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U-Pb SHRIMP ages of one granodiorite and two tonalite sam ples from the Strzelin Mas sif, north ern part of Brunovistulicum, re veal three 
dis tinct stages of Carboniferrous–early Perm ian granitoid magmatism: tonalitic I − 324 Ma, granodioritic – 305 Ma and tonalitic II/gra -
nitic – 295 Ma. The first stage of magmatism co in cided with the first migmatization event which took place shortly af ter the first de for -
ma tion. The sec ond stage of granitoid plutonism was co eval with the sec ond migmatization event which pro duced abun dant pegmatites.
It took place af ter compressional phases of the sec ond de for ma tion and was re lated to de com pres sion at the be gin ning of tec tonic de nu da -
tion. The third, most abun dant stage of magmatism was con nected with late ex ten sion in that part of the Variscan Orogen. 
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INTRODUCTION

The Bo he mian Mas sif, near the east ern ter mi na tion of the
Eu ro pean Variscan belt, is sub di vided into the Moldanubian,
Saxothuringian (Kossmat, 1927) and Teplá-Barrandian
(Franke, 1989) tectono-strati graphic zones, in ter preted by
some au thors as ter ranes (Matte et al., 1990) of the Armori can
Terrane As sem blage (Franke, 2000). The lo ca tion, ex tent and
cor re la tions of these zones in the Sudetes is still a mat ter of dis -
cus sion (e.g., Franke et al., 1993; Cymerman and Piasecki,
1994; Cymerman et al., 1997; Franke and Żelaźniewicz, 2000,
2002; Aleksandrowski and Mazur, 2002). Along the east ern
mar gin of the Bo he mian Mas sif, the Moldanubian Zone ad -
joins Brunovistulicum (Brunia af ter Zapletal, 1933, fide:
Dudek, 1980; Bruno-Vistulicum af ter Dudek, 1980; the Brunia 
con ti nent, Schulmann et al., 2009; Brunovistulia, Żelaźniewicz 
et al., 2009) of the Avalonian af fin ity (Fin ger et al., 2000;
Friedl et al., 2000). The bound ary be tween these was rec og -
nized by Suess (1912, 1926) as the Moldanubian Overthrust.
The Nyznerov Thrust (Skácel, 1989) in the East Sudetes and
the Strzelin Thrust in the Fore-Sudetic Block (Oberc-Dziedzic
et al., 2005; Żelaźniewicz and Aleksandrowski, 2008; Fig. 1)

are re garded as the NE con tin u a tion of the Moldanubian
Overthrust. Dur ing the early Car bon if er ous oblique col li sion of 
the Moldanubian and Brunovistulian ter ranes (Schulmann and
Gayer, 2000), the mar ginal part of Brunovistulicum, com posed
of Neoproterozoic gran ites, to gether with their sed i men tary
cover, was de formed into the nappe piles of the
Moravo-Silesian Zone (e.g., Fin ger et al., 1989; Franke and
Żelaźniewicz, 2000; Mazur et al., 2006). The rocks of the
Moravo-Silesian Zone emerge through the Moldanubian rocks
in the south ern Thaya Win dow, the cen tral Svratka Win dow
and the north ern Silesian do main (e.g., Schulmann and Gayer,
2000), named Silesicum by Suess (1912), which com prises the
Velké Vbrno and Keprník nappes as well as parautochthonous
gneiss es of the Desna Dome and their vol cano-sed i men tary
De vo nian cover of the Vrbno Group (Cháb et al., 1984; Mazur
et al., 2006). The north ern con tin u a tion of Brunovistulicum
was iden ti fied in the Strzelin Mas sif, in the Fore-Sudetic Block
(Oberc-Dziedzic et al., 2003a; Żelaźniewicz and Aleksan -
drowski, 2008; Fig. 2), as rep re sented by Neoproterozoic
gneiss es to gether with an older schist se ries (Oberc-Dziedzic et
al., 2003a), and the Jegłowa Beds, cor re spond ing to the De vo -
nian quartzites of the Silesian do main (Oberc, 1966). All these
rocks form the Strzelin Com plex. In the Strzelin Mas sif, frag -



ments of the Moldanubian Zone (Aleksandrowski and Mazur,
2002) also oc cur. They form small tec tonic klippen sep a rated
from the rocks of Brunovistulicum by the Strzelin Thrust
(Oberc-Dziedzic et al., 2005; Fig. 2). The klippen are com -
posed of gneiss es and schists of the Stachów Com plex
(Oberc-Dziedzic et al., 2005).

