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Ab stract Re cent geo chron ol ogi cal stud ies, in clud ing sen si tive high mass-res o lu tion ion microprobe (SHRIMP) zir con dat ing,
have helped to dif fer en ti ate into spe cific age groups the var i ous gneiss es that oc cur within the base ment units of the cen -
tral-Eu ro pean Variscides. The Fore-Sudetic Block base ment unit, for ex am ple, has been di vided into two ma jor gneiss
groups of Neoproterozoic and Cam brian/Or do vi cian age, re spec tively. These two gneiss groups have been as signed to
dif fer ent tec tonic units, them selves sep a rated by a ma jor tec tonic bound ary that is in ter preted to be the north ern con tin -
u a tion of the Moldanubian (Lugodanubian) Thrust. This thrust di vides the main tectonostratigraphic units of the Bo he -
mian Mas sif: the Moldanubian and Saxo-Thuringian units to the west, and the Moravo-Silesian unit to the east. This pa -
per in ter prets new SHRIMP zir con data from the Nowolesie gneiss at Skalice (sam ple S6) and in te grates the re sults with
data from the Strzelin gneiss at Dêbniki (sam ple S3), which is within the Strzelin Mas sif (E part of the Fore-Sudetic
Block). Both the Nowolesie and Strzelin gneiss es con tain nu mer ous in her ited zir cons within the age range of 1.5–2.0 Ga, 
in di cat ing Meso- and Palaeoproterozoic sources for the zir cons and sug gest ing that these zir cons were re cy cled into
youn ger units that sub se quently un der went par tial melt ing. The ages de rived from sam ples S6 and S3, to gether with the
ab sence of the Grenvillian ages (~1.3–0.9 Ga), sug gest a West-Af ri can and/or Am a zo nian cratonic crust as the source
for both the Nowolesie and Strzelin gneiss protoliths. The main zir con pop u la tions from both gneiss es fall into two sim -
i lar age groups: 602 ± 7 Ma and 587 ± 4 Ma for the Nowolesie gneiss; 600 ± 7 Ma and 568 ± 7 Ma for the Strzelin gneiss.
These sets of Ediacaran (late Neoproterozoic) dates pos si bly re flect anatexis of the gneiss protoliths dur ing the Cado-
mian orog eny.
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IN TRO DUC TION

RE GIONAL GEO LOG I CAL CON TEXT

The Fore-Sudetic Block (FSB), to gether with the
neighbouring Sudetes to the west, forms the NE part of
the Bo he mian Mas sif. Crys tal line rocks are poorly ex -
posed in the E part of the FSB, whereas the lithostratigra-
phic vari a tion is con sid er able (Fig. 1). For this rea son, new 
pet ro log i cal and geo chron ol ogi cal in ves ti ga tions are
needed to solve a range of geo log i cal prob lems of the NE
mar gin of the Bo he mian Mas sif and, on a wider scale, to
de ci pher the pre-orogenic and orogenic evo lu tion of the
Cen tral-Eu ro pean Variscides (e.g. Don, 1990; Matte et al.,
1990; Franke et al., 1993; Cymerman et al.,1997; Aleksan-
drowski et al., 2000; Fin ger et al., 2000; Schulmann &

Gayer, 2000; Franke & ¯elaŸniewicz, 2000; Timmermann 
et al., 2000; Oberc-Dziedzic et al., 2003b, 2005; Kryza et
al., 1996, 2004; ¯elaŸniewicz, 2003, 2005; Mazur et al.,
2006).

De spite many years of geo log i cal re search, there re -
main de bates con cern ing the gen e sis and ages of many FSB 
rock types, the def i ni tion of par tic u lar tectono-strati -
graphic units and the lo ca tion of some im por tant tec tonic
bound aries in that part of the Bo he mian Mas sif. For ex am -
ple, the Moldanubian Thrust zone, which is a pro nounced 
tec tonic bound ary sep a rat ing the in ter nal zones of the Bo -
he mian Mas sif from its ex ter nal part rep re sented by the
Moravo-Silesian Zone (Suess, 1926; Kossmat, 1927; Oberc, 
1957; Skácel, 1989), is better de fined to the south but not
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Fig. 1. Geo log i cal map of the Strzelin Hills and the Lipowe Hills (as mod i fied by the au thors af ter a com pi la tion by Oberc-Dziedzic &
Madej (2002) de rived from maps in Oberc et al. (1988), Wójcik (1968), Wroñski (1974), and Badura (1979)). The lo ca tion of sam ple S6
and other sam ples dis cussed in this pa per are in di cated. The Strzelin Thrust (ST) is only lo cally rec og nized in the north ern part of the
area (south of Strzelin; Oberc-Dziedzic & Madej, 2002): its pos si ble con tin u a tion along the O³awa Lin ea ment re mains un re solved.



so ev i dent to the north. In the moun tain ous area of the
Sudetes, this thrust zone is taken as the tec tonic bound ary
be tween the West and East Sudetes.

The West Sudetes com prise a mo saic of small geo log i -
cal units and are in ter preted ei ther as part of the W–E
trending Saxo-Thuringian Zone (e.g. Franke et al., 1993), a 
col lage of sev eral ter ranes (Matte et al., 1990; Ol i ver et al.,
1993; Cymerman et al., 1997; Cymerman & Piasecki,
2004; Aleksandrowski & Mazur, 2002; ¯elaŸniewicz,
2005), or a tec tonic mo saic con tain ing frag ments of a
Variscan accretionary prism (Baranowski et al., 1990; Col -
lins et al., 2000). Nev er the less, de spite the West Sudetes be -
ing lithostratigraphically di verse, a com mon fea ture is the
pres ence of ~500 Ma orthogneisses.

Within the Moravo-Silesian Zone are the East Sudetes, 
which form a NNE–SSW trending belt that is sep a rated
from the West Sudetes by the Moldanubian Thrust zone
(Oberc, 1957; Skácel, 1989). Schulmann and Gayer (2000)
in ter preted the Moravo-Silesian Zone as a con ti nen tal
accretionary wedge formed dur ing the Variscan orog eny
as a re sult of oblique col li sion be tween the Moldanubian
and Lugian units and the Pan-Af ri can Bruno-Vistulian
microcontinent (Dudek, 1980). The orthogneisses in the
Bruno-Vistulian unit dis play late Neoproterozoic ages in
the range of 546 +6/-8 to 684.5 ± 0.9 Ma (Oberc-Dziedzic
et al., 2005 and ref er ences therein).

De fin ing the Moldanubian Thrust zone fur ther north, 
within the FSB, has been dif fi cult due to poor ex po sure
and un cer tain ages. The thrust zone has, his tor i cally, been
placed in four dif fer ent po si tions: along the E edge of the
Niemcza Shear Zone (Bederke, 1929); along the east ern
bound ary of the Strzelin Mas sif (Oberc, 1968); along the
west ern bound ary of the Strzelin Mas sif (Skácel, 1989);
and within the Strzelin Mas sif it self (Cwojdziñski &
¯elaŸniewicz, 1995). And at least one study (Cymerman,
1993a) did not re cog nise the ex is tence of this tec tonic
bound ary in the FSB. But re cent study by Oberc-Dziedzic
et al. (2003b, 2005) has de lin eated the thrust as within the
Strzelin Mas sif, sep a rat ing the Strzelin and Stachów struc -
tural units.

OUT LINE GE OL OGY AND
TECTONOTHERMAL EVO LU TION
OF THE STRZELIN MAS SIF

In most pub li ca tions on the FSB (Oberc, 1957, 1966,
1968, 1972, 1975, 1988; Bereœ, 1969; Wójcik 1963, 1968,
1973; Cymerman, 1993b; Wojnar 1995; Oberc-Dziedzic,
1988, 1991, 1995, 1999; Oberc-Dziedzic & Szczepañski,
1995; Oberc-Dziedzic et al., 1996), the fol low ing three
tectono-strati graphic units in the E part of the FSB have
been dis tin guished:

1. An older (Neoproterozoic–Lower Palaeozoic)
metamorphic unit of gneiss es, mica schists, am phi bo lites,
calc-sil i cate rocks and mar bles.

