC TION

 The Karkonosze–Izera Mas sif (KIM), as de fined by
Mazur (1995) but pre vi ously termed the Izera–Karko-
nosze Block (Mierzejewski & Oberc-Dziedzic, 1990), is
the larg est geo log i cal unit in the West Sudetes (SW Po -
land). This mas sif lies at the east ern end of the Lusatian–
Izera Mas sif, as de fined by ¯elaŸniewicz & Aleksandrow-
ski (2008), and at the NE edge of the Bo he mian Mas sif.
The KIM con sists of a num ber of struc tural units that have 
been in ter preted as a nappe com plex (Mazur, 1995; Mazur
& Kryza, 1996; Mazur & Aleksandrowski, 2001, and ref er -
ences therein). One of these units is the Izera–Kowary

Unit, and this com prises the larg est and, struc tur ally, most 
in ter nal meta mor phic unit of the KIM. To gether with the
west ern part of the Lusatian–Izera Mas sif, which lies
adjacent to the NW, the Izera–Kowary Unit rep re sents
the pre-Variscan con ti nen tal base ment of the Saxothu-
ringian Ba sin (Mazur & Aleksandrowski, 2001). The
Izera–Kowary Unit was later in truded by the Variscan
Karkonosze gran ite, which acts to sep a rate the Izera Com -
plex in north ern part of the KIM from the meta mor phic
com plexes of the east ern and south ern parts of the mas sif.



The Izera–Kowary Unit is com posed pre dom i nantly
of metagranites and gneiss es that have been dated, us ing a
va ri ety of meth ods, at 515–480 Ma (Borkowska et al.,
1980; Korytowski et al., 1993; Kröner et al., 2001; Ol i ver et 
al., 1993; ¯elaŸniewicz, 1994). The gneiss es of the Izera–
Kowary Unit are them selves known un der sev eral dif fer -
ent re gional names: ei ther the Izera gneiss es or the unde-
formed Rumburk/Izera gran ites in the Izera Com plex
(Oberc-Dziedzic, 1988); the Karkonosze gneiss es in the
south ern part of the KIM in the Czech ter ri tory (Chalou-
pský et al., 1989); and the Kowary gneiss es on the east -
ern/south east ern side of the Karkonosze gran ite (Teisse-
yre, 1973).

Petrographic, geo chem i cal and iso to pic ev i dence all
sup port a crustal der i va tion of the gneiss protoliths
(Oberc-Dziedzic et al., 2005; Pin et al., 2007). Some in for -
ma tion about the age of the source ma te ri als for these
protoliths has come from zir con ages that were ob tained
mainly by the multigrain- and zir con-evap o ra tion tech -
niques (Kröner et al., 2001; Ol i ver et al., 1993) and, oc ca -
sion ally, by the SHRIMP method (Oberc-Dziedzic et al.,
2010).

The orthogneisses of the Izera–Kowary Unit are as so -
ci ated with mica schists. These mica schists have been in -
ter preted as a meta mor phic en ve lope in truded by the
gneiss protoliths (e.g. Oberc-Dziedzic, 2003). How ever,
new data by Oberc-Dziedzic et al. (2010) sug gest that the
protoliths of the gneiss es and quartzofeldspathic rocks,

which are em bed ded in the mica schists in the south ern
part of the KIM (likely as volcaniclastic in ter ca la tions),
have broadly the same age of ~ 500–490 Ma. Both the
protoliths of the gneiss es and the quartzofeldspathic rocks
have been in ter preted as prod ucts of bi modal magmatism
con nected with late Cam brian and early Or do vi cian rift -
ing at the mar gin of the fu ture Saxothuringian “terrane”
(Kryza & Pin, 1997; Oberc-Dziedzic et al., 2005; Pin et al.,
2007, Oberc-Dziedzic et al., 2010). Hav ing a sim i lar age as
the gneiss es, the mica schists are prob a bly not the orig i nal
coun try rocks to the ~ 500 Ma gran ite in tru sions. The
close struc tural prox im ity of the gneiss es and the schists is
prob a bly the re sult of tec tonic jux ta po si tion (Oberc-Dzie-
dzic et al., 2010). Whether this in ter pre ta tion is also valid
for the other mica schists as so ci ated with the orthognei-
sses in other parts of the KIM is a sub ject for fur ther geo -
chron ol ogi cal in ves ti ga tions.

In this pa per, we pres ent new U-Pb SHRIMP zir con
ages from two sam ples of the Izera gran ites and com pare
them with pre vi ously pub lished SHRIMP data for the
Kowary gneiss es and quartzofeldspathic rocks of the
Izera–Kowary Unit (Oberc-Dziedzic et al., 2010). Fur ther -
more, us ing both pre vi ously pub lished Nd-iso to pic sys -
tem at ics (Kröner et al., 2001; Crowley et al., 2002;
Linnemann et al., 2004; Oberc-Dziedzic et al., 2005) and
our new Nd-iso to pic data, we at tempt to better con strain
the prov e nance and evo lu tion of the protolith source ma -
te ri als for the gneiss es and mica schists.

GEO LOG I CAL SET TING

The Karkonosze–Izera Mas sif (KIM) (Fig. 1) is com -
posed of Neoproterozoic?–Palaeozoic metasedimentary
rocks and lower Palaeozoic metagranitoids, in ter preted as
a pile of four thrust units show ing dif fer ent lithostratigra-
phy and meta mor phic his to ries. These four units have
been named, from bot tom to top, as fol lows: (l) the Izera–
Kowary Unit, (2) the Ještìd Unit, (3) the South Karko-
nosze Unit, and (4) the Leszczyniec Unit (Mazur, 1995;
Mazur & Kryza, 1996; Mazur & Aleksandrowski, 2001;
but see also other in ter pre ta tions by Kodym & Svoboda,
1948; Oberc, 1972; Seston et al., 2000; Kozdrój et al., 2001
and Kozdrój, 2003). The Variscan Karkonosze pluton has
been dated at be tween 304 Ma and 328 Ma (Pin et al., 1987; 
Duthou et al., 1991; Kröner et al., 1994; Marheine et al.,
2002; Machowiak & Armstrong, 2007; Kusiak et al.,
2008a, b), but co mes into di rect, in tru sive con tact only
with the Izera–Kowary Unit.

The low est and ap par ently autochthonous Izera–
Kowary Unit is com posed of orthogneisses and mica
schists. The gneiss es them selves have been re gion ally sub -
di vided into the Izera, Kowary and Karkonosze ortho-
gneiss vari ants, all sep a rated by the Karkonosze pluton.
The Izera orthogneisses have been dated at 515–480 Ma us -
ing a range of meth ods: whole rock Rb–Sr (Borkowska et
al., 1980); U-Pb multigrain zir con age (Korytowski et al.,
1993; Ol i ver et al., 1993; ¯elaŸniewicz, 1994); and the zir -

con evap o ra tion method and 207Pb/206Pb mean ages
(Kröner et al., 2001). The Kowary orthogneiss has been
dated at ~ 492–481 Ma us ing a U-Pb multigrain zir con age 
(Ol i ver et al.. 1993) and at 487 ± 8 Ma us ing the SHRIMP
method (Oberc-Dziedzic et al., 2010). The Karkonosze
orthogneiss has a sim i lar age of 501 ± 1 Ma and 503 ± 1
Ma, as de ter mined us ing the zir con evap o ra tion method
and 207Pb/206Pb mean ages (Kröner et al., 2001). The sim i -
lar petrographic, geo chem i cal and tex tural fea tures, as well 
as nearly iden ti cal ages of the Izera, Kowary and Karko-
nosze orthogneisses, strongly sug gest that they de rived
from one mag matic body.

The Izera, Karkonosze and Kowary gneiss es are ac -
com pa nied by mica schists. As with the orthogneisses,
these schists have dif fer ent names in dif fer ent parts of the
KIM: to the north of the Karkonosze gran ite there are the
Z³otniki Lubañskie schists, the Stara Kamienica schists
and the Szklarska Porêba schists; to the south of this gran -
ite are the Velká Úpa Group schists; and to the east ern side 
of the gran ite is the Czarnów Schist For ma tion. Nev er the -
less, the avail able data does not rule out that all these
schists could be long to one and the same se ries, i.e., the
Velká Úpa Group (Oberc-Dziedzic et al., 2010). The Velká 
Úpa Group was orig i nally named by Chaloupský (1965)
for a schist “se ries” in the south ern part of the KIM that
com prises an ~ 1,000 m thick, mo not o nous mica schist
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“se ries” sub di vided into two sec tions by a lithologically
var ie gated suc ces sion of mica schists, ac com pa nied by
quartz ite, graph ite schist, mar ble, calc-sil i cate rocks and
am phi bo lite (Chaloupský et al., 1989). Mazur (1995) con -
sid ered the Czarnów Schist For ma tion as equiv a lent to the 
var ie gated mem ber of the Velká Úpa Group. How ever,
the geo log i cal po si tion of the Czarnów Schist For ma tion
is still a mat ter of de bate (see Smulikowski, 1999).

A sup po si tion that all schists of the Izera–Kowary
Unit could be long to one and the same se ries seems to be

sup ported by num ber of ar gu ments: sim i lar petrographic
fea tures of the Stara Kamienica schists and the Velká Úpa
schists (Chaloupský et al., 1989); sim i lar ages of the
quartzofels path ic rock from the Velká Úpa Group
(Oberc-Dziedzic et al., 2010) and the porphyroid (meta-
rhy o lite) from the Rychory schist se ries (Bendl & Pa-
toèka, 1995), which is con sid ered by Kozdrój (2003) as the
south ern con tin u a tion of the Czarnów Schist For ma tion.

In the north ern part of the KIM, the Izera–Kowary
Unit is rep re sented by the Izera Com plex (Fig. 1) com -
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Fig. 1. Geo log i cal sketch map of the Karkonosze–Izera Mas sif (based on Chaloupský et al., 1989; Mazur, 1995; Mazur & Aleksan-
drowski, 2001; Oberc-Dziedzic, 2003). Ab bre vi a tions are as fol lows: Main map: KIM (Karkonosze–Izera Mas sif); In set map: EFZ (Elbe
Fault Zone), ISF (Intra-Sudetic Fault), MGH (Mid-Ger man High), MO (Moldanubian Zone), MS (Moravo-Silesian Zone), NP (North -
ern Phyllite Zone), OFZ (Odra Fault Zone), RH (Rhenohercynian Zone), SBF (Sudetic Bound ary Fault), SX (Saxothuringian Zone),
TB (Teplá–Barrandian Zone). Rect an gle shows the po si tion of the KIM within the Bo he mian Mas sif. Sam ple lo ca tions: Lusatian
greywackes (Ta ble 1, Ta ble 2): ZGORZ = N50o9’12’’, E15o1’12’’; WL = N51o5’10’’, E15o8’31’’; mica schists (Ta ble 1, Ta ble 2): ZL1, ZL2
= N51o1’2’’, E15o20’4’’; KROB1, KROB2 = N50o55’44’’, E15o20’41’’; KROM = N50o54’21’’, E15o33’44’’; ZAKR = N50o50’59’’,
E15o31’39’’; SD1 = N50o45’17’’, E15o46’20’’; LUB1 = N51o1’21’’, E15o31’50’’; PIL1, PIL2 = N50o57’54’’, E15o38’24’’; LESZ =
N50o47’21’’, E15o53’56’’; quartzofeldspathic rock (Ta ble 2): B3 = N50o45’41’’, E15o17’50’’; Kowary orthogneisses (Ta ble 2): K1 =
N50o47’12’’, E15o51’56’’; PKOW = N50o46’2’’, E15o51’42’’; Izera gran ites (SHRIMP, Ta ble 3): CH = N50o59’1’’, E15o27’20’’; WR1 =
N50o56’5’’, E15o39’59’’; GPS co or di nates are given in WGS 84.



posed mainly of two sets of rocks de rived from the
515–480 Ma intrusives (Borkowska et al., 1980; Kory-
towski et al., 1993; Ol i ver et al., 1993; ¯elaŸniewicz, 1994). 
These in tru sive-de rived rocks are di vided into two broad
tex tural va ri et ies: (1) coarse-grained va ri et ies, rep re sented
by flat-lensoid gneiss es, streaky lam i nated gneiss es, augen-
lam i nated gneiss es, augen gneiss es grad ing into gran ite-
gneiss es (with a weak gneissic tex ture) and por phy ritic
coarse-grained gran ites; (2) fine-grained va ri et ies, rep re -
sented by fre quently por phy ritic fine-grained gran ites and
gneiss es. The fine-grained gran ites form nar row, aligned
bod ies within the coarse-grained gneiss es.