The collisional zones are of ten char ac ter ized by abun dant
gra nitic magmatism. In Brunovistulicum, Variscan gran ites are 

ab sent from its south ern, Moravian part. In the NW part of the
Silesian do main (Fig. 1), Variscan plutonic rocks form small
bod ies of peg ma titic mus co vite gran ite, bi o tite granodiorite,
peg ma tite and hornblende-bi o tite-quartz monzodiorite (Cháb
et al., 1994) and the rel a tively large Žulová Pluton com posed of 
gran ite and tonalite (Cháb and Žaček,  1994). In the Strzelin
Mas sif to the north, Variscan magmatism lasted about 30 m.y.
and pro duced many small plutonic bod ies, com posed of
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Fig. 1. Granitoids of the Sudetes, Fore-Sudetic Block and Odra Fault Zone

Variscan granitoids: Odra Fault Zone: GG – Gubin, SrG – Środa Śląska, SzG – Szprotawa, WrG – Wrocław;
Fore-Sudetic Block: GrG – Grodków, NG – Niemcza, SSG – Strzegom–Sobótka,  StG – Strzelin, ZG – Žulova; Sudetes:
KdG – Kudowa, KG – Karkonosze, KZG – Kłodzko–Złoty Stok; faults: MIF – Main Intra-Sudetic Fault, SMF – Sudetic
Mar ginal Fault, SOF – South ern Odra Fault, NOF – North ern Odra Fault; thrusts: NT – Nyznerov Thrust, ST – Strzelin
Thrust; rect an gle shows the po si tion of the Strzelin Mas sif



dioritic-tonalitic and gra nitic rocks of var i ous ages, struc tures
and chem i cal fea tures. 

In this con tri bu tion, we pres ent three stages of Variscan
magmatism rec og nized in the Strzelin Mas sif, within the
frame work of its tectonothermal evo lu tion.

GEOLOGICAL SETTING

The Strzelin Mas sif is sit u ated in the east ern part of the
Fore-Sudetic Block, 35 km south of Wroc³aw (Fig. 2). In the
pres ent pa per, the name “Strzelin Mas sif” is used in a new,
wider mean ing: it com prises poorly ex posed crys tal line rocks
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Fig. 2. Geo log i cal map of the Strzelin Mas sif (com piled by Oberc-Dziedzic and Madej, 2002, based on Oberc et al., 1988;
Wójcik, 1968; Wroñski, 1973 and Badura, 1979)

The Strzelin Thrust plane sep a rates the Stachów and Strzelin com plexes. In set map: Bo he mian Mas sif and Moravo-Silesian Zone
(grey-shaded); rect an gle shows the po si tion of the Strzelin Mas sif



of the Lipowe Hills (west ern part of the mas sif, for merly the
Lipowe Hills Mas sif) and crys tal line rocks of the Strzelin Hills
(east ern part of the mas sif, for merly the Strzelin Hills Mas sif)
(Oberc-Dziedzic et al., 2005). The west ern and east ern parts of
the Strzelin Mas sif are sep a rated by a 6 km-wide belt of Ce no -
zoic de pos its. In the mas sif, two struc tural units, sep a rated by
the Strzelin Thrust (Oberc-Dziedzic and Madej, 2002;
Oberc-Dziedzic et al., 2005), have been dis tin guished. The
lower struc tural unit (the footwall of the thrust) be longs to
Brunovistulicum, whereas the up per unit (the hang ing wall) is
con sid ered as part of Moldanubicum (Oberc-Dziedzic and
Madej, 2002; Oberc-Dziedzic et al., 2005). The rocks of the
lower unit are more wide spread in the east ern part of the
Strzelin Mas sif, whereas those of the up per unit pre dom i nate in 
the west ern part of the mas sif.