2. A youn ger meta mor phic unit, the so-called Jeg³owa
beds, com pris ing lower and mid dle De vo nian quartzites.

3. Variscan granitoids.
Based on the ear lier stud ies cited above and on re cent

rec om men da tions for clar i fy ing the tec tonic sub di vi sions
of this part of the Fore-Sudetic Block (¯elaŸniewicz &
Aleksandrowski, 2008), two sub or di nate tec tonic units
can be dis tin guished in the north ern part of the Strzelin
Mas sif (the main tec tonic base ment unit in that part of the
FSB): the Strzelin struc tural unit, and the Stachów struc -
tural unit. Their mu tual con tact is poorly ex posed, though 
Oberc-Dziedzic and Madej (2002) con sider them sep a rated 
by the Strzelin Thrust, a fea ture only rec og nized in the
north ern part of the area (Fig. 1). Lithologically, two
tectonostratigraphic units can be de fined in that part of
the Strzelin Mas sif: the Stachów com plex and the Strzelin
com plex (Oberc-Dziedzic et al., 2003a, b, 2005).

The Strzelin Mas sif is dom i nated by a va ri ety of gneiss 
types: two-mica gneiss es and gra nitic gneiss es in the N,
nod u lar sillimanite migmatitic gneiss es in the S, and flaser- 
augen gneiss es in a small out crop at the NE mar gin
(Oberc, 1966, 1968, 1972, 1975, 1988; Bereœ, 1969; Wójcik,
1963, 1968, 1973; Wojnar, 1995). Oberc-Dziedzic (1995)
named the gneiss es of the Strzelin Mas sif af ter their most
ex ten sive out crop lo cal i ties: thus, the two-mica gneiss es
and the gra nitic gneiss es are the Strzelin gneiss es, the nod -
u lar sillimanite gneiss es are the Nowolesie gneiss, and the
flaser-augen gneiss es are the Goœciêcice gneiss. Based on
drill-core sam ples, Oberc-Dziedzic (1995) also dis tin -
guished an other sig nif i cant va ri ety, the dark migmatitic
Stachów gneiss, and two tran si tional types: the pale, fine-
grained Gromnik/Dobroszów gneiss, and the porphyro-
blastic sillimanite Bo¿nowice gneiss.

In the Lipowe Hills to the west (Fig. 1), mica schists
are dom i nant (Badura, 1979; Wójcik, 1968, 1973;
Wroñski, 1974), a fact that was used as an ar gu ment to
con nect these schists with schists of the Niemcza Zone
(Oberc, 1972). The most char ac ter is tic va ri et ies of the sub -
or di nate gneiss es in the Lipowe Hills are fine-grained dark
gneiss es and coarser-grained pale migmatitic gneiss es, both 
of which are va ri et ies of Stachów gneiss, and, in the S part
of the area, mylonitic chlorite Henryków gneiss es (Oberc- 
Dziedzic, 1995; Oberc-Dziedzic & Madej, 2002). In the
Lipowe Hills, nod u lar-sillimanite migmatitic gneiss es are
also found and are sim i lar to those in the Strzelin Hills
(Oberc-Dziedzic, 1988). In drill-cores from the Strzelin
Hills, Oberc-Dziedzic (1995) de scribed rocks sim i lar to
the dark Stachów gneiss and, con se quently, the west ern
out crop of the Lipowe Hills might be geo log i cally re lated
to the Strzelin Mas sif.

U–Pb SHRIMP zir con dat ing has helped to better de -
fine the two gneiss as sem blages in the re gion: the Strzelin
com plex and the Stachów (Lipowe Hills) com plex (Fig. 1;
Oberc-Dziedzic et al., 2003a, b, 2005; Klimas, 2008). In ad -
di tion to its pre dom i nant gneiss con tent, the older Strzelin 
com plex also con tains mica schists, am phi bo lites, calc-sil i -
cate rocks and mar bles. Fur ther more, the rel a tively young 
gneiss and the mica schist of the Stachów com plex have
been thrust over the Strzelin com plex along the Strzelin
Thrust (Fig. 1; Oberc-Dziedzic et al., 2003a, b, 2005).

Variscan tectono-meta mor phic events are gen er ally
thought to have af fected the rocks of the FSB (e.g. Cymer-
man, 1993b; Oberc-Dziedzic, 1995, 1999; Wojnar, 1995;
Szczepañski, 2001; Szczepañski & Mazur, 2004). These
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rocks ex pe ri enced De vo nian and early Car bon if er ous de -
for ma tion and meta mor phism that took place along dif -
fer ent P–T paths in dif fer ent units (Oberc-Dziedzic, 1999;
Oberc-Dziedzic & Madej, 2002; Oberc-Dziedzic et al.,
2005). At least three meta mor phic events are re corded in
both the Neoproterozoic–Lower Palaeozoic gneiss and
mica schist meta mor phic unit and in the youn ger, De vo -
nian, Jeg³owa quartzites. The most pro nounced meta mor -
phic events, M2 and M3, were most in tense in the south ern
part of the Strzelin Mas sif where the rocks ex pe ri enced
anatexis; in the north ern part, how ever, the rocks only
reached P–T con di tions that oc cur at the bound ary be -
tween greenschist and am phi bo lite fa cies (Oberc-Dziedzic, 
1995, 1999; Oberc-Dziedzic et al., 2005).

Im por tant pet ro log i cal in for ma tion about the P–T
path of the older Neoproterozoic–Lower Palaeozoic
metamorphic com plex has come from the calc-sil i cate
rocks (Wojnar, 1955; Achramowicz et al., 1996). Based
partly on the ear lier work of Oberc-Dziedzic (1988) and
Wojnar (1995), Achramowicz et al. (1996) showed that this 
com plex re cords a high tem per a ture–me dium pressue re -
gional meta mor phic event that cor re sponds to the up per
part of the am phi bo lite fa cies, pos si bly tran si tional to the
granulite fa cies. Achramowicz et al. (1996) also rec og nized
a ret ro gres sive, most likely anticlockwise, P–T path. The
de crease in T, P, and prob a bly also XCO2, can be cor re lated 
with the early stages of up lift of the en tire rock com plex
and in dras tic changes of the pore flu ids. Fol low ing that
ret ro gres sive phase, meta mor phic re ac tions took place at
in creas ing wa ter ac tiv ity.

The last Variscan tectonothermal event in the area of
the FSB is the in tru sion of the Variscan granitoids. These
show a large scat ter in their ages of be tween ~347 Ma and
290 Ma (Oberc-Dziedzic et al., 1996; Oberc-Dziedzic &
Pin, 2000; Pietranik & Waight, 2005; Turniak et al., 2006),
though these ages were ob tained us ing dif fer ent meth ods.

FORE-SUDETIC BLOCK: PRE VI OUS
ZIR CON GEO CHRON OL OGY

Zir con has been used in petrogenetical stud ies for
more than half a cen tury and spe cific morphologies have
been used to in fer spe cific petrogeneses (e.g. Pupin &
Turco, 1972; Pupin, 1980, 1988; Majerowicz, 1975;
Klimas-Au gust, 1989; Guillot et al., 2002; Klimas, 2008,
and ref er ences therein). The U–Th–Pb and Pb–Pb geo -
chron ol ogi cal meth ods that were de vel oped dur ing the
1950s, and sub se quently re fined, al low the age of zir con

crys tal li za tion to be de ter mined. These tech niques can
now be used to ob tain sep a rate ages for cores and over-
growths, not just bulk crys tals (Da vis et al., 2003, and ref -
er ences therein). Com plex in ter nal zon ing of zir cons, in -
vis i ble or barely vis i ble us ing a po lar iz ing mi cro scope,
may show up clearly us ing cathodoluminescence (CL) and 
back-scat tered elec tron (BSE) im ag ing (e.g. Vavra, 1990,
1994; Benisek & Fin ger, 1993; Vavra et al., 1996, 1999;
Pidgeon, 1992; Pidgeon et al., 2000; Rubatto & Gebauer,
2000; Rubatto et al., 2001; Corfu et al., 2003; Pankhurst et
al., 2006; Giacomini et al., 2007).