At the NW edge of the KIM, the Izera gneiss es are jux -
ta posed with granodioritic gneiss es, dated at 533 ± 9 Ma
by the U-Pb method (¯elaŸniewicz et al., 2004) and cor re -
spond ing to the undeformed Lusatian granodiorites in -
trud ing the Neoproterozoic Lusatian greywackes (Fig. 1).

All the tex tural gneiss va ri et ies en close lenses of
coarse-grained, por phy ritic gran ites, the so-called Izera, or
Rumburk, gran ites. These lenses are con sid ered as ei ther
rem nants of undeformed gra nitic protoliths of the
coarse-grained gneiss es, or as in tru sions into the Lusatian
granodiorite (Ebert, 1943; Domeèka, 1970; ¯elaŸniewicz
et al., 2003; ¯elaŸniewicz et al., 2004). The coarse-grained
gneiss es and gran ites lo cally con tain small (up to sev eral

me ters thick) youn ger, but var i ously de formed, mafic
dykes.

The mica schists of the Izera Com plex form three
belts em bed ded within the Izera gneiss es, each up to sev -
eral hun dred me ters thick (Fig. 1): The Z³otniki Lubañskie 
Belt is in the north ern part of the KIM, the Stara Kamie-
nica Belt is in the cen tral part, and the Szklarska Porêba
Belt is in the south ern part. The schists of the Z³otniki
Lubañskie Belt are dif fer ent in com po si tion from the
schists of the two other belts. They are rather sim i lar to
the Lausatian greywackes (Berg, 1935; Koz³owski, 1974;
Oberc-Dziedzic, 1988; Chaloupský et al., 1989) and prob a -
bly rep re sent their meta mor phic equiv a lents. This cor re la -
tion is sup ported by the zir con ages of 640–620 Ma and
580–557 Ma ob tained from metatuffite in ter ca la tions in
the Z³otniki Lubañskie schists (¯elaŸniewicz et al., 2003),
which cor re spond to zir con ages from volcanogenic in ter -
ca la tions in the Lausatian greywackes (Gehmlich et al.,
1997).

The rocks of the Izera–Kowary Unit ex pe ri enced pro -
gres sive me dium tem per a ture–me dium pres sure meta mor -
phism, up to low am phi bo lite fa cies con di tions, lo cally
over printed by con tact meta mor phism caused by the
Karkonosze in tru sion (Kryza & Mazur, 1995).

AN A LYT I CAL METH ODS

New ma jor-, trace-, and rare earth el e ment data were
ob tained from 12 whole-rock sam ples of mica schists and
one whole-rock sam ple of the Lusatian greywacke. The
anal y ses were per formed at Actlabs, Can ada, us ing com -
bined x-ray flu o res cence (XRF) and in duc tively cou pled
plasma–mass spec trom e try (ICP–MS) tech niques and ap -
ply ing this lab o ra tory’s “LITHORES 4” rou tine (Fig. 1;
Ta ble 1).

Eight sam ples of mica schist and 2 sam ples of Lusatian
greywacke – one of which had pre vi ously been ana lysed
for ma jor-, trace- and rare earth el e ments (WL sam ple,
Oberc-Dziedzic et al., 2005) – were ana lysed for Sm-Nd
iso topes, fol low ing the pro ce dures in Pin & Santos Zaldu-
egui (1997). The an a lyt i cal data are listed in Ta ble 2, to -
gether with ini tial 143Nd/144Nd ra tios ex pressed as eNdi

val ues, cor rected for in situ de cay of 147Sm, as sum ing an
age of 500 Ma for the mica schists (Oberc-Dziedzic et al.,
2010) and 570 Ma for the greywackes (c.f. Linnemann et
al., 2004), and with model ages rel a tive to the de pleted
man tle model of De Paolo (1981a, b).

Two sam ples of the rel a tively undeformed Izera gran -
ites from Chmieleñ (sam ple CH) and Wrzeszczyn (sam ple 

WR1) were se lected for geo chron ol ogi cal stud ies (Fig. 1).
Petrographic, geo chem i cal and iso to pic data on these two
sam ples have al ready been pub lished (see the CH and
WR-1 sam ples in Oberc-Dziedzic et al., 2005).

The se lected sam ples, each ~ 5 kg in weight, were
crushed and the heavy min eral frac tion (0.06–0.25 mm)
was sep a rated us ing stan dard heavy liq uid and mag netic
sep a ra tion tech niques. Zir cons were hand picked un der a
mi cro scope, mounted in ep oxy resin and pol ished; trans -
mit ted and re flected light pho to mi cro graphs were taken,
as well as cathodoluminescence and back scat tered elec -
tron im ages of the zir cons in or der to se lect spots on cer -
tain grains for in situ U-Pb anal y ses. The sen si tive high res -
o lu tion ion microprobe (SHRIMP II) at the All-Rus sian
Geo log i cal Re search In sti tute (VSEGEI) in St. Pe ters burg
was used to de ter mine zir con ages in the sam ples se lected.

SHRIMP an a lyt i cal de tails are given in the Ap pen dix.
Un cer tain ties for in di vid ual anal y ses (ra tios and ages) are
at the one s level; how ever, the un cer tain ties in cal cu lated
con cordia ages are re ported at the 2 s level. The re sults of
the zir con anal y ses are shown in Ta ble 3.

PE TROG RA PHY OF STUD IED SAM PLES

THE IZERA GRAN ITES

Sam ple WR1 (from Wrzeszczyn) rep re sents an al most 
undeformed coarse-grained va ri ety of the Izera gran ite,
whereas sam ple CH (from Chmieleñ) rep re sents a fine-
grained va ri ety of the Izera gran ite.

The coarse-grained Izera gran ite. This gran ite is a por -
phy ritic rock whose of ten blu ish-grey col our is due to the
tint of quartz and microcline. Microcline megacrysts are
3–5 cm long, lo cally ex ceed ing 10 cm, and are oc ca sion ally
man tled with white plagioclase rims. The coarse-grained
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ma trix is com posed of blue or grey quartz, plagioclase,
microcline, black bi o tite clus ters and pris matic pinite
pseudomorphs af ter cor di er ite, which are up to 2 cm in
length. Rect an gu lar plagioclase grains are fre quently
zoned, with cores more calcic (An17) than rims (An10).
Plagioclase cores are of ten re placed by epidote–seri cite ag -
gre gates; outer zones are of ten myrmekitic. Lo cally, the
outer parts of a plagioclase may con tain small gar nets, and
sim i lar gar nets may also be seen in large pinite pseudo -
morphs. Red dish-brown bi o tite en closes zir con, epidote
and opaque in clu sions. Bi o tite clus ters are ac com pa nied by 
large grains of ap a tite and by il men ite rimmed by leu co -
xene. The bi o tite is oc ca sion ally re placed by mus co vite
and epidote. The microcline of the groundmass al ways oc -
curs as xenomorphic grains; rel a tively large groundmass
micro clines are perthitic. The groundmass also con tains
fine-grained ag gre gates of quartz, bi o tite and plagioclase:
the lat ter are strongly al tered and there may be myrmekite 
pres ent where plagioclase is ad ja cent to microcline.

Sam ple WR1 (Fig. 1) co mes from a cor di er ite (pinite)-
gar net-bear ing va ri ety of this coarse-grained gran ite that
con tains lit tle to no microcline. This rock is com posed of
euhedral, strongly al tered plagioclase, rimmed by fine
myrmekite. Pinite is rel a tively abun dant and hosts nu mer -
ous gar net, and lo cally sillimanite, in clu sions. Gar net is
also en coun tered in the outer parts of plagioclase grains
and along mica clus ters.

The fine-grained Izera gran ite. The fine-grained gran ite
of sam ple CH (Fig. 1) is a grey rock with a weak or ab sent
pre ferred ori en ta tion. It con tains pheno crysts of quartz,
bi o tite, plagioclase and microcline and, lo cally, prisms of
pinite (Oberc-Dziedzic, 1988). The fine-grained ground-
mass (grain-size be low 0.5 mm) is com posed of plagioclase
and microcline both con tain ing abun dant quartz in clu -
sions. The outer parts of some of the microcline pheno -
crysts show a micrographic tex ture.

MICA SCHISTS

Rep re sen ta tive sam ples of mica schists from the Izera– 
Kowary Unit were taken from the larger out crops of the
re gion for com par a tive geo chem i cal and iso tope anal y sis
(Fig. 1).

All the mica schists ex am ined in this study con tain
var i ous pro por tions of quartz and mus co vite. How ever,
other petrographic char ac ter is tics, such as grain size, ad di -
tional min eral com po nents or meta mor phic grade, vary
between outcrops.

Mica schists of the Z³otniki Lubañskie Belt. These schists
are of a lower meta mor phic grade than other schists in the
Izera–Kowary Unit. Sam ple ZL1 con tains chlorite, al bite
and nu mer ous opaque min er als. Sam ple ZL2 is coarser-
grained, con tains bi o tite porphyroblasts and is poor in
opaque minerals.

Mica schists of the Stara Kamienica Belt. Schist sam ples
KROB1 and KROB2 are rich in mus co vite. They also con -
tain chlorite, bi o tite, chloritoid, gar net and un evenly dis -
persed cas sit er ite and sul fides. Some lay ers of schists are
ex cep tion ally rich in gar net (KROB2). Sam ple KROM is
rich in chlorite. Pinite is pres ent, as are porphyroblasts of

youn ger bi o tite and an da lu site. The opaque min er als are
the prod ucts of bi o tite de com po si tion, and op aques also
pen e trate the andalusite porphyroblasts.

Hornfelses of the Szklarska Porêba Belt. Hornfels sam ple 
ZAKR is a dark grey, mas sive rock com posed of cha ot i -
cally dis trib uted bi o tite, quartz, an da lu site, cor di er ite,
mag ne tite and rare, re versely zoned, plagioclase. An da lu -
site forms inter growths with K-feld spar and, less frequen-
tly, with cor di er ite, and is of ten ac com pa nied by large
plates of mus co vite. These rocks also contain relict garnet.

To ver ify pre vi ously pro posed re la tion ships be tween
the Z³otniki Lubañskie mica schists and the Lusatian
greywackes (Smulikowski, 1972; Koz³owski, 1974), rep re -
sen ta tive greywacke sam ples were analysed.

The Lusatian greywacke. This greywacke is rep re sented 
by two sam ples: sam ple WL1 from a crag at W³osieñ (Fig.
1), and sam ple ZGORZ, taken from the ex po sure at the
Zgorzelec rail way sta tion (not on Fig. 1). Sam ple WL1 was 
pre vi ously ana lysed for ma jor, trace and REE el e ments
(Oberc-Dziedzic et al., 2005). Both sam ples are fine-grai-
ned, lam i nated rocks com posed of quartz, rare plagioclase
and white mica.

Mica schists of the Velká Úpa Group. These schists are
ex posed south of the Karkonosze gran ite. The sam ple SD1 
rep re sents mica schists that were ther mally metamorpho-
sed at the con tact with the gran ite and which pre serve eas -
ily vis i ble fo li a tion and lineation. These schists are com -
posed of quartz, mus co vite, sillimanite, an da lu site and cor -
di er ite. The rocks also con tain small amount of plagioclase 
and K-feld spar. Opaque min er als are ar ranged in streaks
par al lel to the fo li a tion. An iso to pic anal y sis was per -
formed on sam ple B3 (Fig. 1), a quartzofeldspathic rock
that is em bed ded in the mica schists and that had pre vi -
ously been ana lysed for ma jor, trace and REE el e ments
and zir con SHRIMP ages (Oberc-Dziedzic et al., 2010).