The lower struc tural unit is com posed of rocks of the
Strzelin Com plex, com pris ing gneiss es, an older schist se ries,
and a youn ger schist se ries (Fig. 2). The gneiss es of the Strzelin 
Com plex are rep re sented by: 

– the Strzelin orthogneiss – fine- to me dium-grained, por -
phy ritic bi o tite-mus co vite gneiss, with con form able in ter ca la -
tions of am phi bo lites in ter preted as for mer mafic dykes
(Szczepański and Oberc-Dziedzic, 1998) and typ i cal of the
north ern part of the Strzelin Mas sif; the Strzelin orthogneiss
shows zir con ages of 600 ±7 and 568 ±7 Ma (Oberc-Dziedzic
et al., 2003a); 

– the Nowolesie gneiss − migmatic sillimanite gneiss, rich in
pegmatites, but with no am phi bo lite in ter ca la tions, oc cur ring in
the south ern part of the Strzelin and Lipowe hills, with late
Neoproterozoic zir con ages (602 ±7 and 587 ±4 Ma, Klimas,
2008; 576 ±18 Ma, Mazur et al., 2010). Both the ages and geo -
chem is try of the gneiss es in di cate their af fin ity to the Bruno -
vistulian Terrane (e.g., Van Breemen et al., 1982; Kröner et al.,
2000; Oberc-Dziedzic et al., 2003a; Mazur et al., 2010).

The older schist se ries (Oberc-Dziedzic and Madej, 2002;
Oberc-Dziedzic et al., 2005) of un known age is com posed of
am phi bo lites, mica schists, calc-sil i cate rocks and mar bles.
These rocks ac com pany the Strzelin orthogneiss and al most
no where are in con tact with the Nowolesie gneiss.

The youn ger schist se ries (the Jegłowa Beds; Oberc, 1966)
con sists of quartzites, quartz-seri cite schists and meta -
conglomerates, the protoliths of which were in ter preted to have 
been de pos ited in a back-arc ba sin dur ing early- to mid-De vo -
nian times (Szczepański, 2007). The Jegłowa Beds were cor re -
lated with the quartz ite for ma tion in the Jeseník Moun tains of
the East Sudetes (Bederke, 1931; Oberc, 1966), con tain ing
Early De vo nian fos sils (Chlupáč, 1975). 

The up per struc tural unit (the hang ing wall of the Strzelin
Thrust) is a part of Moldanubicum (Aleksandrowski and
Mazur, 2002) rep re sented there by sev eral tec tonic klippen. It
com prises the rocks of the Stachów Com plex: dark,
fine-grained paragneisses, as well as coarse-grained, por phy -
ritic orthogneisses which have yielded late Cam brian/Or do vi -
cian (~500 ±5 Ma) zir con ages (Ol i ver et al., 1993; Kröner and
Mazur, 2003; Oberc-Dziedzic et al., 2003b; Klimas, 2008;
Mazur et al., 2010) typ i cal of the Moldanubian Zone (e.g.,
Turniak et al., 2000) and Saxothuringian Zone (Ol i ver et al.,
1993; Kröner et al., 2001; Oberc-Dziedzic et al., 2010). The in -
ter ca la tions of paragneisses, with mica schists and am phi bo -

lites, are in ter preted as a Neoproterozoic or early Pa leo zoic
meta mor phic en ve lope of the granitoid protolith of the
~500 Ma orthogneisses (Oberc-Dziedzic and Madej, 2002). 

The struc ture of the Strzelin Mas sif was formed dur ing the
Variscan orog eny in the course of two stages: the first, com -
pres sive stage that com prised D1 and D2 de for ma tion events,
and the sec ond, extensional stage, com pris ing D3 and D4 events 
(Oberc-Dziedzic and Madej, 2002). The nape stack ing, i.e. the
for ma tion of the Strzelin Thrust and thrust-bounded units of
lower rank (Oberc, 1966; Cymerman, 1993; Oberc-Dziedzic,
1999), which took place dur ing D1, gave rise to crustal thick en -
ing and an in crease in tem per a ture. As a con se quence, the
gneiss es of the south ern part of the mas sif achieved anatectic
con di tions at T = 720oC and 6.5 ±1 kbar (Oberc-Dziedzic and
Madej, 2002). The first stage of anatexis, af ter D1 and dur ing
D2, was fol lowed by de com pres sion re lated to the be gin ning of
tec tonic de nu da tion. The de com pres sion gave rise to the sec -
ond stage of anatexis which pro duced pegmatites and
leucocratic gran ites. The P-T con di tions dur ing the for ma tion
of the pegmatites were es ti mated as T = 600oC and P = 3 kbar
based on a Grt + Bt + Sil + Ms as sem blage (Oberc-Dziedzic
and Madej, 2002). Sub se quently, dome-like up lift of migma -
tized rocks took place (Oberc-Dziedzic and Szczepański, 1995; 
Szczepański and Mazur, 2004). The for ma tion of the dome was 
ac com pa nied by grav i ta tional col lapse (Szczepański, 2001). 