Un til rel a tively re cently, there were only a few geo -
chron ol ogi cal stud ies on the older crys tal line base ment
rocks of the FSB. Ol i ver et al. (1993) re ported a U–Pb
evap o ra tion multigrain zir con age of 504 ± 3 Ma from the
Goœciêcice gneiss (Fig. 1). This age was broadly con firmed
later by Kröner and Mazur (2003) who re ported 513 ± 1
Ma for the same rocks. Kröner and Mazur (2003) also de -
ter mined the age of a migmatitic gneiss from Skalice in
south ern part of the Strzelin Mas sif and ob tained a mean
age of 1.020 ± 1 Ma for the main zir con pop u la tion (six
grains) and ages of be tween 1.1 and 1.8 Ma for the abun -
dant zir con xeno crysts. Fur ther more, they re ported zir -
con ages of 501 ± 1 Ma (with a xenocryst core of 1.7 Ma)
from gra nitic gneiss es from Maciejowice and zir con ages
of 380 ± 1 Ma (with a xenocryst core of 593 Ma) from gra -
nitic gneiss es from Doboszowice, both south of the
Strzelin Mas sif (be yond the map in Fig. 1). This data will
be dis cussed in more de tail be low in light of the new
SHRIMP re sults.

SCOPE AND AIMS OF THIS STUDY

In this pa per we pres ent new sen si tive high mass-res o -
lu tion ion microprobe (SHRIMP) zir con data for the
Nowolesie gneiss at Skalice (Fig. 1), dis cuss the or i gin of
this gneiss, com pare this gneiss with other Pre cam brian
gneiss es in the Fore-Sudetic Block (FSB) and dis cuss some
im pli ca tions for the re gional ge ol ogy. The SHRIMP study 
re ported here is part of a more ex ten sive re search pro ject
of us ing zir cons to un ravel the petro gen esis of the gneiss es
in the east ern part of the Fore-Sudetic Block (Klimas,
2008, and ref er ences therein). This pa per spe cif i cally in ves -
ti gates the Nowolesie gneiss from Skalice be cause pre vi ous 
re sults yielded rad i cally dif fer ent ages from very sim i lar
gneiss es from the East ern FSB: 1.020 ± 1 Ma by Kröner &
Mazur (2003); 600 ± 7 Ma by Oberc-Dziedzic et al.
(2003b) and by Klimas (2008).

METH ODS

Sam ples of Nowolesie gneiss were ex am ined by thin
sec tion. On the ba sis of these ob ser va tions, gneiss sam ples
were se lected for fur ther zir con anal y ses. The se lected
sam ples were crushed in a jaw-crusher and sieved into sev -
eral grain-size frac tions. Zir con frac tions were ini tially
con cen trated in a bowl of wa ter, af ter which the mag netic
frac tion was sep a rated, the re main ing non-mag netic frac -

tion be ing sep a rated us ing so dium polytungstate. Fi nally,
the zir cons rep re sent ing var i ous types (based on clas si cal
“zirconology”, see Klimas, 2008) were se lected un der the
mi cro scope for SHRIMP anal y sis.

Clas si cal “zirconology” (in clud ing mor phol ogy,
morphometry and typology) was per formed us ing trans -
mit ted light un der the po lar iz ing mi cro scope; ob ser va -
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tions were made on 100 zir con grains; only un bro ken,
euhedral and subhedral crys tals were typologically clas si -
fied (Pupin, 1980).

Cathodoluminescence (CL) im ages and SHRIMP-II
mea sure ments were car ried out at the Aus tra lian Na tional
Uni ver sity in Can berra fol low ing pro ce dures de scribed in
Wil liams (1998). The U/Pb ra tios were de ter mined us ing

stan dard AS3 gab bro Du luth with 206Pb/238U = 0.1859 and 
age of 1.099 Ma (Paces & Miller, 1993). Un cer tain ties at
par tic u lar anal y ses and iso to pic ra tios are given at 1 sigma
level. Terra and Wasserburg (1972) di a grams and mean
weighted 206Pb/238U ages were cal cu lated us ing the
ISOPLOT/EX pro gram (Lud wig, 1999)

PE TROG RA PHY OF THE NOWOLESIE GNEISS

The pe trog ra phy of the main gneiss va ri et ies of the
Strzelin and Lipowe Hills mas sifs has been com piled by
Klimas (2008). The gneiss sam ple used herein is a por tion
of the sillimanite Nowolesie gneiss that was col lected at
Skalice and is here la belled as S6. It is a fine-grained, grey
rock with a typ i cal banded gneissic struc ture. The ori ented 
tex ture is due to the par al lel ar range ment of bi o tite and
flat lenses of fib ro lite that are over grown with mus co vite
and quartz. The gneiss is com posed of quartz, plagioclase,
K-feld spar, bi o tite, mus co vite and sillimanite. Quartz is
usu ally anhedral, lo cally in iso met ric grains. In places, a
few ag gre gates of grains, flat tened con form ably with the
fo li a tion, can be seen. Plagioclase in the form of small
plates is fresh and fre quently twinned. Plagioclase com po -
si tions are within the range 8–13 % An (Wojnar, 1995).

In some sam ples of the Nowolesie gneiss, in clud ing
sam ple S6, an other va ri ety of plagioclase is found:
anhedral, of ten cor roded grains, with cloudy and dif fused

twin lamellae along which seri cite flakes have con cen -
trated. These grains con tain around 40 % An (Wojnar,
1995). K-feld spar is less abun dant than plagioclase and usu -
ally forms large anhedral grains with com mon microcline
twinning. Some of the grains en close nu mer ous seri cite in -
clu sions. Bi o tite forms elon gated, imbricated flakes, par al -
lel or oblique to the fo li a tion; most of ten it is yel low -
ish-brown, more rarely green ish in col our. Mus co vite typ -
i cally oc curs as small ir reg u lar flakes and is, ev i dently, a
sec ond ary min eral formed af ter microcline, sillimanite
and plagioclase (Wojnar, 1995). Sillimanite (fib ro lite) is
rather scarce. Most of ten it oc curs in flat tened ag gre gates
to gether with mus co vite and quartz that makes a spe cific
nod u lar tex ture char ac ter is tic of these rocks. In some
other gneiss es, there are rare dis persed ag gre gates of fib ro -
lite; in some gneiss va ri et ies, there is also rare gar net and
tour ma line. Zir con and small grains of op aques are com -
mon ac ces so ries (Fig. 2). Zir con forms iso lated crys tals in
intersticies or oc curs as in clu sions in bi o tite and plagio-
clase.

The Nowolesie gneiss mainly dif fers from the Strzelin 
gneiss es that are wide spread in the north ern part of the
Strzelin struc tural unit in the fol low ing ways: (a) there is
an abun dance of stromatitic and nebulitic tex tures in the
Nowolesie gneiss, whereas por phy ritic tex tures are com -
mon in the Strzelin gneiss es; (b) the Nowolesie gneiss con -
tains an abun dance of sillimatite nod ules; and (c) there is a
wide spread oc cur rence of peg ma tite veins in the Nowo-
lesie gneiss. A petrogenetically im por tant fea ture is that
the Nowolesie gneiss has low con tents of zir con, and the
Strzelin gneiss es have less again. Zir con is sig nif i cantly
more abun dant in the Goœciêcice gneiss and in the pale va -
ri et ies of Stachów gneiss. The ob served zir con con tents
cor re spond to the bulk Zr con cen tra tions in these rocks:
76 and 58 ppm in the Strzelin and Nowolesie gneiss, re -
spec tively; 221 and 223 ppm in the Goœciêcice and
Stachów gneiss, re spec tively (Oberc-Dziedzic et al., 2005).