Mica schists of the Czarnów For ma tion. These schists
oc cur in the east ern part of the Izera–Kowary Unit (Fig.
1). Sam ple LESZ shows a dis tinct fo li a tion de fined by
muscovite, quartz and rare ol ive-green bi o tite (Oberc-
Dziedzic & Oberc, 1972). The most char ac ter is tic fea ture
of these schists are al bite porphyroblasts that are up to 2
mm in size, con tain 6% An (Kryza & Mazur 1995) and are
usu ally untwinned. These porphyroblasts con tain nu mer -
ous in clu sions of nee dle-like rutile, of ten ar ranged in sig -
moid strips. Gar net forms small, partly chloritized grains.

The mica schists from the Czarnów For ma tion were
petro graphi cally cor re lated with mica schists that form a
nar row belt along the north ern bor der of the KIM, i.e., be -
tween the Izera Com plex and the Kaczawa Meta mor phic
Unit (Oberc-Dziedzic, 1966; Oberc-Dziedzic & Oberc,
1972). Sam ples of these schists from Pilchowice and from
Lubomierz (Fig. 1) were taken for a com par a tive study.

Mica schists from Pilchowice. These schists are rep re -
sented by sam ple PIL1, which was taken from the mid dle
part of the sam ple out crop, and sam ple PIL2, which was
taken close to the Izera gran ite. Sam ple PIL1 is com posed
of quartz and mus co vite ± chlorite and con tains al bite
porphyroblasts which, un like the al bite from the Czar-
nów For ma tion schists, do not have rutile in clu sions
(Oberc-Dziedzic & Oberc, 1972). Sam ple PIL2 con tains
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less mus co vite than PIL1. Fo li a tion is de fined by flat tened
grains of quartz, al bite and K-feld spar. This schist also
contains calcite.

Mica schists from Lubomierz. Schist sam ple LUB1 is a

fine-grained rock com posed of aligned mus co vite plates
with sub sid iary chlorite, elon gated grains of quartz and
rare al bite. Youn ger mus co vite porphyoblasts are obli-
quely ori ented rel a tive to the foliation.

BULK ROCK CHEM IS TRY

THE IZERA GRAN ITES AND GNEISS ES

Chem i cal anal y ses of ma jor, trace and rare earth el e -
ments of the Izera gran ites and gneiss es have been given in
Oberc-Dziedzic et al. (2005). Here, we sum ma rize these
pre vi ous data and re pro duce multi-el e ment and REE di a -
grams for the Izera gran ites and gneiss es and the Kowary
gneiss (Oberc-Dziedzic et al., 2010) in or der to com pare
them with the new data for the as so ci ated mica schists (Ta -
ble 1).

Ma jor el e ments
The Izera gran ites and gneiss es are gen er ally po tas -

sium-rich, al though me dium and low potassic va ri et ies are
known. Most of the gran ites and gneiss es are calcic and
peraluminous, with A/CNK in the range 1.0–1.63, and
with high nor ma tive co run dum (up to 3.5%). The SiO2

con tents are usu ally within the range of 70–77% but de -
crease to 65% in va ri et ies rich in bi o tite, pinite and gar net;
K2O con tents vary from 2% to more than 7%.

The geo chem i cal vari a tions of the Izera gran ites are re -
flected in their min eral com po si tion. A de crease in Al2O3,
MgO, FeOtot, TiO2, as well as Na2O and CaO, with in -
creas ing SiO2 and K2O, min er al og i cally co in cides with a
sys tem atic de crease in cor di er ite (pinite), bi o tite and
plagioclase con tents, and an in crease in K-feld spar. Such a
trend prob a bly re flects the mag matic dif fer en ti a tion
and/or re moval of restitic phases (Oberc-Dziedzic et al.,
2005). The SHRIMP-ana lysed sam ples rep re sent grani-
toids sit u ated at the be gin ning of this hy poth es ised dif fer -
en ti a tion trend (the cor di er ite/pinite-gar net-bear ing grani- 

toid, sam ple WR1), and at its end (the fine-grained granite,
sample CH).

Trace el e ments
Some trace el e ments, such as Rb, dis play no cor re la -

tion with SiO2, whereas oth ers, such as Ba and Sr, de crease 
with in creas ing SiO2. This trend sug gests some frac tion -
ation of the feld spar. Con cen tra tions of Zr, Th and Ce
gen er ally de crease with in creas ing SiO2, sug gest ing that
these el e ments were prob a bly re moved dur ing the frac -
tion ation of ac ces so ries like zir con and monazite. The
con cen tra tions of U and Pb gen er ally in crease with in -
creas ing SiO2, sug gest ing that these heavy el e ments con -
cen trated as in com pat i ble el e ments dur ing magma dif fer -
en ti a tion or pos si bly as a re sult of late-stage flu ids.

The multi-el e ment di a gram of trace el e ment con cen -
tra tions nor mal ized to chondrite (Fig. 2a) is char ac ter ised
by a flat, weakly frac tion ated sec tor of less in com pat i ble
el e ments, be tween Yb and Sm, and con sid er able in crease
in most in com pat i ble el e ments, from Nd to Rb. The par al -
lel dis tri bu tion of the pat terns strongly sug gests a ge netic
link be tween the gran ites and the gneiss es. The strongly
neg a tive Nb, Ta, Sr, P anom a lies and the neg a tive Ti
anom a lies in di cate frac tion ation pro cesses and/or scar city
of these com po nents in the source ma te ri als. The Nb and
Ta neg a tive anom a lies are usu ally con sid ered as typ i cal of
con ti nen tal crust ma te rial (Tay lor & McLennan, 1985).
The neg a tive Sr, P, Ti anom a lies re flect a highly evolved
magma and point to plagioclase, ap a tite, and il men ite frac -
tion ation and re moval. All sam ples show low ra tios of

8 T. OBERC-DZIEDZIC et al.

Fig. 2. (a) Chondrite-nor mal ized multi-el e ment di a gram, us ing the nor mal iza tion val ues of Thomp son (1982), and (b) chondrite-nor -
mal ized rare earth el e ment (REE) plot, us ing nor mal iza tion val ues of Nakamura (1974) with ad di tions from Haskin et al. (1968), for the
Kowary gneiss from the Izera–Kowary Unit (IKU) and from which one can com pare the val ues of the undeformed Izera/Rumburk
gran ites (shaded) from the north ern part of the IKU.



THE ORTHOGNEISS AND SCHIST COMPLEX OF THE KARKONOSZE–IZERA MASSIF 9

Ta ble 1
Ma jor (wt %) and trace el e ment (ppm) whole-rock anal y ses of mica schists from the Izera-Kowary Unit

and the Lusatian greywackes

 ZL1 ZL2 KROB1 KROB2 KROM ZAKR SD1 LUB1 PIL1 PIL2 LESZ ZGORZ WL

SiO2 58.44 60.96 64.37 51.58 58.9 49.04 63.69 61.88 63.61 68.75 66.04 61.81 64.75

TiO2 0.653 1.003 0.836 0.747 0.538 0.995 0.913 0.657 0.826 0.673 0.671 0.781 0.79

Al2O3 19.27 20.69 17.22 22.14 18.89 29.85 18.5 19.03 17.46 14.78 15.49 17.92 15.59

Fe2O3 6.89 5.92 8.4 11.97 9.03 8.92 6.04 5.23 5.57 4.68 6.72 6.02 5.59

MnO 0.046 0.043 0.042 0.047 0.078 0.233 0.045 0.019 0.057 0.048 0.152 0.039 0.06

MgO 2.96 1.94 1.38 2.03 1.93 2.51 1.5 2.3 2.3 1.75 1.84 2.35 2.42

CaO 0.35 0.17 0.16 0.76 0.29 0.37 0.26 0.24 0.54 1.03 0.39 0.57 1.07

Na2O 3.47 0.68 0.2 0.27 0.53 0.94 0.69 1.27 2.73 2.42 2.14 2 2.09

K2O 3.95 4.89 4.01 5.03 4.67 5 4.99 4.53 3.96 3.12 3.07 3.96 3.63

P2O5 0.21 0.15 0.11 0.12 0.32 0.11 0.1 0.2 0.23 0.17 0.19 0.19 0.23

LOI 3.3 3.72 3.02 4.29 3.93 1.85 3,00 3.62 3.04 3.14 3.04 4.06 2.62

Sum 99.54 100.2 99.75 98.99 99.11 99.83 99.73 98.98 100.3 100.6 99.75 99.71 98.84