The Strzelin and the Stachów com plexes were in truded by
four groups of Variscan granitoids (the num bers of the groups,
1 to 4, are re ferred to fur ther in the text): (1) granodiorites, (2)
tonalites and quartz diorites, (3) me dium- and fine-grained bi o -
tite gran ites, and (4) two mica gran ites (Oberc-Dziedzic et al.,
1996). The Strzelin Variscan granitoids are rather ex cep tional
in the Sudetes area due to their petrographic vari abil ity and be -
cause they do not form a large sin gle in tru sion but many small
iso lated bod ies, mostly stocks and flat veins, typ i cally tens of
metres thick (Oberc-Dziedzic, 1991). Their size and three-di -
men sional form were de duced from com bin ing map ping data
with struc tural ob ser va tions, ther mal au re oles and mu tual re la -
tion ships be tween granitoids and their meta mor phic en ve lope
in ex po sures and in a num ber of bore holes. 

The granodiorites ei ther form parts of gran ite and tonalite
in tru sions or sep a rate bod ies. In the for mer case, they are  tex -
tur ally sim i lar to the granitoid dom i nat ing in the in tru sion. In
sep a rate bod ies, the granodiorites show a me dium-grained tex -
ture, lo cally por phy ritic, with par al lel align ment of bi o tite, and
some of them con tain green hornblende. Field data show that
the granodiorites (1) were emplaced in the Strzelin Mas sif at
the begining of the Variscan ig ne ous ac tiv ity. The petrographic
and geo chem i cal fea tures, as well as the ages of these rocks, are 
for the first time, pre sented in this pa per.

The tonalites (2) are me dium- or fine-grained rocks. They
form small bod ies which were emplaced in two mag matic
events: first, at the begining of the Variscan plutonic ac tiv ity,
be fore the granodiorites (1), and sec ond, at the end of that ac tiv -
ity. The youn ger me dium-grained tonalites ex posed at Gęsiniec 
were ex am ined in de tail by Pietranik and Waight (2008); they
were also dated at ~294 Ma us ing the Rb-Sr method (Pietranik
and Waight, 2005) and 291 ±5.5 Ma by the Pb-evap o ra tion zir -
con method (Turniak et al., 2006). The pres ent pa per pro vides
new petrographic, geo chem i cal and SIMS U/Pb zir con age data 
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for the old est, me dium-grained tonalites from Bożnowice, and
for the youn ger fine-grained tonalites from Kalinka Hill in the
south ern part of the Strzelin Mas sif (Fig. 2).

The quartz diorites (of group 2) are dark, me dium- and
fine-grained rocks, of ten with black ag gre gates of hornblende
and bi o tite. They form small bod ies known mainly from bore -
holes. They have not been dated. The tex tures and min eral
com po si tion of the tonalites and quartz diorites change con sid -
er ably within a mag matic body (Oberc-Dziedzic, 2007).

Group (3) of granitoids com prises me dium-grained bi o tite
gran ite and fine-grained bi o tite gran ite, tegether form ing the
larg est in tru sion in the Strzelin Mas sif (Oberc-Dziedzic, 2007). 
These rocks have been dated at 347 ±12 Ma (Rb-Sr whole rock
method; Oberc-Dziedzic et al., 1996). A youn ger age of 301
±7 Ma was ob tained by Turniak et al. (2006) us ing the
Pb-evap o ra tion zir con method.