ZIR CON PETRO GEN ESIS: THE NOWOLESIE GNEISS

 A de tailed petro gen etic study of zir cons from se lected 
gneiss es of the Strzelin and Lipowe Hills mas sifs has been
given by Klimas (2008).

In our sam ple S6 from the Nowolesie gneiss, 53 % of
all zir cons are euhedral and subhedral, 37 % subrounded, 1 
% rounded, and 9 % ir reg u lar in habit. Among the
euhedral and subhedral crys tals, the most fre quently ob -

served are the types S2, S7 and S8 of Pupin (1980) with a
lesser num ber of S1, S12, S17, S5, G1 (Fig. 3; Klimas, 2008).
On the Pupin (1980) di a gram, as mod i fied by Guillot et al.
(2002), these zir cons fall in the field of anatectic gran ites
(Klimas, 2008). How ever, on the mod i fi ca tion of the
Pupin di a gram by Schermaier et al. (1992) these zir con
types plot in the field of S-type gran ites. The zir cons are
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Fig. 2. Zir cons in small bi o tite plates from the Nowolesie gneiss
at Skalice (sam ple S6). The lon ger edge of the photo is 2 mm. Po -
lar ized light.



typ i cal of the so called “cold” gran ites that crys tal lize be -
low 837 °C and have a large amount of older zir con cores
man tled by youn ger overgrowths (Klimas, 2008).

In CL im ages of zir cons se lected for SHRIMP anal y sis 
(Fig. 4), dis tinct cores man tled by youn ger overgrowths
are vis i ble in ~65 % of all grains. Thus, it was pos si ble to
dis tin guish (1) zir cons with cores and overgrowths, and (2) 
zir cons without cores.

ZIR CON CORES AND OVERGROWTHS

Zir con cores
The zir con cores in sam ple S6 from the Nowolesie

gneiss are usu ally large and can form two-thirds to one-
half of the whole crys tal (Fig. 4: grains 2–4, 7, 10, 11, 19,
25–27, 29, 31, and 33–35); overgrowths, even if not very
thick, dis play zonation (Fig. 4: 3, 4, 7, 13, 14, 25–29, 33, 34, 
36). Smaller cores are rare and are of ten asym met ri cally lo -
cated within the crys tal (Fig. 4: 5, 9, 10, 12, 13). How ever,
most cores lie ap prox i mately near the cen ter of the grain
(Fig. 4: 2–4, 7, 25–29, 33, 34). The long axis of the cores
and their crys tal lo graphic C axis are, in most cases, par al -
lel to those of the over growth (Fig. 4: 2, 3, 7, 26, 29). Fairly 
com mon are cores dis play ing an ex tinc tion an gle – the an -
gle be tween the elon ga tion axis and the C axis (Fig. 4: 4,
10–12, 25), a fea ture com monly in ter preted as re sult ing
from the trans por ta tion of de tri tal ma te rial (Klimas-Au -
gust, 1989, and ref er ences therein). Overgrowths in such
crys tals im i tate, at first, the form of the core, but they fi -

nally pro duce crys tals with an elon ga tion axis par al lel to
their C axis, sug ges tive of crys tal li za tion from a melt (Fig.
4: 4, 12, 25, 26).

The cores have var i ous morphologies, the com mon est 
be ing rounded and subrounded (Fig. 4: 2, 7, 26, 28). Oth -
ers are subhedral and euhedral (Fig. 4: 3, 4, 29), but there
are also ir reg u lar, cor roded forms (Fig. 4: 27) and rel a -
tively com mon anhedral frag ments of larger crys tals (Fig.
4: 10–14). In some cores, the fol low ing Pupin (1980) types
can be de ter mined: G1 (Fig. 4: 8), S17 (Fig. 4: 26), S24, S25,
(Fig 4: 11–13). These types are char ac ter is tic of al ka line
and calc-al ka line mag mas. A few cores have pre served os -
cil la tory zon ing in di cat ing their likely mag matic or i gin.
Most of the cores, how ever, are ho mo ge neous and CL
bright, and such zir cons, es pe cially when hav ing a low
Th/U (0.1) ra tio, are of ten in ter preted as meta mor phic
zir cons (e.g. Hacker et al., 1998; Schaltegger et al., 1999;
Rubatto & Gebauer, 2000; Rubatto et al., 2001). This in -
ter pre ta tion does not, how ever, ap ply to sim i larly CL-ho -
mo ge neous zir cons from granu lites that may have con sid -
er ably higher Th/U ra tios (Vavra et al., 1996). Most of the
cores in the sam ple de scribed have the Th/U ra tio above
0.1 (0.12–0.72; Fig. 5, Tab. 1). The CL ho mo ge ne ity and
bright ness (“whit en ing”) (Fig. 4: 19, 26) and, in some
places, the rel ict con vo lute zonation (Fig. 4: 4) could have
been caused by sub se quent recrystallization, an neal ing or
fluid ac tiv ity (Vavra et al., 1999).

One group of zir cons pos ses CL-dark cores. These
cores can be par al lel-ag gre gates of a few crys tals, or are
cor roded frag ments that have been man tled by a thin over -
growth im i tat ing the shape of the core. Some times these
CL-dark cores are strongly cor roded and ir reg u larly
shaped. These cores are com posed of strongly metamict
zir con and, thus, are more prone to cor ro sion than
unaltered zircons.

Zir con overgrowths
The zir cons that con tain cores have euhedral or

subhedral ex ter nal hab its, more rarely subrounded or
anhedral. Be cause of the rel a tively large size of the cores,
the thin overgrowths pro duce euhedral nor mal or long-
pris matic crys tals (Fig. 4: 3, 4, 26, 27, 29), though a few
short-pris matic ones can also de velop (Fig. 4: 7, 10, 12, 23,
25, 26, 31, 33). In CL, the overgrowths, when close to the
core, dis play struc tures that are con tin u ous with the core
(Fig. 4: 2–4, 7, 25, 26), but fur ther out wards these
overgrowths usu ally be come, and con tinue to be, euhedral 
(Fig. 4: 14). How ever, this is not the type of os cil la tory
zonation that is found in typ i cal mag matic zir cons (e.g.
Pidgeon et al., 1998; Hoskin, 2000; Corfu et al., 2003),
where par tic u lar zones al ter nate be tween CL-bright and
CL-dark lay ers. Here, in sam ple S6, this zonation is not
very reg u lar. It is usu ally dis tinct within the pyr a mids, es -
pe cially in crys tals con tain ing large cores (Fig. 4: 3, 4, 25,
29, 34, 36). In such crys tals the growth is lim ited along the
prism and it con tin ues mainly within the pyr a mids. The
in ter nal form of the over growth is dom i nated by pyr a mid
{101} with sub or di nate steep pyr a mid {211}, and the fi nal
crys tal li za tion pre fers the growth of {211} to that of {101} 
(Fig. 4: 3, 4, 7). If the core end ings are orig i nally steep, the
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Fig. 3. Typology of zir cons from the Nowolesie gneiss (sam ple
S6) based on the scheme by Pupin (1980): n = num ber of grains
in ves ti gated, nd = num ber of grains clas si fied, TI = tem per a ture
in dex, AI = al ka lin ity in dex.
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Fig. 4. Cathodoluminescence im ages of zir cons from the Nowolesie gneiss at Skalice (sam ple S6). Zir con grains num bered 1 to 36 are
re ferred to in the text. SHRIMP an a lyt i cal spots are in di cated by el lip ses ~25 µm large; 206Pb/238U ages for Neoproterozoic and youn ger zir -
cons, and 207Pb/206Pb ages for older Pre cam brian zir cons (1s er rors) are given in la bels.



new over growth from the very be gin ning con tin ues with
{211} pre dom i nat ing over {101} (Fig. 4: 12, 13, 25, 26, 28,
29).