A/NK 1.9 3.2 3.7 3.8 3.2 4.3 2.8 2.7 2.0 2,0 2.3 2.4 2.1

A/CNK 1.8 3.1 3.5 3,0 2.9 3.9 2.6 2.6 1.8 1.6 2,0 2.1 1.7

Sc 16 17 15 18 9 22 15.8 16 15 12 15 16 13

Be 3 3 3 4 3 6 5 4 3 3 3 3 3

V 108 118 102 136 52 141 95 115 100 80 92 113 71

Co 18 12 13 42 11 23 18 10 12 14 17 9 24

As 2.9 4.1 3.5 20.7 2.9 < 0.5 3.2 26.3 4.1 21.5 < 0.5 4.6 15

Cr 72 87 75 93 26 120 78 84 74 63 59 71 53

Sb < 0.2 0.2 0.8 0.7 < 0.2 0.3 0.4 1.2 0.4 0.8 0.5 2 1.8

Cu 17 2 2 174 15 7 22 28 22 41 18 40 18

Pb 4 < 3 6 12 20 45 < 3 158 14 12 18 13 34

Ni 46 37 35 53 12 60 47 21 29 29 33 34

Zn 72 26 20 49 121 133 36 372 70 81 74 69 90

Cd < 0.5 < 0.5 < 0.5 0.7 < 0.5 < 0.5 0.8 1 < 0.5 < 0.5 < 0.5 < 0.5

Ga 26 26 26 35 25 38 23 27 22 19 23 26 19

Ge 1.5 2.1 1.9 1.6 1.2 3.3 2.2 1.7 1.3 1.1 2.1 1.7 1.5

Rb 221 223 241 212 285 291 269 180 114 109 156 134 132

Sr 67 33 23 53 33 123 53 71 155 112 80 94 187

Y 23.3 35.4 24.3 42.3 33.8 25.3 34.1 35.7 29.1 25.2 26 33 24.8

Zr 187 229 181 241 255 134 224 163 261 248 150 174 193

Nb 11.4 16 13.8 15.9 11 15.2 19.7 14.8 12.4 10.7 12.3 13.4 13

Mo < 2 7 < 2 6 < 2 4 < 2 3 3 < 2 5 6

Ag < 0.3 0.4 < 0.3 0.4 < 0.3 0.5 < 0.3 0.4 < 0.3 < 0.3 < 0.3 < 0.3

In 0.2 0.1 0.3 0.6 0.6 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1

Sn 8 7 41 107 8 5 7 3 3 3 4 4 3

Cs 4.5 3.9 10.3 6.6 5.8 22.7 17.6 5.1 3.8 2.6 12.4 6.7 4.7

Ba 929 791 514 723 491 917 438 975 1011 1019 623 1107 987

Hf 5 6.2 5.2 6.7 7 3.9 6.6 4.7 6.7 6.4 4.1 5 6

Ta 1.17 2.13 1.84 3.14 1.9 3.25 2.28 1.8 1.7 1.63 1.93 1.32 1.01

W 16.1 23.9 31.7 60 30.4 78.7 48.3 24.4 30.6 43.3 52.1 16.3

Tl 1.2 0.89 1.12 0.68 1.34 1.48 1.5 1.16 0.55 0.52 0.69 0.71 0.86

Bi 0.9 0.3 5.2 36.7 0.2 0.2 0.5 0.2 0.2 0.4 0.8 1.1 0.2

Th 10.5 13.9 12.6 15.3 12.8 21.7 15.9 11.1 10.6 10.1 11.6 12.2 11.4

U 2.76 3.42 3.63 4.23 6.02 3.62 3.85 4.01 2.8 2.44 2.14 3.7 3.02

La 18.2 42.4 40 59 14.5 71.2 47,00 44 40.9 38.5 39.8 36.2 35

Ce 61.9 83.4 85.1 127 35.6 137 91.4 94.1 86.5 78.7 81.9 81.6 74.7

Pr 4.38 10.1 9.07 13.9 4.15 13.2 11.2 10.1 9.06 8.36 8.58 8.88 7.35

Nd 15.9 38.7 34.3 52.6 15.9 46.2 40.8 38 35 32.2 32.3 34.7 30.4

Sm 3.31 7.14 6.38 10.2 3.66 7.04 7.88 7.49 6.67 5.96 6.08 6.88 6.21

Eu 0.823 1.53 1.44 2.84 0.795 1.68 1.68 1.45 1.54 1.46 1.36 1.38 1.35

Gd 3.27 5.77 4.81 8.1 3.6 5.28 6.53 6.05 5.34 4.97 4.99 5.78 5.6

Tb 0.6 1.04 0.8 1.36 0.87 0.86 1.03 1.1 0.94 0.82 0.86 1.03 0.86

Dy 3.79 6.23 4.44 7.76 5.74 4.9 6.04 6.08 5.34 4.7 4.9 5.84 4.87

Ho 0.77 1.24 0.88 1.44 1.12 0.92 1.2 1.15 1.03 0.89 0.93 1.12 0.9

Er 2.33 3.76 2.69 4.05 3.44 2.74 3.65 3.51 2.98 2.67 2.64 3.31 2.72

Tm 0.371 0.573 0.396 0.581 0.559 0.423 0.561 0.53 0.44 0.4 0.378 0.513 0.417

Yb 2.41 3.73 2.55 3.64 3.56 2.89 3.42 3.37 2.82 2.57 2.4 3.29 2.62

Lu 0.363 0.575 0.392 0.504 0.523 0.448 0.476 0.489 0.403 0.39 0.363 0.488 0.424

S REE 118.417 206.188 193.248 292.975 94.017 294.781 222.867 217.419 198.963 182.59 187.481 191.011 173.4

LaN/YbN 5.05 7.6 10.49 10.84 2.72 16.47 9.19 8.73 9.7 10.02 11.09 7.36 8.93

Eu/Eu* 0.77 0.73 0.8 0.96 0.67 0.85 0.72 0.66 0.79 0.82 0.76 0.67 0.7



Zr/Nb (18.5–4.5) and Nb/Th (0.58–1.44) and most sam -
ples also show low ra tios of Ce/Pb (1.6–3.30, though Pb is
con sid ered as po ten tially mo bile dur ing meta mor phism),
which is also a char ac ter is tic of con ti nen tal crust (Hof-
mann, 1988; Wedepohl et al., 1991; Nutman et al., 1999).

Rare earth el e ments (REE)
In the Izera gran ites, the ab so lute abun dances of to tal

REE are 101–159 ppm in both the coarse-grained and
fine-grained gran ites (Oberc-Dziedzic et al., 2005). Rare
earth el e ment val ues are higher in the gar net–cor di er ite
and bi o tite-rich granitoids; they are con sid er ably lower in
the gneiss es and very low in the bi o tite-poor or ab sent
gran ites. Chondrite-nor mal ized REE pat terns (Fig. 2b) are 
very sim i lar in all sam ples. Typ i cally, they dis play flat
heavy rare earth el e ment (HREE) pat terns and a dis tinct
en rich ment in light rare earth el e ments (LREE): (La/Yb)N

1.93–5.51. In all sam ples, ex cept those of bi o tite schlieren,
the (La/Yb)N ra tio de creases with de creas ing CeN, as ex -
pected when monazite frac tion ation oc curs. In con trast,
the HREE frac tion ation with chang ing REE con tent is
very lim ited. This sug gests that zir con frac tion ation did
not play a sig nif i cant role in pro duc ing the fi nal REE val -

ues for these rocks. All spec i mens show a dis tinct neg a tive
Eu/Eu* anom aly (0.11–0.43).

Sm-Nd iso topes
The Izera gran ites and gneiss es dis play a large range of

147Sm/144Nd ra tios (0.13–0.22; Ta ble 2), which is ten ta -
tively in ter preted as the frac tion ation of a LREE-rich ac -
ces sory phase (prob a bly monazite), lead ing to a pro gres -
sive in crease of Sm/Nd ra tio in the re sid ual liq uid. Ini tial
eNd val ues (Ta ble 2; Fig. 3) show a lim ited scat ter, from
–5.2 to –6.9 (mean: –5.9, SD = 0.6). The low est eNd value
(–6.9) was ob served in metasomatically al tered leucogra-
nite. Izera gran ite TDM model ages fall within a fairly nar -
row range (1.73–2.175 Ga; mean: 1.89 Ga; Ta ble 2; Fig. 3).

MICA SCHISTS AND THE LUSATIAN
GREYWACKES

Chem i cal anal y ses of schists and greywacke are shown 
in Ta ble 1. The ta ble in cludes the pre vi ously pub lished
anal y ses of sam ple WL1 (Oberc-Dziedzic et al., 2005).
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Ta ble 2
Nd and Sm iso to pic data for mica schists, quartzofeldspathic rocks, gran ites and orthogneisses from the Izera-Kowary

Unit and the Lusatian greywackes

 Rock Sam ple
Sm

ppm
Nd

ppm
147Sm/144Nd 143Nd/144Nd eNd0 eNd500 Ma eNd570 Ma TDM (Ga) An a lyst/References Sm/Nd

1 Lusatian
greywacke (Pl)

ZGORZ 7.11 36.6 0.1173 0.511967 (3) -13.1 -7.1 -7.4 1.70
C. Pin, this study

0.19

2 WL 6.31 33.2 0.1149 0.511953(4) -13.4 -8.2 -7.5 1.68 0.19

3 greywacke
Lausitz Anticl.

Teu 01 6.4 32.8  0.512021(4)   -6.3  Linnemann & Romer
(2002)

0.2

4 Vog 01 5.01 27.6  0.511863(5)   -8.8  0.18

5

mica schist

ZL1 3.35 17.1 0.1186 0.511971 (4) - 13.1  -7.4 1.72

C. Pin, this study

0.2

6 ZL2 4.66 24.1 0.1168 0.512039 (4) - 11.7  -5.9 1.58 0.19

7 KROB1 4.69 25.4 0.1117 0.511979 (8) - 12.9 -7.5  1.59 0.18

8 ZAKR 7.11 48 0.0896 0.511874 (3) - 14.9 -8.1  1.44 0.15

9 SD1 7.79 41.7 0.1130 0.511961 (6) - 13.2 -7.9  1.64 0.19

10 LUB1 8.11 41.9 0.1169 0.511968 (4) - 13.1 -8  1.69 0.19

11 PIL1 6.28 33.7 0.1127 0.511941 (5) - 13.6 -8.3  1.66 0.19

12 LESZ 7.1 38.9 0.1104 0.511912 (7) - 14.2 -8.7  1.67 0.18

13

mica schist

98-18 6.24 33.81 0.1115 0.511981(6) -12.8 -7.4  1.80

Crowley et al. (2002)

0.18

14 98-20 3.62 19.54 0.1121 0.511937(8) -13.7 -8.3  1.86 0.19

15 98-21 4.5 22.49 0.1210 0.511991(6) -12.6 -7.8  1.78 0.2

16 quartzfelds B3 0.667 1.94 0.2077 0.512259(2) -7.4 -8.2  — C. Pin, this study 0.34

17

Izera
gran ites and

ortho
-gneiss es

SI 6.46 29.3 0.1332 0.512095(8) -10.6 -6.6  1.80

Oberc-Dziedzic et al.
(2005)

0.22

18 WR1 8.86 36.3 0.1475 0.512179(14) -9.0 -5.9  1.99 0.24

19 WR2 15.1 68 0.1345 0.512143(10) -9.7 -5.7  1.73 0.22

20 PL 6.15 27.2 0.1367 0.512160(7) -9.4 -5.5  1.75 0.23

21 CH 3.7 15.1 0.1481 0.512205(8) -8.5 -5.4  1.95 0.25

22 KO 1.09 2.97 0.2219 0.512372(7) -5.2 -6.9  - 0.37

23 KR 2.8 11 0.1537 0.512191(10) -8.8 -6.0  2.18 0.25

24 WI 2.58 10.9 0.1428 0.512196(7) -8.7 -5.2  1.82 0.24

25
Rumburk gran -

ite

CS3 1.44 5.01 0.1734 0.512290 -6.8 -5.4  2.9

Kröner et al. (2001)

0.29

26 CS4 2.23 9.25 0.1458 0.512290 -6.8 -3.6  1.7 0.24

27 CS5 5.06 27.02 0.1132 0.512151 -9.5 -4.2  1.4 0.19

28  Karkonosze
ortho-

gneiss es

CS6 8.58 42.81 0.1211 0.512151  -4.7  1.5

Kröner et al. (2001)

0.2

29 CS7 4.45 22.82 0.1179 0.512125  -5  1.5 0.2

30 CS8 2.38 8.229 0.1751 0.512307  -5.1  3.0 0.29

31
Kowary

orthogneisses

K1 2.73 11.1 0.1492 0.512226 (4) -8.1 -5.1     1.93

C. Pin, this study

0.25

32 PKOW 1.34 5.07 0.1598 0.512251 (4) -7.6 -5.2  
2.25

(Tchur: 1.61)
0.26



Ma jor el e ments
The SiO2 con tents in the schists vary be tween ~ 49%

(sam ple ZAKR) to 68% (PIL1), whereas in the grey-
wackes the range is far more re stricted, 61.8–64.8%. The
wide range of Al2O3 (15–30%) in the mica schists cor re -
sponds to vari able mica con cen tra tions in these rocks. The 
Al2O3 con tents in the greywackes are 15.6–18.0%. The
Na2O val ues (0.2–3.47) re flect the amount of al bite in the
mode. There are roughly equal con cen tra tions of Mg in all 
these schists, but it is note wor thy that there is a con sid er -
ably higher amount of Fe in the mica schists of the Stara
Kamienica and Szklarska Porêba belts com pared to the
other mica schists and greywackes. Thus, the el e vated
amount of Fe may re flect the pres ence of non-sil i cate Fe
min er als, e.g., mag ne tite (sam ple ZAKR) or sulphides
(KROB2).

Chem i cal com po si tions of the mica schists from the
Izera–Kowary Unit and the Lusatian greywackes were
com pared with those of typ i cal sed i men tary rocks. In the
scheme of Pettijohn et al. (1972), the Lusatian greywackes
(ZGORZ, WL), the mica schists from the north ern part of 
the KIM (PIL1, PIL2, LUB1), the mica schists from the
east ern part of the KIM (LESZ), and one sam ple of the
Z³otniki Lubañskie schists, all plot within the greywacke
field (Fig. 4a). The re main ing sam ples (KROB1, KROB2)
are rich in mus co vite and fall be yond this field or even be -
yond the di a gram. In the SandClass sys tem of Herron
(1988), all the sam ples fall into the shale field, ex cept for
sam ple PIL2 which lies in the wacke field (Fig. 4b).

THE ORTHOGNEISS AND SCHIST COMPLEX OF THE KARKONOSZE–IZERA MASSIF 11

Fig. 3. eNd ver sus Sm/Nd data com piled for gneiss es, mica schists and quartzofeldspathic rock from the Izera–Kowary Unit and for
the Lusatian greywackes.

Fig. 4. Chem i cal com po si tion of mica schists from the Izera–Kowary Unit and the Lusatian greywackes plot ted us ing (a) the Pettijohn
scheme (Pettijohn et al., 1972) and (b) the SandClass sys tem (Herron, 1988).
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Fig. 5. Multielement di a grams for mica schists from the Izera-Kowary Unit and the Lusatian greywackes. (a) Chondrite-nor mal ized
multi-el e ment di a gram; nor mal iza tion val ues of Thomp son (1982). (b) Chondrite-nor mal ized rare earth el e ment (REE) plot; nor mal iza -
tion val ues of Nakamura (1974) with ad di tion from Haskin et al. (1968). (c) Up per crust-nor mal ized multi-el e ment di a gram; nor mal iza -
tion val ues of McLennan et al. (2006). (d) Up per crust-nor mal ized REE plot; nor mal iza tion val ues of Tay lor & McLennan (1985). (e)
North Amer i can Shale Com pos ite (NASC)-nor mal ized multi-el e ment di a gram; nor mal iza tion val ues of Gromet et al. (1984). (f)
NASC-nor mal ized REE plot; nor mal iza tion val ues of Gromet et al. (1984) with ad di tions from Haskin et al. (1968).