The pale, fine-grained bi o tite-mus co vite gran ites (group 4)
oc cur as dykes cross-cut ting all types of granitoids or as sep a -
rate in tru sions. These rocks con tain mus co vite, an da lu site and
pinite pseudo morphs af ter cor di er ite (Bereś, 1969; Lorenc,
1987). The two mica gran ites were dated at 330 ±6 Ma (Rb-Sr
whole rock method; Oberc-Dziedzic et al., 1996; Oberc-
 Dziedzic and Pin, 2000). How ever, bear ing in mind that the
two mica gran ites cut other granitoids in the mas sif, the Rb-Sr
data should be re jected as too old in the light of the new ages re -
ported for the bi o tite gran ites and tonalites.

The rocks stud ied here come from the south east ern part of
the Strzelin Mas sif (Fig. 2). This part of the mas sif is com -
posed of the Strzelin gneiss, with in ter ca la tions of am phi bo -
lite, mica schist and calc-sil i cate rock, which all were
overthrust on the pre cur sors of the Nowolesie gneiss dur ing
de for ma tion D1 (Oberc, 1966; Oberc-Dziedzic and Madej,
2002). The Variscan granitoids in ves ti gated com prise a
granodiorite and me dium-grained tonalite drilled in the B1
bore hole near Bożnowice vil lage, and a fine-grained tonalite
ex posed on Kalinka Hill in the south ern part of the Strzelin
Hills (Fig. 2). In the 240 m deep bore hole B1, the granodiorite 
forms sev eral bod ies, 1–30 m thick, sur rounded by gneiss and
migmatite. The granodiorite con tacts with the gneiss are sharp 
and both rocks of ten interfinger. The tonalite from the B1
bore hole (the Bożnowice tonalite) forms two bod ies, 0.5 and
1.5 m-thick in the bore hole, sur rounded by granodiorite
(0.5 m-thick) and migmatized gneiss (1.5 m-thick). The con -
tacts of the tonalite bod ies with the granodiorite and gneiss are 
dif fuse. In bore hole B1, apart from the me dium-grained
tonalite, a fine-grained va ri ety of tonalite oc curs. It forms
2.5–11 m-thick bod ies. The re la tion ships be tween the two
tonalite va ri et ies are un clear. The fine-grained va ri ety of
tonalite and the fine-grained gran ite, cut ting the gneiss and
granodiorite, have not been ex am ined in de tail. 

The Kalinka tonalite forms one of the larg est tonalite bod ies 
in the en tire Strzelin Mas sif (Fig. 2). The body is a stock with a
60 m thick apophysis (Oberc-Dziedzic, 1991). The pe trog ra -
phy of the Kalinka tonalite was de scribed by Bereś (1969) and,
more re cently, by Białek (2006). Our stud ies of the Kalinka
tonalite con cen trated on the most wide spread va ri ety dated
here by the SHRIMP method.

ANALYTICAL METHODS

The sam ples of granitoids and coun try rocks for
petrographic and geo chron ol ogi cal stud ies were taken from
bore hole B1 sit u ated north of Bożnowice vil lage in the south -
east ern part of the Strzelin Mas sif, and from a small ex po sure
on Kalinka Hill in the cen tral part of the mas sif (Fig. 2). 

The petrographic ob ser va tions are based on 36 thin sec tions 
ex am ined un der the po lar iz ing mi cro scope. The chem i cal com -
po si tion of rock-form ing min er als was ana lysed at the Inter-In -
sti tute An a lyt i cal Com plex for Min er als and Syn thetic Sub -
stances, Elec tron Microprobe Lab o ra tory, Fac ulty of Ge ol ogy,
the Uni ver sity of War saw. Anal y ses on 5 spec i mens were car -
ried out with the CAMECA SX 100 in stru ment, at the ac cel er a -
tion volt age 15 kV, the elec tron beam cur rent 10 nA for anal y -
ses of plagioclase and mica, and 20 nA for other min er als, and
at count ing time 20 s. The stan dards in cluded both the min er als
and syn thetic sub stances. The raw data were pro cessed with the 
PAP soft ware sup plied by CAMECA. 

Six rock sam ples (Ta ble 1) were ana lysed for ma jor, trace
and rare earth el e ments, us ing com bined ICP-OES and
ICP-MS tech niques (Actlabs, Can ada, code “4Lithores”).