This kind of growth re sults in a pre dom i nance of crys -
tals with the steep pyr a mid lo cated in the up per left and
bot tom left parts of the Pupin (1980) di a gram (Fig.3), with
ei ther of the prisms {110} or {100} be ing dom i nant. As a
con se quence, it is dif fi cult to de fine a clear crys tal li za tion
trend for the zir cons from sam ple S6 be cause the morpho-
logies con verge on three trends of zir con crys tal li za tion
that, in the di a gram, de fine early and ad vanced crys tal li za -
tion phases for calc-alkaline and peralkaline magmas.

Spo rad i cally, mul ti fac eted prismless forms are ob -
served on the one crys tal where one end is rel a tively broad 
and nearly iso met ric, while the other end is rel a tively nar -
row (Fig. 4: 9, 11, 12, 19). The space be tween the core and
the youn gest zoned part of the over growth is lo cally filled
by sec tor-zoned zir con (Fig. 4: 9, 25). These zir cons are
par tic u larly com mon in the <0.12 mm frac tion and are
nor mally ex cluded from this study due to the dif fi cult se-
paration of such small grains. But when ob served in trans -
mit ted light in heavy min eral sep a rates, they tend to be
clas si fied as subrounded and rounded be cause their mul ti -
fac eted na ture is only vis i ble in CL im ages. Sim i lar zir cons 
have been re ported from granulite-fa cies “leptynites” in
the Vosges (Schaltegger et al., 1999), as well as in the granu -
lites and gneiss es of the Ivrea Zone in the South ern Alps
(Vavra et al., 1996; Vavra et al., 1999).

At the bound ary be tween core and over growth in a
few crys tals is a dis tinct layer, very dark or nearly black in
CL im age (Fig. 4: 4, 12, 25, 26, 28, 29, 31, 33, 34). A sim i lar
zone can also be found along the mar gin of the euhedral
over growth (Fig. 4: 4, 10, 25, 27, 30, 36). The next layer,
brighter in CL, is of ten in com plete and seems to have been 
cor roded by re sid ual melt or flu ids (Fig. 4: 2, 3, 14, 28, 31,
32, 35, 36). The CL-dark lay ers usu ally in di cate high trace
el e ment and rare-earth el e ment con tents, in par tic u lar ura -
nium and yt trium, but may also in di cate in tense meta-
mictization. The causes of CL-dark lay ers can be dis tin -
guished, how ever, us ing BSE im ages on the dark lay ers: in -
tense metamictization causes the CL-dark re gions to re -
main dark us ing BSE im ages; but CL-dark re gions rich in
heavy el e ments are bright in BSE (e.g. Kempe et al., 2000;
Silva et al., 2000).

The pres ence of the in ter nal and ex ter nal CL-dark lay -
ers, usu ally rich in U, Th and other heavy and rare-earth
el e ments, prob a bly re sults from dif fu sion of these el e -
ments in a closed sys tem (Pidgeon et al., 1998). In an open
sys tem, the mar ginal layer usu ally dis ap pears due to the re -
moval of these el e ments out of the sys tem. In the early
phases of this pro cess, ex ter nal lay ers be come wider and
“whit ened” but their euhedral na ture is pre served. Dur ing
the more ad vanced phase of the pro cess of recrystalliza-
tion and fluid in ter ac tion the CL zonation be comes dis -
turbed, the “whit ened” lay ers be come lobate and “ghost
zon ing” is poorly preserved (Fig. 4: 16, 18).

There is one more im por tant fea ture of the zir cons
with cores: they rep re sent two pop u la tions of dif fer ent
ages. The age re la tion ships and dif fer ences in mor phol ogy
and morphometry will be described below.

ZIR CONS WITH OUT CORES

The zir con crys tals with out cores are sub or di nate
within the whole zir con pop u la tion. They are, nev er the -
less, very di verse in their mor phol ogy, morphometry,
typology and in ter nal struc ture (Figs. 2 & 4). Two groups
of two dif fer ent ages can be dis tin guished (see be low).

Group A (older zir cons) (Fig. 4: 1, 5, 6, 8) oc cur
mainly in the finer grain-size frac tion, .12 mm. Most of ten
they are short-pris matic, CL-bright, with weakly pre -
served “ghost” zonation (Fig. 4: 6) and with a Th/U ra tio
of 0.41. More rarely, they are foot ball-shaped, mul ti fac -
eted and CL-bright, with al most no traces of zonation
(Fig. 4: 8), with Th/U ra tio of 0.09.

Group B (youn ger zir cons) are larger crys tals, up to
0.25 mm (Fig. 4: 15). Most are “whit ened” (Fig. 4: 15–19),
with os cil la tory zonation eas ily vis i ble (Fig. 4: 20, 24) or,
at times, poorly pre served as “ghost” zonation (Fig. 4: 15,
17).

Within the euhedral zir con crys tals with out cores,
very long-pris matic, “nee dle-like” forms are found, of ten
with an elon gated in clu sion along the cen tral sec tion (e.g.
Fig. 4: 24). These long-pris matic crys tals are in ter preted as
the prod ucts of rapid crys tal li za tion from a melt with high 
Zr oversaturation (Klimas & Szczepañski, 2005, and ref er -
ences therein).

An other group of zir cons com prises euhedral crys tals, 
but also frag ments of larger crys tals, both of which show
strong os cil la tory zonation (Fig. 4: 21, 22). Based on the
zonation pat terns, ini tial crys tal li za tion was dom i nated by 
the for ma tion of the “flat” pyr a mid {101}, of ten asym met -
ri cally, and was later joined by the steep pyr a mid {211},
which sub se quently came to dom i nate the mor phol ogy.
Af ter crys tal li za tion, both types of pyr a mid un der went
cor ro sion, as ob served from ex ter nal CL-bright lay ers.
The bro ken sur faces of crystals are rough and only slightly 
corroded.

The CL im ages show the pres ence of a large amount
of bro ken crys tals in both the large and small size frac -
tions; these rep re sent ei ther one-third, one half or three-
quar ters of un bro ken euhedral crys tals (Fig. 4: 1, 16, 21,
22). Most dis play clear me chan i cal de fects on their bro ken
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Fig. 5. Plot of Th/U ra tio in zir cons from the Strzelin and
Nowolesie gneiss within the Strzelin Mas sif.



sur faces and most are ei ther frag ments of larger euhedral
crys tals that dis play well-pre served, typ i cal, mag matic os -
cil la tory zon ing (Fig. 4: 21, 22), or are frag ments of large
“whit ened” crys tals (Fig. 4: 16) with high Th/U ra tio of
0.57, or are “whit ened” euhedral grains with notched
edges (Fig. 4: 17).

In a few grains such bro ken sur faces have been me -
chan i cally smooth ened, as might hap pen dur ing de tri tal-
grain or tec tonic trans por ta tion. These par tic u lar smooth -
ened sur faces are not, how ever, an ef fect of magmatic
corrosion.

SHRIMP DATA ON ZIR CONS FROM THE NOWOLESIE GNEISS

SHRIMP anal y ses, from zir cons in sam ple S6 of the
Nowolesie gneiss, were per formed on 10 points lo cated in
zir con cores and on 27 points in overgrowths and in ho -
mo ge neous core-ab sent crys tals (Ta ble 1; Figs. 4, 5, 6, 7 &
8). All these mea sure ments and sub se quent re cal cu la tions
were per formed for both grain-size frac tions sep a rately
(0.16–0.12 mm and 0.12–0.06 mm).