Trace el e ments
The mica schists and greywackes dis play, in most

cases, strik ingly sim i lar con cen tra tions and ra tios of trace
and rare earth el e ments (Ta ble 1, Fig. 5), in de pend ent of
lithostratigraphic unit. The great est de vi a tions from the
gen eral geo chem i cal trend oc cur for mica schists within a
given unit (e.g. KROB1, KROB2 and KROM) or even
within the same ex po sure (KROB1, KROB2 and ZL1,
ZL2). On di a grams of trace el e ment con cen tra tions nor -
mal ized to chondrite (Fig. 5a), all the schist sam ples show
a neg a tive Nb anom aly, con sid ered as typ i cal of the con ti -
nen tal crust (Tay lor & McLennan, 1985). The dis tinct Sr
anom aly (Figs. 5a, 5c, 5e) re flects the low con cen tra tion of
this el e ment in the schists (23–155 ppm) and greywackes
(94 and 187 ppm), com pared with chondrite val ues (11,800 
ppm; Thomp son, 1982), up per crustal val ues (350 ppm;
McLennan et al., 2006) and North Amer i can Shale Com -
pos ite (NASC) val ues (142 ppm; Gromet et al., 1984). The
di a grams of trace el e ment con cen tra tions (Fig. 5c), nor -
mal ized to up per con ti nen tal crust (McLennan et al., 2006) 
and to NASC (Gromet et al., 1984), show nearly the same
pat terns.

The plot of REE nor mal ized to chondrite (Fig. 5b) is
char ac ter ized by en rich ment in LREE, the pres ence of a
small neg a tive Eu anom aly and a flat, nearly hor i zon tal
HREE sec tion. The pat terns of REE plots nor mal ized to
up per crust (Fig. 5d) and NASC (Fig. 5f) are nearly iden ti -
cal: they are very sim i lar for nine of the 13 sam ples and
show flat LREE and HREE pat terns and a small pos i tive
Eu anom aly. The REE con cen tra tion plots for sam ples
KROB2, ZAKR, ZL1 and KROM have not only more
com plex pat terns, re flect ing dif fer ent pro por tions of par -
tic u lar el e ments, but also higher (KROB2 and ZAKR) and
lower (ZL1 and KROM) bulk con cen tra tions com pared
with the av er age REE con tents. Sam ples KROB2 and
ZAKR con tain sig nif i cant amounts of opaque min er als,
whereas sam ples ZL1 and KROM, which are depleted in
LREE, have considerable contents of chlorite.

The REE dis tri bu tion pat tern in an “av er age” meta-
sed i men tary schist is par al lel to the REE pat tern of the
con ti nen tal crust (Tay lor & McLennan, 1985; McLennan
et al., 2006). Mica schists in gen eral dis play a con sid er able
ho mo ge ne ity in their REE pat terns, with only slight dif -
fer ences for schists of dif fer ent ages. Our geo chem i cal data 
from the Izera–Kowary Unit mica schists seem to sup port
this gen eral ob ser va tion: there are no sig nif i cant dif fer -
ences in the REE pat terns for schists rep re sent ing dif fer ent 
tectonostratigraphic units, in spite of their pos si bly dif fer -
ent ages. The gen eral sim i lar ity of the REE plots for the
Neoproterozoic, unmetamorphosed Lusatian greywackes
and for the mica schists sug gests that meta mor phic pro -
cesses do not dis turb REE pro por tions (Mayer et al., 1996,
1997). How ever, these pro por tions can be mod i fied by flu -
ids, which may cause chloritization or sericitization (e.g.
in sam ple KROM), or by the crys tal li za tion of opaque
min er als (KROB2 and ZAKR). The spe cific REE pat tern
for sam ple ZL1 may reflect an admixture of mafic volcani-
clastic material in the protolith.

The trace and rare el e ment con cen tra tions and pro -
por tions may pro vide in for ma tion on the or i gin of the

metamorphic rocks. On the Eu/Eu* vs GdN/YbN di a gram 
(Tay lor & McLennan, 1995; Fig. 6), all the sam ples of the
Izera–Kowary Unit and of the Lusatian greywackes fall
within the field of ac tive mar gin sed i ments. This field
over laps with the field of cratonic sed i ments into which
fall the Lusatian greywacke sam ples ZGORZ and WL and
the schist sam ples LUB1, SD1, and ZL2.

In the La/Th ver sus Hf di a gram (Fig. 7), which aims
to show sources and compositional dis crim i na tion be -
tween turbiditic sand stones (Floyd & Leveridge, 1987),
the mica schists of the Izera–Kowary Unit and the
Lusatian greywackes plot in the acid arc source. The dis -
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Fig. 6. Plot Eu/Eu* ver sus GdN/YbN for mica schists of the
Izera–Kowary Unit and the Lusatian greywackes. The grey field
cor re sponds to the “cratonic” sed i men tary rocks of var i ous ages
(Tay lor & McLennan, 1995; McLennan et al., 2006).

Fig. 7. Izera–Kowary Unit mica schists and Lusatian grey-
wackes plot ted on the La/Th ver sus Hf di a gram for source and
compositional dis crim i na tion of turbiditic sand stones (Floyd &
Leveridge, 1987).



crim i na tion di a grams for the Izera–Kowary Unit schists
and the Lusatian greywackes (Figs. 6 and 7) sug gest that
the protoliths for these rocks came from ac tive mar gin, or
geochemically sim i lar, settings.

Sm-Nd iso topes
The mica schists from the Izera–Kowary Unit dis play

a very nar row range of 147Sm/144Nd ra tios (0.111–0.118),
an ex cep tion be ing sam ple ZAKR which shows an even
lower value (0.089). Ini tial eNd500 val ues dis play a lim ited
scat ter, from –7.4 to –8.7 (mean: –7.9, SD = 0.7). The
high est value (–5.9) was ob served in sam ple ZL1, which is
prob a bly de rived from a protolith con tain ing a vol cano-
genic com po nent (Ta ble 2).

TDM model ages of the schists are very sim i lar (1.44–
1.72 Ga; mean of 1.62 Ga) (Ta ble 2). They cor re spond ex -
actly to the ap par ent crustal res i dence ages of 1.4 to 1.7 Ga
as de fined by Liew & Hofmann (1988) for meta mor phic
rocks, sed i ments and granitoids of the Hercynian Fold
Belt of Europe.

The Lusatian greywackes have sim i lar 147Sm/144Nd ra -
tios (0.115 and 0.117, Ta ble 2) as the mica schists. The
eNd570 val ues of –7.4 and –7.5 for the Lusatian greywackes
are sim i lar to the mica schists and greywackes from the
Lusatian Anticline (Linnemann & Romer, 2002). TDM val -
ues of 1.7 and 1.68 are close to the higher val ues ob tained
for the mica schists (Ta ble 2).

SHRIMP ZIR CON STUDY

The rock types sam pled for SHRIMP anal y sis were
the Izera fine-grained por phy ritic gran ite from Chmieleñ
(CH, Fig. 1) and the coarse-grained cor di er ite/pinite-gar -
net-bear ing gran ite from Wrzeszczyn (WR1, Fig.1). All
the ages for both rock types are quoted with er rors at the

95% con fi dence level (2 s). The 207Pb/206Pb ages are, in
most cases, very im pre cise, there fore the 206Pb/238U ages
are pre ferred. These lat ter ages are more pre cise when the
de gree of dis cor dance is small.
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Fig. 8. Cathodoluminescence im ages of zir cons an a lyzed from the orthogneiss of Chmieleñ (sam ple CH). Var i ous mor pho log i cal
types and var i ous in ter nal struc tures are rep re sented (see text for fur ther ex pla na tion). An a lyt i cal points in di cated by el lip ses (note that
mag ni fi ca tion is slightly dif fer ent from grain to grain; an ap prox i mate scale bar is given); the iden ti fy ing spot num bers cor re spond to
those in Ta ble 3; 206Pb/238U ages and one s er rors are given.



SAM PLE CH: IZERA FINE-GRAINED
POR PHY RITIC GRAN ITE FROM
CHMIELEÑ

Gen eral zir con char ac ter is tics
Euhedral, nor mal- to long-pris matic zir con crys tals

pre dom i nate. They are trans par ent and colour less, with
rather sim ple (grains 1, 7, 14) or strong (grains 5, 12)
zonation (Fig. 8). Some oth er wise mor pho log i cally sim i lar 
zir con grains may dis play in dis tinct or ir reg u larly struc -
tured in te ri ors (grains 2, 11, 16), while oth ers con tain
rounded or ir reg u lar cores (grains 6, 8, 18). Parts of some
crys tals (grains 17, 18) dis play a spe cific, bar rel-shape mor -
phol ogy, with two well-de vel oped pyr a mids, {101} and
{211}. Around 10% of the grains are cathodoluminescent
bright (grains 2, 9, 10, 15), and a sim i lar pro por tion are
bro ken, per haps due in part to the sep a ra tion pro ce dure.

Age group ings of the CH zir cons
The ages that were de ter mined for the Izera zir cons

from sam ple CH, based on a to tal of 22 an a lyzed points,
fall into four groups.

Group 1: 1.95–3.4 Ga
The old est ana lysed zir con yielded a slightly re versely

dis cor dant data point with a 206Pb/238U age of 3442 ± 94
Ma (2 s) and a 207Pb/206Pb age of 3368 ± 18 Ma, which
gives a more ro bust min i mum es ti mate of the ini tial zir -
con age. This very old grain is subhedral and is very bright
un der cathodoluminescence (CL) (Ta ble 3; Fig. 9a). The
sec ond old est age is from an oval-shape core (grain 6.2),
which gave a sig nif i cantly re versely dis cor dant data point
(D = –11%) (Ta ble 3). The 207Pb/206Pb age of 1953 ± 46
Ma is in ter preted as the most re al is tic min i mum age of
that grain, which has a euhedral over growth with a
206Pb/238U age of 508 ± 8 Ma.

Zir con grains 12.1 and 17.1 show a pos i tive dis cor -
dance (D = +10 and +50, re spec tively), and their 207Pb/
206Pb ages (704 and 983 Ma) should be treated as min i mum
ages. Zir con grain 2.1 has a neg a tive dis cor dance (D = –12) 
due to its very im pre cise 207Pb/206Pb ra tio (Ta ble 3). For
this rea son, the 206Pb/238U age of 614 ± 22 Ma for grain 2.1
pro vides a min i mum es ti mate of the crystallization age.

Group 2: Min i mum ages be tween 509 and 538 Ma
This group com prises five points with only small de -

grees of nor mal dis cor dance and, con se quently, their
206Pb/238Pb ages are treated as min i mum es ti mates of the
crys tal li za tion event: grain 14.1 = 520 ± 17 Ma (D = +7);
grain 13.2 = 525 ± 17 Ma (D = +8); grain 4.1 = 529 ± 18
(D = +9); grain 13.1 = 509 ± 18 (D = +14); grain 10.1 =
538 ± 18 (D = +13) (Fig. 9b). Four of these points are lo -
cated in in ter nal, in dis tinctly struc tured and CL mod er -
ately bright parts of crys tals; one (13.2) is in a rim. They all 
dis play mod er ate 232Th/238U ra tios, be tween 0.16 and 0.42,
and low com mon Pb con cen tra tions.

Three grains have nearly con cor dant data points, with 
the fol low ing 206Pb/238U ages: grain 5.1 = 517 ± 16 Ma
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Fig. 9. (a) Con cordia di a gram show ing re sults of SHRIMP II zir -
con anal y ses from the orthogneiss of Chmieleñ, sam ple CH; (b)
mean 206Pb/238U age cal cu lated for four nearly con cor dant points
around 500 Ma.