One sam ple of granodiorite and 2 sam ples of tonalite have
been ana lysed by C. Pin (Uni ver sity Blaise Pascal, Clermont-
 Ferrand) for Sm-Nd iso topes, fol low ing pro ce dures de scribed
by Pin and Santos Zalduegui (1997). The an a lyt i cal data are
listed in Ta ble 2 (data from Oberc-Dziedzic et al., 2009b). The

ini tial 143Nd/144Nd ra tios are ex pressed as εNdi val ues, cor -
rected for in situ de cay of 147Sm, as sum ing an age of 305 Ma for 
the granodiorite, 325 Ma for the Bożnowice tonalite, 295 Ma
for the Kalinka tonalite, and with model ages rel a tive to the de -
pleted man tle model of De Paolo (1981a, b).

Three sam ples have been se lected for SHRIMP zir con dat -
ing: B1 188.2 – me dium-grained tonalite, Bożnowice, bore hole 
B1; B1 117.5 – me dium-grained granodiorite, Bożnowice,
bore hole B1; and KAL – fine-grained tonalite from Kalinka
Hill (Fig. 2). These sam ples, each ca. 5 kg in weight, were
crushed and the heavy min eral frac tion (0.06–0.25 mm) sep a -
rated us ing a stan dard pro ce dure with heavy liq uid and mag -
netic sep a ra tion. 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 made along with CL and
BSE im ages in or der to se lect grains and choose sites for anal y -
sis. 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. Over all, 22 anal y ses in each of the three 
sam ples were per formed.

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 bles 3–5, and in Fig ures 8–13.

Doc u men ta tion of the re search (sam ples, thin sec tions, re -
sults of whole-rock, EMP and other anal y ses, and the photo
doc u men ta tion) are in the pos ses sion of the au thors. 
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PETROGRAPHY

COUNTRY ROCKS

Orthogneiss from the Bożnowice re gion,
be ing the coun try rock for the Variscan
granitoids, is known from sev eral ex po sures
and from two bore holes (B1 and B2). It is a pale 
grey, fine-grained rock, with microcline
porphyroblasts in places, show ing a clearly vis -
i ble fo li a tion de fined by lay ers of quartz and
plagioclase-microcline and bi o tite streaks. The
po lyg o nal shapes of quartz and feld spar grains,
abun dance of sillimanite, pres ence of inter gra -
nu lar film of al bite and myrmekite, to gether
with rare leucosome and more of ten with bi o -
tite-rich selvages of melanosome (up to
20 mm-thick), par al lel fo li a tion, all are sug ges -
tive of high tem per a ture meta mor phic con di -
tions and an in cip i ent stage of migma tization.
At the con tact with granodiorite and migmatite,
the gneiss es lose their fo li a tion and be come
very fine-grained, nearly apha ni tic. 

Migmatites (sam ple B1 89.5) form rare in -
ter ca la tions within the gneiss. At the con tacts
with the granodiorite, the migmatites are en -
riched in plagioclase and quartz-feld spar veins,
whereas the granodiorite of ten con tains scraps
of migmatite. The migmatites are com posed of
1.0–1.5 cm len tic u lar do mains of quartz and
sim i lar-sized very fine-grained do mains of
quartz-plagioclase, with mi nor bi o tite. Lo cally,
the plagioclase of such do mains forms larger
grains host ing cha ot i cally ar ranged bunches of
sillimanite. Bi o tite ac com pa nied by such
plagioclase does not show any signs of trans -
for ma tion. Both types of do main are sur -
rounded by pack ets of coarse-grained bi o tite.
Lo cally, the migmatites grade into bi o tite
schists (sam ple B1 89.7) with clearly vis i ble fo -
li a tion de fined by bi o tite and bunches of
sillimanite. Small plagioclase and rare micro -
cline grains oc cur among the quartz grains. The
mica schists con tain also pris matic sillimanite
and late mus co vite, the lat ter be ing a prod uct of
plagioclase and sillimanite al ter ation.