Zir con cores
There was a wide scat ter of ages from the zir con cores. 

Con cor dant core ages in cluded Palaeoproterozoic 207Pb/
206Pb ages (2.056 ± 8 Ma–1.726 ± 7 Ma) and Mesoprotero-
zoic ages (1.589 ± 12 Ma–1.473 ± 9 Ma) (Ta ble 1; Fig. 6).
Dis cor dant core ages (Fig. 6), such as from points 3.2 and
10.2 from the coarser frac tion and from point 9.2 from the 
finer frac tion, prob a bly re flect Pb loss. Point 3.2 is from
the cen ter of a crys tal with out any dis tinct core, faint
“ghost” zonation and CL-“whit en ing”, and pro duced a
207Pb/206Pb age of 2.059 ± 9 Ma (Fig. 4: 19) and Th/U =
0.57. This may in di cate an neal ing, recrystallization or
fluid ac tiv ity. Point 10.2, also from the coarser frac tion,
was taken from within a CL-bright core that had signs of
me chan i cal dam age and gave an age of 1.007 ± 12 Ma with
high Th/U = 0.72. This was prob a bly due to sed i men tary
re work ing (Fig. 4: 25). Point 9.2, from the finer frac tion
and taken in the core of a zir con dis play ing symp toms of

recrystallization and ex ter nal cor ro sion, had an age of
1.790 ± 16 Ma and Th/U = 0.23 (Fig. 4: 2).

Com par ing the U and Th con cen tra tions and the
Th/U ra tios in the zir con cores with those in the over-
growths and youn ger crys tals with out cores re veals con -
sid er ably lower U and Th con cen tra tions and higher
Th/U ra tios in the lat ter (Ta ble 1, Fig. 5). There is also a
sharp dif fer ence in 207Pb/206Pb and 206Pb/238U ages in the
cores of zir cons from dif fer ent grain-size frac tions. The
ages of cores in zir cons from the coarser frac tion are, in
gen eral, older even af ter ex clud ing the points with rel a -
tively sig nif i cant discordance (Table 1).

Overgrowths and zir cons with out cores
No sig nif i cant dif fer ences in U and Th con cen tra tions 

and in Th/U ra tios can be de tected in the overgrowths and 
youn ger zir cons of both grain-size frac tions (Ta ble 1).
How ever, two age gen er a tions can be dis tin guished that
ex actly fol low grain size. Zir cons from the finer frac tion
mostly have overgrowths and core-ab sent crys tals and are
of an older gen er a tion with a 206Pb/238U prob a bil ity den -
sity age of 602 ± 7 Ma. Zir cons from the coarser grain
frac tion are youn ger with a 206Pb/238U prob a bil ity den sity
age of 587 ± 4 Ma (Fig. 9, Ta ble 1).

There is a neg a tive re la tion ship be tween the weighted
mean 206Pb/238U ages of both the overgrowths and the
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Fig. 6. Terra and Wasserburg (1972) con cordia plot of zir cons
from the Nowolesie gneiss at Skalice (sam ple S6). The plot shows
the to tal 207Pb/206Pb ra tios vs. the cal i brated 238U/206Pb ra tios, un cor -
rected for com mon Pb. Anal y ses are plot ted as 1s er ror el lip ses.

Fig. 7. A Wether ill plot (us ing the Isoplot/Ex pro gram by Lud -
wig, 1999) for Pro tero zoic zir cons from the Nowolesie gneiss at
Skalice (sam ple S6). Plot shows the 206Pb/238U ra tios vs. the 207Pb/235U ra -
tios. Anal y ses are plot ted as 1s er ror el lip ses.
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core-ab sent zir con crys tals with grain size, and be tween
the size of the zir cons with cores and the ages of the cores.
The cores of the finer crys tals are clearly youn ger than
those of the coarser zir cons (Table 1).

In some “whit ened” core-ab sent zir cons, the U/Pb
ages and Th/U ra tios were ob tained for both cen tral and
mar ginal parts of the crys tals (Ta ble 1; Fig. 4: 17, 20). The
cal cu lated age dif fer ences are less than a few mil lion years,
and the Th/U ra tios are roughly the same (0.17–0.23).
This is in con trast to the zir cons with cores, where both
the age dif fer ences and Th/U ra tio scat ter are much larger
(Table 1).

Ex cep tion ally, among the CL “whit ened” zir cons
with rem nant “ghost” zonation, we find zir cons with a
greater age dif fer ence and with more sig nif i cant dif fer -
ences in the Th/U ra tios be tween the core and rim of the
crys tals (Ta ble 1, points 7.1 & 7.2 from the finer frac tion;
Fig. 4: 15), in spite of the lack of a dis tinct core. Such
“whit en ing” of the ex ter nal parts of the overgrowths, with 
or with out the “ghost” zonation, are usu ally in ter preted as 
an ef fect of an neal ing (e.g. Schaltegger et al., 1999; Silva et
al., 2000) or as the re sult of recrystallization of an orig i -
nally zoned zir con (e.g. Nemchin & Pidgeon, 1997).

The re duc tion of the weighted means was done af ter
re ject ing ex treme 206Pb/238U val ues in both the grain-size
frac tions (Klimas, 2008). The re sul tant weighted mean

ages are 588.9 ± 4.6 Ma for the coarser frac tion and 601.7
± 4.4 Ma for the finer frac tion. Two ad di tional cor rec -
tions to these weighted means were made due to the
wrong grain-size clas si fi ca tion of two crys tals: the very
long-pris matic crys tal of grain 12.1 and an age of 591.4 ±
6.2 Ma (Ta ble 1, Fig. 4: 8) should have been in cluded in the 
finer frac tion; grain 1.1 with an age of 580.0 ± 6.0 Ma
should have been in the coarser frac tion (Table 1, Fig. 4:
28).

The age of bro ken grain 11.1 (Fig. 4: 21) from the
coarser frac tion was cal cu lated to be 570.8 ± 5.9 Ma.
How ever, this grain was ex cluded from the weighted
mean age of the whole pop u la tion due to cracks vis i ble in
the crys tal that could have caused Pb loss. Af ter these cor -
rec tions, the weighted mean 206Pb/238U ages are close to
600 Ma for the fine grain size and 585 Ma for the coarser
grain size.

Both age groups of zir cons can be found in one gneiss
sam ple. How ever, among the 27 anal y ses per formed on
overgrowths and core-ab sent grains, no crys tals were
found with the “tri ple his tory” of an old core man tled
with the in ter nal over growth of ~600 Ma fol lowed, in
turn, by an ex ter nal rim of ~585 Ma. A few crys tals did
ex hibit three dif fer ent zones un der CL, but they could not 
be an a lyzed due to their small thick ness (be low 20 µm;
Fig. 4: 7) or be cause of signs of metamictization.

DIS CUS SION AND CON CLU SION

OR I GIN OF THE NOWOLESIE GNEISS

Based on pe trog ra phy and zir con anal y ses, the Nowo-
lesie gneiss can be in ter preted as migmatized metapelites
that con tain ad mix tures of psam mit ic and mag matic ma te -
ri als.

De spite the round ness of most of the Palaeo- and
Mesoproterozoic zir con cores from the Nowolesie gneiss,
it is still pos si ble to de ci pher their mag matic der i va tion via 
their os cil la tory zonation and rel a tively high Th/U ra tios
(Ta ble 1, Fig. 5). Based on the typology of zir con cores,
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Fig. 8. En larged con cordia plot of SHRIMP anal y ses (af ter
Terra & Wasserburg, 1972) for zir con overgrowths and in di vid -
ual zir con crys tals from the Nowolesie gneiss at Skalice (sam ple
S6). Con cordia shows the to tal 207Pb/206Pb ra tios vs. the cal i brated
238U/206Pb ra tios, un cor rected for com mon Pb. Anal y ses are plot ted
as 1s er ror el lip ses.