(D = –3); grain 18.1 = 522 ± 18 Ma (D = –1); grain 16.1 = 
538 ± 17 (D = –3). These points rep re sent dif fer ent parts
of the ana lysed zir con crys tals: the first (grain 5.1) is in a
CL dark mar gin, whereas the two oth ers are in a CL
bright core (grain 18.1) and a CL dark core (16.1). There is
also a con trast be tween these grains in their 232Th/238U ra -
tios: grain 5.1 = 0.09; grain 18.1 = 0.24; grain 16.1 = 0.20.

Group 3: ~ 500–508 Ma, av er age con cordia age 503.9 ±
8.3 Ma (2s)

This group com prises four an a lyt i cal points (Fig. 9c)
with slightly dis cor dant ages: grain 3.1 = 500 ± 18 Ma (D
= + 4); grain 4.2 = 503 ± 16 Ma (D = –5); grain 8.1 = 507
± 17 Ma (D = +3); grain 6.1 = 508 ± 16 (D = –3). All
these points are lo cated in mar ginal parts of crys tals and all 
have low 232Th/238U ra tios be tween 0.08 and 0.18. These
fea tures in di cate a pos si ble late-stage mag matic or meta -
mor phic or i gin for these zir con mar gins.
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Ta ble 3
SHRIMP data for the gran ite from Chmieleñ, sam ple CH, and gran ite from Wrzeszczyn, sam ple WR1

Spot
Name

206Pbc

%
U

ppm
Th

ppm

232Th/
238U

206Pb*
ppm

(1)Age
206Pb/

238U
Ma

±

(1) Age
207Pb/
206Pb
Ma

±
D
%

(1)207Pb*/
206Pb*

±. %
(1)207Pb*/

235U
±. %

(1)206Pb*/
238U

± %
err

corr

CH 1.1 - 644 43 0.07 41.0 461.2 13.7 499 29 8 0.0572 1.3 0.58 3.3 0.0742 3.1 0.920

CH 11.1 7.37 459 207 0.46 29.6 433.2 8.9 426 437 -2 0.0553 19.6 0.53 19.7 0.0695 2.1 0.107

CH 17.1 0.35 1009 784 0.80 65.6 468.4 7.5 469 44 0 0.0564 2.0 0.59 2.6 0.0754 1.7 0.639

CH 7.1 - 535 37 0.07 35.3 477.5 8.5 485 27 2 0.0568 1.2 0.60 2.2 0.0769 1.8 0.830

CH 3.1 0.13 252 30 0.12 17.5 499.5 9.2 518 56 4 0.0577 2.6 0.64 3.2 0.0806 1.9 0.597

CH 4.2 0.04 676 61 0.09 47.1 502.8 8.1 479 28 -5 0.0567 1.3 0.63 2.1 0.0811 1.7 0.802

CH 8.1 0.31 210 36 0.18 14.8 507.1 8.6 520 63 3 0.0577 2.9 0.65 3.4 0.0818 1.8 0.523

CH 6.1 0.11 377 29 0.08 26.6 507.7 8.3 494 45 -3 0.0571 2.0 0.64 2.6 0.0819 1.7 0.638

CH 13.1 0.26 282 113 0.42 20.0 509.0 8.9 581 68 14 0.0594 3.1 0.67 3.6 0.0822 1.8 0.504

CH 5.1 0.01 401 33 0.09 28.7 516.5 8.3 501 30 -3 0.0572 1.4 0.66 2.2 0.0834 1.7 0.776

CH 14.1 0.02 446 91 0.21 32.1 519.6 8.5 556 32 7 0.0587 1.4 0.68 2.2 0.0839 1.7 0.762

CH 15.1 0.20 199 74 0.38 14.4 519.8 9.0 434 65 -17 0.0555 2.9 0.64 3.4 0.0840 1.8 0.525

CH 18.1 0.15 179 41 0.24 13.0 521.9 8.8 519 61 -1 0.0577 2.8 0.67 3.3 0.0843 1.7 0.532

CH 13.2 0.31 346 56 0.17 25.3 525.0 8.7 568 54 8 0.0590 2.5 0.69 3.0 0.0849 1.7 0.573

CH 4.1 0.08 280 67 0.25 20.6 529.1 8.8 579 44 9 0.0593 2.0 0.70 2.7 0.0855 1.7 0.651

CH 16.1 0.01 550 108 0.20 41.1 537.8 8.7 524 24 -3 0.0579 1.1 0.69 2.0 0.0870 1.7 0.835

CH 10.1 0.18 175 27 0.16 13.1 538.2 9.2 609 67 13 0.0601 3.1 0.72 3.6 0.0871 1.8 0.498

CH 2.1 0.89 182 183 1.04 15.8 614.2 11.0 540 163 -12 0.0583 7.5 0.80 7.7 0.1000 1.9 0.244

CH 12.1 0.13 192 35 0.19 17.2 639.5 11.1 704 51 10 0.0629 2.4 0.90 3.0 0.1043 1.8 0.606

CH 17.1 0.88 149 16 0.11 13.8 655.7 46.6 983 226 50 0.0719 11.1 1.06 13.4 0.1071 7.5 0.558

CH 6.2 0.06 368 154 0.43 129.1 2204.8 50.1 1953 23 -11 0.1198 1.3 6.73 3.0 0.4078 2.7 0.905

CH 9.1 0.02 72 35 0.50 43.4 3441.6 48.0 3368 9 -2 0.2809 0.6 27.32 1.9 0.7055 1.8 0.948

WR1 14.1 0.50 716 36 0.05 45.1 453.7 11.9 497 65 10 0.0571 2.9 0.57 4.0 0.0729 2.7 0.680

WR1 11.1 525 158 0.31 34.8 480.3 7.6 516 27 7 0.0576 1.2 0.61 2.1 0.0774 1.7 0.798

WR1 8.1 0.47 235 55 0.24 15.8 484.3 8.4 496 73 2 0.0571 3.3 0.61 3.8 0.0780 1.8 0.474

WR1 5.1 0.10 446 82 0.19 30.1 486.8 7.8 467 32 -4 0.0564 1.5 0.65 2.5 0.0822 1.7 0.657

WR1 7.1 0.34 127 34 0.27 8.6 488.1 8.5 535 72 10 0.0582 3.3 0.63 3.7 0.0787 1.8 0.485

WR1 16.1 0.54 244 36 0.15 16.6 489.2 8.1 441 72 -10 0.0557 3.2 0.61 3.7 0.0788 1.7 0.471

WR1 16.2 0.02 1753 26 0.02 118.9 489.9 8.0 482 14 -2 0.0567 0.6 0.62 1.8 0.0790 1.7 0.936

WR1 6.2 0.17 207 31 0.16 14.1 490.8 8.4 497 58 1 0.0571 2.6 0.62 3.2 0.0791 1.8 0.561

WR1 6.1 0.25 238 62 0.27 16.2 491.9 8.3 532 57 8 0.0581 2.6 0.63 3.1 0.0793 1.8 0.558

WR1 10.1 0.20 235 78 0.34 16.2 495.5 8.4 486 47 -2 0.0568 2.2 0.63 2.8 0.0799 1.8 0.633

WR1 2.2 0.26 235 31 0.14 16.2 497.1 8.2 565 65 14 0.0589 3.0 0.65 3.4 0.0802 1.7 0.502

WR1 13.1 0.27 337 66 0.20 23.3 498.4 9.1 560 37 12 0.0588 1.7 0.65 2.6 0.0804 1.9 0.744

WR1 17.1 0.00 407 28 0.07 28.4 503.6 8.0 506 27 0 0.0574 1.2 0.64 2.1 0.0812 1.7 0.802

WR1 17.2  - 204 55 0.28 14.2 504.3 8.4 561 65 11 0.0588 3.0 0.66 3.5 0.0814 1.7 0.499

WR1 8.2 0.04 904 54 0.06 63.5 506.4 8.1 498 65 -2 0.0572 3.0 0.64 3.4 0.0817 1.7 0.490

WR1 4.1 0.06 361 32 0.09 25.5 509.0 8.2 522 42 3 0.0578 1.9 0.65 2.5 0.0822 1.7 0.657

WR1 12.1 0.14 339 34 0.10 24.0 509.9 9.0 550 36 8 0.0585 1.7 0.66 2.5 0.0823 1.8 0.742

WR1 1.1 0.04 609 67 0.11 43.5 514.5 8.3 525 26 2 0.0579 1.2 0.66 2.0 0.0831 1.7 0.817

WR1 2.1 0.25 384 26 0.07 27.6 516.8 8.3 514 51 0 0.0576 2.3 0.66 2.9 0.0835 1.7 0.587

WR1 15.1 0.10 502 188 0.39 39.3 562.6 8.9 585 30 4 0.0595 1.4 0.75 2.2 0.0912 1.7 0.764

WR1 9.1 0.48 316 151 0.49 25.3 572.5 9.4 477 94 -17 0.0566 4.3 0.73 4.6 0.0929 1.7 0.373

WR1 3.1 0.84 42 81 2.00 10.7 1669.2 71.7 1766 72 6 0.1080 4.0 4.40 6.3 0.2955 4.9 0.777

Er rors are 1 s; Pbc and Pb* in di cate com mon and ra dio genic por tions. re spec tively. Er ror in Stan dard cal i bra tion was 0.47% ( not in cluded in above
er rors but re quired when com par ing data from dif fer ent mounts).
(1) Com mon Pb cor rected us ing mea sured 204Pb.



Group 4: ~ 461–478 Ma
These youn gest grains (ex clud ing point 11.1, which

has an ex tremely large er ror and high Pbc con tent of
7.37%) are all rea son ably con cor dant (D be tween 0 and
+8%) with the fol low ing 206Pb/238U ages: grain 1.1 = 461
± 27 Ma (D = +8); grain 17.1 = 468 ± 15 Ma (D = 0);
grain 7.1 = 478 ± 17 Ma (D = +2). The old est point in
this group was mea sured in the core of a euhedral and
rather structureless crys tal, whereas the re main ing three
were found in the rims of zoned euhedral crys tals. The
chem i cal and iso to pic char ac ter is tics of these three points
are di verse: 232Th/238U var ies from 0.07 to 0.80. The old est
point is close, within an a lyt i cal er ror, to Group 3. The
sim plest in ter pre ta tion is that the points com pris ing
Group 4 re flect grains be long ing to the older groups, but
which suf fered vari able de grees of ra dio genic lead loss.

Con clu sions for the CH zir cons
1. The Izera fine-grained por phy ritic gran ite from

Chmieleñ (sam ple CH) con tains one in her ited zir con of
Archean age (3.4 Ga), which is also one of the old est zir -
cons found in the Bo he mian Mas sif; one of Palaeoprotero-
zoic age (~ 2.0 Ga); and two of Neoproterozoic age, but
with rather im pre cise min i mum ages of ~ 600–700 Ma.
The lat ter two points are rel a tively dis cor dant.

2. Sam ple CH con tains a dis tinct pop u la tion of zir -
cons that are 500–508 Ma old. Their fea tures sug gest that
they are late-stage mag matic (or even meta mor phic) zir -
cons. A few 206Pb/238U ages are older, ~ 517–538 Ma, and
these may rep re sent ei ther in her i tance of zir cons of that
age or re sult from an a lyt i cal over lap ping of the main pop -
u la tion of ~ 500 Ma with older zircons.

3. The youn gest zir con ages for sam ple CH are rather
widely dis persed be tween 461 and 478 Ma, with two
points at ~ 465 Ma. These youn gest ages are mostly found 
in the very rims of grains, prob a bly re flect ing vari able de -
grees of ra dio genic lead loss from ~ 500 Ma or older
zircons.