In the migmatites, larger, rounded
plagioclase grains, 1–3 mm in di am e ter, form
clus ters or sin gle crys tals sur rounded by bi o -
tite. They con tain 38–46% An in the core and
22–26% An in the rim. The cores are ir reg u lar
and embayed. The large plagioclase grains
con tain in clu sions of small rounded flakes of
bi o tite. The com po si tion of small rounded
plagioclases from very fine-grained do mains,
and of larger anhedral grains as so ci ated with
sillimanite, is the same as that of the rims of the 
large plagioclase grains, i.e. 23–27% An. 
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[%] 
Granodiorite Tonalite

B1 92 B1 92J B1 188J B1 188.2 K2c KAL

SiO2 69.59 68.97 62.57 61.36 58.25 59.16

TiO2   0.37   0.38     0.764 0.9   1.16   1.15

Al2O3 15.87 16.3  13.79 15.7 17.04 16.54

Fe2O3   2.53   2.23   5.96 6.45   7.23   6.98

Cr2O3  <0.002    0.001 0.018     0.008    0.009

MnO   0.04   0.03     0.117 0.1   0.11   0.11

MgO   0.88   0.82   4.11 3.91   3.32   3.28

CaO   2.48   2.45   7.25 4.64   5.61   5.47

Na2O   4.01   3.99   1.74 2.32   3.35   3.29

K2O   3.15   3.46   1.99 2.49   2.44   2.38

P2O5   0.01   0.02   0.42 0.32   0.42   0.41

LOI 0.7 1.5 1   0.9

To tal 99.64 98.65 98.71 99.68 99.94 99.71

A/CNK 1.1 1.1 0.8 1 0.9 0.9

A/NK 1.6 1.6 2.7 2.4 2.1 2.1

ppm

Cu 170.5     65.5 28.9  22.5  

Pb 4  5  2.4 2.7 1.6

Zn 38    36    46     53 75     63    

Ni 45     31.6 18.5  17.7  

Au <0.5 10.9  0.5

Tl 0.4 0.3 0.3 0.4 0.4 0.4

Ba 1502        1627         461      651 513.1    551      

Co 74    97      26    65.5 82.5  52.2  

Cs 3.8 3.9 2.0 2.7 1.6 1.6

Ga 17.3  17.4  20    20.8 21.1  21.6  

Hf 4.6 4.1 7.4 8.6 7.8 8    

Nb 8.4 7.8 18.1  22.7 25.1  28      

Rb 101       99     83    101.7 82.7  91.8

Sn 2   2    2  3 3   3  

Sr 599       594       292      292.6 317.5     333.5  

Ta 0.6 0.5 2.7 1.4 1.8 1.6

Th 2.1 2.7 14.5  11.3 10.5  7.9

U 1.8 1.7   5.32 6.1 1.6 1.9

V 32     30     87     98 116       128      

Zr 148      130       312       335.6 316.6    346.6    

Y 3.9 3.3 33.0  29.9 35.9  34.4  

La 5.9 7   71.0  43.7 55.1  42.6  

Ce 9.4 11    132       90.9 114.8    87.5  

Pr   0.97   0.95 15.0  11.4 12.48 11.61

Nd 2.7 3.6 55.3  40.3 46.3  41.7  

Sm   0.34 0.6 10.2  7.45 9.3   8.19

Eu   0.92   1.31   1.86 1.45   2.01   1.97

Gd   0.41   0.33   8.36 5.83   7.67   7.03

Tb   0.07   0.07   1.26 0.95   1.25 1.1

Dy   0.14   0.56 6.5 5.28   6.27   6.24

Ho   0.12 0.1   1.27 0.99   1.25   1.18

Er   0.43   0.38   3.33 2.87   3.37   3.32

Tm   0.08   0.08   0.51 0.43   0.51   0.48

Yb   0.48   0.53   3.03 2.6   2.72   2.94

Lu 0.1   0.09   0.44 0.42   0.44   0.45

Σ REE 22.06 18     310.06  214.57 263.47  216.31  

LaN/YbN   8.22   8.83 15.69 11.2 13.55 9.7

Eu/Eu*   7.57   9.05   0.62 0.68   0.73 0.8

A/CNK A = mol Al2O3, C = mol CaO, N = mol Na2O, K = mol K2O, CNK = C + N + K, NK = N + K

T a  b l e  1

Chem i cal anal y ses of granodiorite and tonalite from bore hole B1
and of the Kalinka tonalite



K-feld spar was de tected us ing EPMA as very rare small
grains hid den among plagioclases in the ma trix. It con tains up
to 10.6% of Ab and 2.3% Cs com po nents but prac ti cally no An.