Fig. 9. Plot of prob a bil ity den sity with stacked his to gram (us ing 
the Isoplot/Ex pro gram by Lud wig, 1999) of the ra dio genic
206Pb/238U ages for the Neoproterozoic overgrowths and in di vid ual
zir con crys tals from the Nowolesie gneiss at Skalice (sam ple S6).



these gneiss es prob a bly con tain con tri bu tions from calc-al -
ka line to al ka line mag mas. Any de tri tal com po nent could
have come from anorthosites, charnockites, tonalite–
trondhjemite–granodiorite as sem blages and al ka line grani- 
toids, all of which were com mon in the Pro tero zoic. Gra-
nulites, migmatites and var i ous gneiss es could have been
the source for the un zoned zir con cores, which of ten dis -
play ev i dence of cor ro sion and recrystallization. The
CL-bright un zoned cores could also have de rived from a
mag matic source, but had lost their zonation as a re sult of
secondary processes (metamorphism, fluid activity etc.).

The dis tri bu tion of zir con core ages lie mainly within
the Palaeo- and Mesoproterozoic. The lack of Grenvillian
(1.3–0.9 Ga) and youn ger in her i tance ages in the Nowo-
lesie gneiss makes these zir cons sim i lar to those in the
Strzelin gneiss from Dêbniki (Figs. 10 & 11). How ever,
there are some dif fer ences in the in her ited ages in these
two gneiss es: the Strzelin gneiss con tains grains that are
~1.2–1.3 Ga, and such grains are not found in the Nowo-
lesie gneiss.

Fur ther more, global palaeogeographic cor re la tions
are not yet ac cu rate enough to give un equiv o cal source ar -
eas: zir cons from around 1.7–2.1 Ga have been re ported
from both the West Af ri can and Am a zo nian cratons (and
to a lim ited ex tent from Baltica), whereas youn ger zir cons, 
aged be tween 1.2 and 1.6 Ga, are more char ac ter is tic only
of the Am a zo nian craton (Zeh et al., 2001). More re li able
cor re la tions, pos si bly in volv ing other source ar eas (e.g.

East Af rica, Baltica) would re quire more geochronological 
data from the gneisses.

It is not cer tain when and how many migmatization
events the Nowolesie gneiss ex pe ri enced. Based on the
new SHRIMP data, two Neoproterozoic anatectic zir con
gen er a tions were re cog nised, dif fer ing in age by ~15 Ma.
They may rep re sent two dis tinct migmatization events, at
602 ± 7 Ma and 587 ± 4 Ma, re spec tively (Fig. 10). Both
these dates fall within the range of ages ob tained by var i -
ous meth ods from gneiss es of the Brunovistulian Terrane,
where re gional meta mor phism and plutonic ac tiv ity have
been linked to two phases of the Cadomian tectonother-
mal cy cle (Fin ger et al., 2000). A sim i lar time gap of 32 Ma
was found in the Strzelin gneiss from Dêbniki (Oberc-
Dziedzic et al., 2003b, 2005; Klimas, 2008) and sug gests a
two-stage tectonothermal event.

In the youn ger gen er a tion of zir cons from the
Nowolesie gneiss, frag ments of large bro ken mag matic
euhedral and os cil la tory zoned zir cons were dated. Apart
from that, a suite of di ver si fied CL-“whit ened” zir cons
have been found, with clear symp toms of recrystallization 
and fluid ac tiv ity that largely erased their zonation and,
pos si bly, caused their re ju ve na tion. Both these types of
zir cons could have been de rived from sep a rate mag matic
sources and sub se quently “jux ta posed” with the anatectic
zir cons. Pos si bly, some of the mag matic zir cons might
have been prod uct of synsedimentary volcanic activity.

We can not pre clude that the Nowolesie gneiss did not
also ex pe ri ence anatectic pulses dur ing the Variscan
tectono-meta mor phic re con struc tion (Oberc-Dziedzic,
1995) but, to date, no Variscan-age zir cons have been
found. Per haps newly formed anatectic melt was quickly
seg re gated and pressed out of the source rock, the re main -
ing re sid uum not hav ing the Zr sat u ra tion lev els nec es sary
for new zir con to crys tal lize dur ing the Variscan orog eny.
Such quickly re moved melts, how ever, usu ally leave their
trace in the form of overgrowths and nee dle-like,
long-pris matic zir cons (e.g. Schaltegger et al., 1999). Such
grains were ob served from the Nowolesie gneiss but these
prob a bly doc u ment the youn ger of the two Neoprotero-
zoic anatectic events, the one at 587 ± 4 Ma (Fig. 4: 24).

The small num ber of zir con crys tals in the Nowolesie
gneiss as well as the low Zr con cen tra tion in the bulk rock
(58 ppm re ported in Oberc-Dziedzic et al., 2005) are also
im por tant di ag nos tic fea tures. They may in di cate that the
gneiss protoliths were poor in zir con or that the early
formed anatectic melt had sep a rated from a Zr-rich
residuum.

A sig nif i cant fea ture of the zir cons of this study is the
lack of ev i dence of a “tri ple his tory” in their in te ri ors,
which would re cord a se quence of three, or more, se quen -
tial overgrowths. The older zir cons, 602 ± 7 Ma in age, are 
smaller and are con cen trated mainly in the finer-grained
frac tion. The youn ger zir cons of 587 ± 4 Ma are mostly
larger (0.12–0.20 mm). On the other hand, the ages of zir -
con cores in the coarser frac tion are, in gen eral, older,
com pared to those in the finer frac tion, even af ter re ject -
ing the points with rel a tively high discordance (Table 1).

The two Neoproterozoic tectonothermal events are
re flected not only by thin overgrowths with pla nar zon ing 
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Fig. 10. His to grams of the U–Pb ages for (a) the zir cons from
the Nowolesie gneiss (sam ple S6); and (b), the Strzelin gneiss
(sam ple S3).



on older cores, but also as in di vid ual crys tals with out
cores. Their forms and in ter nal struc tures sug gest that
most did not orig i nate from subsolidus nu cle ation and
crys tal li za tion. The dom i nant grains with over- growths
of the two age gen er a tions show fea tures typ i cal of zir cons 
that crys tal lized from an anatectic melt (e.g. Vavra et al.,
1996; Vavra et al., 1999; Schaltegger et al., 1999). Zir con
grains with two gen er a tions of overgrowths may rep re sent 
two pulses of crustal anatexis that se lec tively op er ated in
the metasedimentary rocks. It is not clear why only part
of any given zir con, and in par tic u lar those in the fine-
grained size frac tion (0.06–0.12 mm), got older over-
growths. It is also not clear why youn ger over- growths
did not form around the older overgrowths and why the
youn ger overgrowths are found mainly in the coarser-
grained fraction (0.12–0.20 mm).

It seems quite prob a ble that the Nowolesie gneiss un -
der went a two-stage par tial melt ing. The cause of this
could ei ther be from chang ing the bulk phys i cal and chem -
i cal con di tions of anatexis – T, P, com po si tion, fluid ac tiv i -
ties etc. – or it could re sult from se lec tive melt ing whereby 
parts of zir cons were se lec tively pro tected within min er als 
that did not take part in the anatexis. Fur ther more,
Ostwald rip en ing could have op er ated as a dif fer en ti at ing
fac tor be tween older, smaller zir cons and youn ger, larger
crys tals, be cause this rip en ing pro cess al lows larger crys -
tals to grow at the ex pense of the smaller ones dur ing
anatexis (Nemchin et al.,2001; Montero et al., 2004).