SAM PLE WR1: THE COARSE-GRAINED
COR DI ER ITE/PINITE-GAR NET-BEAR ING
GRAN ITE FROM WRZESZCZYN

Gen eral zir con char ac ter is tics
The zir cons are nor mal-pris matic, euhedral, rarely

subhedral or bro ken, and mostly colour less and trans par -
ent (Fig. 10). Grains 2.4, 2.5, 2.6, 2.8 and 2.9., among oth -
ers, have a spe cific “rounded” bar rel shape, in di cat ing the
pres ence of two pyr a mids, {101} and {211}. Many grains
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Fig. 10. Cathodoluminescence im ages of zir cons an a lyzed from the orthogneiss of Wrzeszczyn (sam ple WR1). An a lyt i cal points in di -
cated by el lip ses (ap prox i mate scale bar is given); the iden ti fy ing spot num bers cor re spond to those in Ta ble 3; 206Pb/238U ages and one s
er rors are given.



dis play reg u lar re cur rent zonation (grains 2.12, 2.4, 2.5,
2.6, 2.7, 2.8). In a few crys tals, a core-type struc ture is pres -
ent ei ther as a rounded body (grains 2.7 and 2.9), or a CL
dark, more ir reg u lar field (grains 2.14 and 2.2). Grains 2.10 
and 2.3 are ex cep tion ally CL bright; grain 2.3 has a dis tinc -
tive oval habit.

Age group ings of the WR1 zir cons
The ages that were de ter mined for the Izera zir cons

from sam ple WR1, based on a to tal of 22 an a lyzed points,
fall into three groups.

Group 1: Min i mum age of ~ 1.8 Ga
One grain, 3.1, yielded a mod er ately dis cor dant data

point with a Palaeoproterozoic min i mum 207Pb/206Pb age
of 1766 ± 144 Ma (Ta ble 3, Fig. 11a). This grain is ex cep -
tional: rounded in shape, very CL bright and with a thin
dark over growth. It is rel a tively U-poor (42 ppm) and has
a very high 232Th/238U ra tio of 2.0.

Group 2: Min i mum ages of ~ 560–580 Ma
A sin gle grain, 15.1, gives a slightly dis cor dant point

with a 206Pb/238U age of 563 ± 18 Ma, iden ti cal within an a -
lyt i cal un cer tainty to its 207Pb/206Pb age of 585 ± 60. This
sug gests a late Neoproterozoic crys tal li za tion age. Ano-
ther grain, 9.1, with a sim i lar 206Pb/238U age of 572 ± 18
Ma, shows a re verse dis cor dance of –17, which is in ter -
preted to re flect the im pre cise de ter mi na tion of 207Pb
(207Pb/206Pb age of 477 ± 184 Ma). Both 15.1 and 9.1 points 
are within weakly struc tured and mod er ately CL bright
cores. Both are rel a tively high in Th (188 and 155 ppm),
with mod er ate 232Th/238U ra tios of 0.39 and 0.49,
respectively.

Group 3: Con cor dant ages of ~ 484–517 Ma
Six an a lyt i cal points (grains 12.1, 17.2, 13.1, 2.2, 6.1

and 7.1) have 206Pb/238U ages dis persed be tween ~ 488 and 
510 Ma (Ta ble 3, Fig. 11b).Their nor mal de gree of dis cor -
dance, be tween +8 and +10, is prob a bly in sig nif i cant, tak -
ing into ac count the large an a lyt i cal un cer tainty of
207Pb/206Pb ages (typ i cally ± 60 to 130 Ma, at the 95% con -
fi dence level). The same in ter pre ta tion might hold for the
dis cor dant grain 11.1, which has a min i mum 206Pb/238U
age of 480 ± 16 Ma and a 207Pb/206Pb age of 516 ± 54 Ma
(D = +7): some ra dio genic lead loss can not be pre cluded.
The 7 points of this group are lo cated both in cores and
rims of zir con crys tals, and they all have rather con stant
and not too high 232Th/238U ra tios of 0.10 to 0.31.

A clus ter of 10 an a lyt i cal points (grains 2.1, 1.1, 4.1,
8.2, 17.1, 10.1, 6.2, 16.2, 5.1, and 8.1) have nearly con cor -
dant ages and are widely scat tered be tween 484 and 517
Ma; dis cor dance var ies be tween –4 and +3. The av er age
con cordia age for this group is 503 ± 5 Ma (2 s) (Fig. 11c).
How ever, the old est ages could be “con tam i nated” by
over lap with in her ited por tions of crys tals as well as with
their youn ger parts; thus, grains with slight nor mal dis cor -
dance may, in fact, be a lit tle older. The an a lyt i cal over lap
ques tion can not be re solved with out ana lys ing a larger set
of grains and/or in creas ing the de gree of age res o lu tion
per mit ted by the SHRIMP tech nique. The 10 points are
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Fig. 11. Con cordia di a gram show ing re sults of SHRIMP II zir -
con anal y ses from the orthogneiss of Wrzeszczyn, WR1.



lo cated both in in ter nal and mar ginal parts of zir con
grains, with var i ous CL bright ness and struc tural pat terns. 
They have rather low 232Th/238U ra tios (0.07–0.34) with
the min i mum value of 0.02 in point 16.2, which is also rel -
a tively high in U and may sig nify late-mag matic or meta-
morphic zir con over growth.

Fi nally, grain 14.1 has a CL dark core and gives a
youn ger 206Pb/238U age of 454 ± 24 Ma. It has a rel a tively
high Pbc of 0.50% and very low 232Th/238U ra tio of 0.05.
This grain also has a high pos i tive dis cor dance, in di cat ing
that the true age is prob a bly ap prox i mated by the min i -
mum 207Pb/206Pb age of ~ 500 Ma.

Con clu sions for the WR zir cons
1. In her ited com po nents in the coarse-grained cor di er -

ite/pinite-gar net-bear ing gran ite from Wrzeszczyn (sam -

ple WR1) com prise three ages: one at 1.8 Ga, and two at ~ 
563 Ma. The lat ter two come from two sim i lar grains,
with sim i lar chem i cal and iso to pic fea tures, sug gest ing
that these zir cons grew dur ing the Cadomian orog eny.

2. The ma jor groups of zir cons in sam ple WR1 yielded 
an av er age con cordia age of 503 ± 5 Ma. Their rather wide 
dis per sion of ages, from 484 to 517 Ma, may re flect a pro -
longed mag matic/meta mor phic crys tal li za tion. Sec ond ary 
dis tur bances could have been caused by, for ex am ple, de -
for ma tion and meta mor phism, or sim ply an a lyt i cal over -
lap with zir con do mains con tain ing a small inherited
component.

3. The sin gle youn ger 206Pb/238U age of 454 ± 24 Ma
found in the core of grain 14.1 prob a bly re flects ra dio genic 
lead loss from a ~ 500 Ma old zir con.

DIS CUS SION AND CON CLU SIONS

The main goal of our study was to show pet ro log i cal
and age re la tion ships be tween orthogneisses from dif fer -
ent parts of the Karkonosze–Izera Mas sif based on new
SHRIMP data and the re sults of pre vi ous geo chron ol ogy
(Ol i ver et al., 1993; Kröner et al., 2001; Oberc-Dziedzic et
al., 2010). We also wanted to shed light on an im por tant
prob lem in the KIM re gion, that of cor re lat ing the geo -
graph i cally dif fer ent mica schists that of ten sur round the
orthogneisses, as well as de ter min ing the re la tion ship be -
tween these mica schists and the Neoproterozoic Lusatian
greywackes (Fig. 1). We have ad dressed these prob lems, at
least in part, by in te grat ing geo chem i cal data and Nd-iso -
to pic char ac ter is tics of the orthogneisses, schists and grey-
wackes. Com bin ing all pub lished data (Kröner et al., 2001; 
Crowley et al., 2002; Linnemann et al., 2004; Oberc-
Dziedzic et al., 2005) and our new Nd iso to pic re sults (Ta -
ble 2), we try to an swer the ques tion of whether the
protoliths of the Lusatian greywackes and the mica schists
(or, more re al is ti cally, rocks sim i lar to them oc cur ring at
deeper crustal lev els) could have been the source ma te ri als
for the Izera–Kowary Unit gran ites (orthogneisses).

Cur rent opin ion is that the Izera and Kowary gneiss
(Fig. 1; K1) protolith has an ig ne ous char ac ter (¯elaŸnie-
wicz et al., 2003; Oberc-Dziedzic et al., 2003). Both the
gneiss es and their undeformed gran ite va ri et ies show sim i -
lar min eral com po si tion and may grade into sim i lar struc -
tural and tex tural fea tures. How ever, ig ne ous cor di er ite
(pinite) and gar net, which are fairly com mon in the Izera
gran ites, have not yet been re ported from the undeformed
va ri et ies of the Kowary gneiss. The Izera and Kowary
gneiss es are calc-al ka line and peraluminous rocks, with
fea tures typ i cal of S-type gran ites (Oberc-Dziedzic et al.,
2005; Pin et al., 2007; Oberc-Dziedzic et al., 2010). The
S-type char ac ter of the Izera and Kowary gneiss es is sup -
ported by their peraluminosity (A/CNK = 1.0–1.63 for
the Izera gneiss es/gran ites; 1.1 for the Kowary gneiss),
their high nor ma tive co run dum (up to 3.5% in the Izera
gneiss es/gran ites, and 1.8% in the Kowary gneiss), and
their high 87Sr /86Sr ini tial ra tios (Borkowska et al., 1980).
The Kowary gneiss and Izera gneiss es/gran ites are rel a -

tively rich in po tas sium. Ra tios of K2O/Na2O are com pa -
ra ble for both the Kowary gneiss (1.26, see Oberc-Dzie-
dzic et al., 2010) and the coarse-grained Izera gran ites (1.2–
1.8, see Oberc-Dziedzic et al., 2005). The Izera gneiss es/
gran ites and Kowary gneiss es also show sim i lar trace el e -
ment and REE char ac ter is tics. In chondrite-nor mal ized di -
a grams for se lected trace el e ments and REEs, the Ko- wary 
gneiss plots within the range of the Izera gneiss es/ gran ites 
(Fig. 2a, 2b), its lower part cor re spond ing to the strongly
de formed Izera gneiss es (Oberc-Dziedzic et al., 2005).

The eNd500 val ues of –5.2 to –6.9, and TDM-model ages
of 1.73–2.175 Ga ob tained for the Izera gran ites and gneiss -
es (Oberc-Dziedzic et al., 2005; Ta ble 2) are sim i lar to val -
ues for the Kowary gneiss es (–5.1 and –5.2, TDM = 1.93).
The eNd500 val ues given by Kröner et al. (2001) for other
equiv a lents of the Izera gneiss es, such as the Rumburk
gran ite (–4.2 to –5.4) and the Karkonosze gneiss es (–4.7 to
–5.1) ap proach to lower val ues of the Izera gran ites, but
the TDM-model ages of 1.4–3.0 Ga (Kröner et al., 2001) for
these equiv a lents are more dis persed.

The TDM ages be tween 1.50 and 1.93 Ga cal cu lated for
the gran ites and gneiss es of the Izera–Kowary Unit should
not be taken as ev i dence for their der i va tion from Mid-
Pro tero zoic crust. They more likely re flect the av er age of
sev eral de tri tal com po nents mixed into the granitoid
sources, al though no sig nif i cant man tle ma te rial was
added at the time of magma gen er a tion (Pin et al., 2007).

The SHRIMP data pre sented in this study are in a
good agree ment with pre vi ous sets of ob ser va tions and
data: the well es tab lished late Cam brian–early Or do vi cian
magmatism that took place in the West Sudetes; the dat ing 
of the Izera gneiss es at 515–480 Ma (Borkowska et al.,
1980; Korytowski et al., 1993; Ol i ver et al., 1993; ¯elaŸnie- 
wicz, 1994; Kröner et al., 2001); the sin gle-zir con ages of
the Karkonosze gneiss ob tained by the evap o ra tion and
va por trans fer meth ods (Kröner et al. 2001); and the
SHRIMP zir con dat ing of the Kowary gneiss (Oberc-
Dziedzic et al., 2010).