Al though the ob served age dif fer ences be tween zir con 
crys tals may sim ply re flect ra dio genic Pb*-loss in some of
the zir cons it seems most likely, in the Nowolesie gneiss,
to have re sulted from a com bi na tion of the fac tors men -
tioned above. This lat ter pos si bil ity is con firmed by core-
ab sent crys tals of the age of ~587 ± 4 Ma that com prise
many euhedral forms with os cil la tory mag matic zon ing
but show ing clear notch ing along edges and cor ners, as
well as bro ken frag ments of large crys tals. These de fects
could have re sulted from both sed i men tary and tec tonic
pro cesses but may also in di cate an ad mix ture of vol ca nic
ma te rial. The of ten ob served CL-“whitenings” of se lected
zon ing lay ers of ten sig nify ef fects of sub se quent fluid ac -
tions that may also cause Pb*-loss.

Based on the petrographic ev i dence of this study, and
com par ing the Nowolesie gneiss with sim i lar rocks of the
migmatitic dome of St. Malo, France, (Milord et al., 2001,
fig. 11, therein), we can rec og nize, in the Nowolesie
gneiss, ex am ples of both mesocratic diatexites with large
por tions of melt and metatexites with small por tions of
melt that show signs of solid-rock rhe ol ogy. Sam ple S6 can 
be in ter preted as a mesocratic diatexite with a banded
struc ture. This rock type may have formed by new melt
that had sep a rated from a rel a tively zir con-rich re sid uum,
pen e trat ing into and cap tur ing frag ments of both the re -
sid uum and the mesosomatic com po nents that them selves
were the re sult of in con gru ent melt ing of the gneiss
protolith. The com po nents of the palaeosome com prised
zir con, bi o tite and some plagioclase, es pe cially the Ca-rich 
va ri ety of ~An40 (Wojnar, 1995). The newly formed melt
was par tially seg re gated in the form of leucosomes and
small veins and nests. Among the Nowolesie gneiss are

also migmatites show ing stromatitic and nebulitic struc-
tures (Oberc-Dziedzic, 1995).

RE GIONAL COR RE LA TIONS AND
TEC TONIC IM PLI CA TIONS

The new SHRIMP re sults pre sented here have im pli -
ca tions for the re gional ge ol ogy of the east ern part of the
Fore-Sudetic Block, and in par tic u lar may con trib ute to
the dis cus sion on the lo ca tion of the ex ten sion of the Mol-
danubian Thrust Zone within that block (cf. Oberc-
Dziedzic & Madej, 2002; Oberc-Dziedzic et al., 2005).

The gneiss es of the Strzelin Mas sif, as a whole, have
pre vi ously been as signed to the Pro tero zoic (e.g. Oberc,
1966, 1972, 1975), but only re cently could this be proved
by geo chron ol ogi cal stud ies. The Goœciêcice gneiss from
the Strzelin Mas sif was the first to be dated and it yielded a
U–Pb evap o ra tion multigrain zir con age of 504 ± 3 Ma
(Ol i ver et al., 1993). This date was then re fined us ing the
sin gle-grain evap o ra tion method to 513 ± 1 Ma (Kröner & 
Mazur, 2003).

The pre vi ous SHRIMP zir con ages of 600 ± 7 Ma and
568 ± 7 Ma re ported from the Strzelin gneiss (Oberc-
Dziedzic et al., 2003b) when al lied with the 602 ± 7 Ma
and 587 ± 4 Ma ages from the Nowolesie gneiss in this
study pro vide firm geo chron ol ogi cal ev i dence for Neo-
pro tero zoic tectonothermal event(s) re corded in the
gneiss es of the NE part of the Fore-Sudetic Block.

The zir cons from the Strzelin and Nowolesie gneiss
of ten con tain older cores and youn ger, usu ally thin
overgrowths. The SHRIMP dat ing of these overgrowths
in zir cons from the Nowolesie gneiss al lowed to cor rect
sub stan tially the ear lier date of 1.020 ± 1 Ma (Kröner &
Mazur, 2003). As a con se quence, the ages of zir cons from
the Nowolesie gneiss, only a lit tle older than those from
the Strzelin gneiss, fit more rea son ably with a re gional
geo log i cal model in which both gneiss es be long to the
lower part of the tectonostratigraphic column (Fig. 11).

The 206Pb/238U SHRIMP ages of 500 ± 5 Ma from zir -
cons of the pale Stachów gneiss (Oberc-Dziedzic et al.,
2005; Klimas, 2008), to gether with the ear lier pub lished
ages of 504 ± 3 Ma from the Goœciêcice gneiss (Ol i ver et
al., 1993) help to dis tin guish lo cal Neoproterozoic from
Lower Palaeozoic gneiss es. The abil ity to now sep a rate
dif fer ent gneiss es may also help to dis tin guish be tween the 
dif fer ent gneiss com plexes of the two ma jor crustal units:
the Moldanubian and Saxo-Thuringian Zones of the Bo he -
mian Mas sif and the Brunovistulian Terrane, both be ing
sep a rated by the Moldanubian Thrust Zone (Franke &
¯elaŸniewicz, 2000, 2002; Schulmann & Gayer, 2000;
Aleksandrowski & Mazur, 2002). A di ag nos tic dif fer ence
seems to be that the Brunovistulian unit has an abun dance
of ~630–570 Ma gneiss es, whereas the Moldanubian/
Saxo-Thuringian unit is dom i nated by ~500 Ma gneiss es
(Fin ger et al., 2000; Oberc-Dziedzic et al., 2003b, 2005).
Thus, the Nowolesie and Strzelin gneiss es seem to cor re -
late with sim i lar gneiss es of the Cadomian Brunovistulian
base ment; the Goœciêcice gneiss and the Stachów and
Henryków gneiss es of the Stachów com plex cor re late
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with gneiss es in the Moldanubian and Saxo-Thuringian
zones (Oberc-Dziedzic et al., 2003b, 2005; Klimas, 2008;
cf. Figs. 1 & 10).

Thus, all the SHRIMP zir con data dem on strate that
there are rea son ably dis tinct and char ac ter is tic zir con pop -
u la tions from the gneiss es within the Brunovistulian and
the Moldanubian/Saxo-Thuringian tectonostratigraphic

units. In par tic u lar, the Nowolesie and Strzelin gneiss es
are as so ci ated with the Brunovistulian; the pale Stachów
gneiss cor re late with the Moldanubian/Saxo-Thuringian.
The na ture of the dis tinc tion be tween the zir con pop u la -
tions can be seen in the ages of the main zir con pop u la tion
overgrowths and the core-ab sent crys tals, and also in the
ages of the older cores (Fig. 10). The older gneiss es seem to
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Fig. 11. Sim pli fied log of the lithological sub di vi sions of the Strzelin and Stachów com plexes (mod i fied af ter Oberc-Dziedzic et al.,
2005). Map in cor po rates the new U–Pb data.



have mostly sed i men tary-de rived zir con cores that are
Palaeo- and Mesoproterozoic in age. The youn ger gneiss -
es, such as the Stachów gneiss, com monly contain Neo-
pro tero zoic zircon cores.

In sum mary, the new SHRIMP zir con data from the
Nowolesie gneiss sup plied fur ther ev i dence for the age and 
prov e nance of a va ri ety of gneiss es that are ex posed in the
east ern part of the FSB. The de tailed study of this gneiss
pro vided in for ma tion about the Palaeoproterozoic and
Mesoproterozoic ages of the in her ited zir cons. These ages
sug gest Gond wana (the West Af ri can craton and/or the

Am a zo nian craton) as a pos si ble source area. The ma jor
zir con pop u la tions in the Nowolesie gneiss doc u ment in -
tense meta mor phic and anatectic tectonothermal events
dur ing the Neoproterozoic, no ta bly at around 602 ± 7 Ma 
and at 587 ± 4 Ma. Con se quently, the Nowolesie gneiss
can be cor re lated with gneiss es that are wide spread
through out the Brunovistulian Terrane and can also be in -
ter preted as be ing lo cated on the east ern side of the north -
ern ex ten sion of the Moldanubian Thrust Zone (cf.
Oberc-Dziedzic et al., 2005).
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