The best de fined pop u la tion of zir cons in the sam ples
from both Chmieleñ (CH) and Wrzeszczyn (WR1) in the
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Izera gneiss es is ~ 500 Ma old. Zir con char ac ter is tics sug -
gest that they are late-stage mag matic (or even meta mor -
phic) crys tals. The wide dis per sion of ages in sam ple WR1
may re flect a pro longed mag matic/meta mor phic crys tal li -
za tion, sec ond ary dis tur bances caused by, for ex am ple, de -
for ma tion and meta mor phism or, partly, an a lyt i cal over -
lap with in her ited zir cons. A few zir con ages in sam ple
CH are older, ~ 517–538 Ma, and these rep re sent ei ther
in her i tance of that age or they re sult from an a lyt i cal over -
lap ping of the main pop u la tion of ~ 503 Ma with older
do mains. How ever, the 535 Ma Izera gneiss re ported by
Korytowski et al. (1993) was in ter preted as the youngest
rock measured of the Lusatian granitoids.

The in her ited zir cons fall into three Pre cam brian pe ri -
ods: Palaeoarchean (up to 3.4 Ga, and rep re sent ing one of
the old est zir cons found in the Bo he mian Mas sif – sam ple
CH); Palaeoproterozoic (1.8 Ga – sam ple WR1) and Neo-
pro tero zoic (~ 556–609 Ma in sam ple CH, and 563 Ma in
sam ple WR1). The lat ter in di cate a Cadomian (Panafrican) 
age of zircon growth.

A pre vi ous zir con SHRIMP age of 487 ± 8 Ma has
been in ter preted as the in tru sion age of the protolith of
the Kowary gneiss es (Oberc-Dziedzic et al., 2010). This
age is com pa ra ble, within er ror, to the new ages for the
Izera gneiss es pre sented in this pa per and is sim i lar to the
U-Pb multigrain-zir con ages of ~ 492–481 Ma re ported
by Ol i ver et al. (1993). The in her ited com po nents in the
Kowary gneiss are rep re sented by one zir con core of
Palaeopro tero zoic age (2.0 Ga). Two zir cons that fall
within the “Cadomian range” (587–653 Ma) are sim i lar to
those doc u mented from the Izera gneisses.

The Izera and Kowary gneiss es are prod ucts of de for -
ma tion of the same group of mid Cam brian–lower Or do -
vi cian gran ites. How ever, their av er age ages dif fer by
about 15 Ma, which may re flect the du ra tion of early
Palaeozoic gra nitic magmatism.

The com plex age spec tra of in her ited zir cons that oc -
cur in the Izera–Kowary Unit gneiss es sup port the con clu -
sion that their TDM ages of be tween 1.50 and 1.93 Ga (Ta -
ble 2) do not give the “real” age of their source but, in -
stead, re flect the av er age of sev eral de tri tal com po nents
mixed into the granitoid sources (Pin et al., 2007). The in -
her ited zir cons that oc cur in these rocks (3.4 Ga, 1.95 Ga,
1.8 Ga, 0.65–0.54 Ga, see Oberc-Dziedzic et al., 2010 and
this study) point to the pres ence of old, most likely mul ti -
ply re cy cled, crustal com po nents in the source of the ~
500 Ma granitoid magma (Pin et al., 2007). In her ited ig ne -
ous zir cons of ~ 540 Ma sug gest a young depositional age
for any volcaniclastic sed i ments and/or the in tru sion age
of any S-type granitoids that them selves formed the source 
ma te ri als of the 500 Ma gra nitic magma (Pin et al., 2007).
How ever, this would be the case only if these ~ 540 Ma
zir cons are in ter preted in terms of in her i tance from the
deep-seated magma sources. Al ter na tively, these older
grains might be xeno crysts caught by the as cend ing melt
en route through the crust to its shallow emplacement
level.

The age of de po si tion of the Lusatian greywackes has
been es ti mated to be be tween 570 and 540 Ma (Linnemann 
et al., 2004). The spec trum of SHRIMP zir con ages in the

greywacke from Oßling (Linnemann et al., 2004) com -
prises Archean and Palaeoproterozoic ages rang ing from
2.4 to 1.9 Ga, and Neoproterozoic (”Cadomian”) ages of
~ 730–540 Ma. Sim i lar zir con ages of 640–620 Ma and of
580–557 Ma have been re ported from a metatuffite in ter ca -
la tion in the Z³otniki Lubañskie mica schists (¯elaŸnie-
wicz et al., 2003). The sim i lar ity of zir con ages from both
com plexes sup ports the hy poth e sis that the Z³otniki Lu-
bañskie schists are meta mor phic equiv a lents of the Lusa-
tian greywackes that have been em bed ded within the Izera 
gneiss es (Berg, 1935; Koz³owski, 1974; Oberc-Dziedzic,
1988; Chaloupský et al., 1989).

The age of mica schists from other out crops in the
Izera–Kowary Unit is un known. How ever, the new geo -
chron ol ogi cal data ob tained for the fel sic metavolcano-
genic quartzofeldspathic rock em bed ded into the mica
schists of the Velká Úpa Group in the east ern part of the
KIM in di cate that they are late Cam brian/early Or do vi -
cian rather than Neoproterozoic (Oberc-Dziedzic et al.,
2010). The zir con age spec tra are dis trib uted mainly be -
tween ~ 500 and 660 Ma (with a few Pro tero zoic in her -
ited min i mum ages of ~ 970 and 1825 Ma). Youn ger zir -
con dates, dis persed be tween ~ 412 and 464 Ma, are in ter -
preted as a re sult of Pb-loss likely caused by sub se quent,
but as yet un de fined, meta mor phism. Con se quently, the
fel sic meta vol can ic rocks and their en clos ing mica schists
ap pear to be roughly con tem po ra ne ous with, or pos si bly
youn ger than, the in tru sion of ~ 500 Ma orthogneiss pro-
toliths. The age of the mica schists ex posed along the
border of the KIM and the Kaczawa Unit is still uncertain.

Nev er the less, and de spite of the age dif fer ences, the
Lusatian greywackes and the mica schists of the Izera–
Kowary Unit dis play sim i lar geo chem i cal char ac ter is tics.
In the ma jor el e ment greywacke clas si fi ca tion schemes of
Pettijohn et al. (1972; Fig. 4a) and Herron (1988; Fig. 4b),
most Lusatian greywackes fall into the field of greywacke
and shale. The Lusatian greywackes and the mica schists
also show sim i lar trace el e ment and REE char ac ter is tics.
The pat terns in the chondrite-, up per crust-, and NASC-
nor mal ized multielement and REE di a grams are nearly
the same for most samples (Fig. 5).

In the bi nary plots Eu/Eu* vs. GdN/YbN (Tay lor &
McLennan, 1995; Fig. 6) and La/Th against Hf (Floyd &
Leveridge, 1987; Fig. 7), all sam ples of greywacke and
schist fall in the field of ac tive mar gin sed i ments (Fig. 6)
and acid arc sources (Fig. 7). This broadly agrees with pre -
vi ous as sess ments for the or i gin of the Lusatian grey-
wackes whereby they were thought to be de pos ited in a
con ver gent-mar gin ba sin off north ern peri-Gond wana
(Kemnitz, 2007). How ever, the youn ger sed i ments that
were trans formed into mica schists may rep re sent re -
worked older greywackes, with some ad mix ture of youn -
ger ma te ri als. Their ac tive mar gin sig na ture is, there fore,
likely to be mostly in her ited. It might also come from in -
ter ca la tions of tuffaceous greywackes de rived from re -
worked, older basic volcanic material (Kemnitz, 2007).

The geo chem i cal sim i lar ity of the Lusatian grey-
wackes and mica schists sug gests that both could have
been de rived from the same source. How ever, the pres -
ence of Cam brian–lower Or do vi cian prod ucts of within-
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plate vol ca nism, rep re sented by in ter ca la tions of quartzo-
feldspathic rocks and am phi bo lites in the mica schists, sup -
ports the idea that the protoliths of the mica schists de -
rived mainly from crustal rocks con tain ing an ad mix ture
of con tem po ra ne ous volcanic materials.

The Nd-iso to pic re cords in the Lusatian greywackes
and in the gneiss es of the Izera–Kowary Unit are very ho -
mo ge neous. The TDM range for the up per Neoproterozoic
greywackes is the same as for the up per Cam brian/lower
Or do vi cian gra nitic protoliths of the gneiss es. It may
point to sim i lar source ma te ri als of both rock types. In
con trast, the eNd500 val ues of the gneiss es, –5.2 to –6.9, are
dis tinctly higher than the eNd570 val ues of –6.8 to –8.8 and
the eNd500 val ues of –7.1 to –8.2 for the greywackes (Ta ble
2). Given the lack of ev i dence for any sig nif i cant in put of
di rect man tle ma te rial at the time of gra nitic magma gen er -
a tion, the shift of eNd val ues in the gneiss es may be caused 
by the ad di tion of volcaniclastic ma te ri als to the source
rocks of the gran ites. Such volcaniclastic ma te ri als are
pres ent as in ter ca la tions in the Lusatian greywackes. Con -
se quently, the Lusatian greywackes, or sed i ments of sim i -
lar char ac ter is tics, could have been the source rocks for
the gra nitic protoliths of the Izera–Kowary Unit gneiss es.
This in ter pre ta tion is sup ported by the com plex age spec -
tra of the in her ited zir cons that are typ i cally ob served in
these rocks.

In con clu sion, the data in this pa per re veal a close geo -
chem i cal sim i lar ity be tween all the mica schists in the
Izera–Kowary Unit and the Lusatian greywackes, which
could help in mak ing re gional cor re la tions and palaeo- tec -
tonic re con struc tions. The age spec tra of in her ited zir cons 
from the Izera gneiss es and these zir con’s Nd-iso to pic sig -
na tures, when com pared with the Lusatian greywackes,
sug gest that the Lusatian (or sim i lar) rocks could have
been the source ma te rial for the gra nitic protoliths of the
Izera–Kowary Unit orthogneisses.
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Ap pen dix: SHRIMP an a lyt i cal pro ce dure

In situ U-Pb anal y ses were per formed on a SHRIMP-II 
at the Cen tre of Iso to pic Re search (CIR) at the All-Rus sian 
Geo log i cal Re search In sti tute (VSEGEI); a sec ond ary elec -
tron mul ti plier in peak-jump ing mode was ap plied, fol -
low ing the pro ce dure de scribed in Wil liams (1998) and
Larionov et al. (2004). A pri mary beam of mo lec u lar ox y -
gen was em ployed to ab late the zir con and so sput ter sec -
ond ary ions. The el lip ti cal an a lyt i cal spots had a size of ~
27 × 20 µm; the cor re spond ing ion cur rent was ~ 4 nA.
The sput tered sec ond ary ions were ex tracted at 10 kV.
The 80 µm–wide slit of the sec ond ary ion source, in com -
bi na tion with a 100 µm mul ti plier slit, al lowed a mass-res -
o lu tion of M/DM > 5000 (1% val ley), thereby re solv ing
all pos si ble iso baric in ter fer ence. One-min ute rastering
over a rect an gu lar area of ~ 60 × 50 µm was em ployed be -
fore each anal y sis in or der to re move the gold coat ing and
pos si ble sur face com mon-Pb con tam i na tion.

The fol low ing ion spe cies were mea sured in se quence:
196(Zr2O)–204Pb–back ground Pb (~204 a.m.u)–206Pb–
207Pb–208Pb–238U–248ThO–254UO, with in te gra tion times
rang ing from 2 to 20 sec onds. Each spot un der went four
an a lyt i cal cy cles. Ev ery fifth anal y sis was car ried out on
the zir con Pb/U stan dard TEMORA 1 (Black et al., 2003)
that has an ac cepted 206Pb/238U age of 416.75 ± 0.24 Ma.
The 91500 zir con stan dard with a U con cen tra tion of 81.2
ppm and a 206Pb/238U age of 1062.4 ± 0.4 Ma (Wiedenbeck
et al., 1995) was ap plied as a “U-con cen tra tion” stan dard.
The col lected re sults were then pro cessed us ing the
SQUID v1.12 (Lud wig 2005a) and ISOPLOT/Ex 3.22
(Lud wig, 2005b) soft ware and de cay con stants of Steiger
and Jäger (1977). The com mon lead cor rec tion was done
us ing mea sured 204Pb ac cord ing to the model of Stacey and 
Kramers (1975).
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