Coarse-grained bi o tite is char ac ter ized by con stant
Mg/(Mg + Fe) ra tios of ~0.43 (Fig. 3). The Ti4+con tent in this
kind of bi o tite is dis tinctly higher and AlVI is lower than in
biotites en closed in larger plagioclases from the very fine-
 grained do mains (re spec tively: Ti4+: 0.32 to 0.42 apfu vs. 0.29;
AlVI: ~0.85 apfu vs. ~1.0 apfu). The very fine-grained do mains
prob a bly formed dur ing in cip i ent melt ing. 

GRANODIORITE

Sam ple B1 92.3 is a me dium-grained granodiorite com -
posed of quartz, plagioclase, K-feld spar and bi o tite. Pale grey-
 blu ish K-feld spar pheno crysts, up to 1 cm across, are rare.

The K-feld spar grains con sist of the core, rich in Ab (up to
15%) and Cs (up to 3.6%) com po nents (Fig. 4A), and the zoned 
rim, re flect ing vari able Ba con tents (Fig. 4A). In places, a thin
zone of tiny in clu sions of feld spar of Or56.7-Ab31.6-An10.7-Cs1.0

is vis i ble be tween the core and rim. K-feld spar grains con tain
in clu sions of plagioclase, bi o tite, il men ite and quartz in their in -
ner parts (Fig. 4A), but rims are free of in clu sions, ex cept the
bor ders, that con tain in clu sions of plagioclases of ~27% An
formed by the cor ro sion of plagioclase by K-feld spar (Fig. 4B). 
In the ma trix, K-feld spar forms small anhedral grains among
rounded plagioclase (Fig. 4C). 

Plagioclase forms two types of grain: larger, tab u lar crys -
tals, sev eral mm long, lo cally de formed (Fig. 4D), and smaller
rounded grains (Fig. 4E), en vel oped by bi o tite. Both types have 
cor roded cores con tain ing 40–51% An (46% in rounded
grains) and rims, in which An con tent de creases from 35% An
in the in ner part to 26% at the mar gin. Be tween the cores and
rims, there is a zone con tain ing 26–30% An (Fig. 4D, E).
Plagioclase forms also in clu sions in K-feld spar. In such in clu -
sions, the in ner parts, con tain ing 22–25% An, are sur rounded
by rims of pure al bite. A sim i lar com po si tion is ob served in
perthitic inter growths in K-feld spar pheno crysts. Small grains
in the ma trix con tain about 28% of An (Fig. 4C), sim i larly as 
rims of larger grains. 

Bi o tite in the granodiorite has a very con stant com po si tion.
The Ti4+ con tent is usu ally within the range of 0.40–0.46 apfu,
AlVI is 0.60–0.70 apfu, ex cep tion ally higher (Fig. 3). The com -
po si tion field of the bi o tite from the granodiorite partly over -
laps those from migmatites and mica schists (Fig. 3). 

TONALITES

The Bożnowice tonalite is a dark grey, me dium-grained
rock, ho mog e nous in the in ner part of the in tru sion, and show -
ing schlieren struc ture to wards the con tact with the coun try
rocks. The ma trix dis plays a hipidiomorphic tex ture, de fined by 
plagioclase laths. Apart from the small plagioclases, larger
grains of that min eral, with older cores, are spot ted. In places,
they form clus ters sur rounded by a com mon rim. Dark min er -
als, bi o tite and am phi bole, form sep a rate monomineral clus ters. 
Commonly, the am phi bole clus ters are over grown by bi o tite. 
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Sam ple Type Sm Nd Sm/Nd 147Sm/144Nd 143Nd/144Nd eNd0 eNd(t)
Age (t)
[Ma] TCHUR

TDM
[Ga]

1 B1 92.3 granodiorite
Bożnowice 0.527   3.87 0.14 0.0823 0.512015 (2) –12.2 –7.7 305 1.20 1.20

2 B1 188.2 tonalite
Bożnowice 7.65  41.6 0.18 0.1111 0.512236 (2) –7.9 –4.3 325 0.72 1.20

3 KAL tonalite 
Kalinka 7.96  42.3 0.19 0.1136 0.512275 (2) –7.1 –4.0 295 0.67 1.17

TCHUR – T-Chondritic Uni form Res er voir model ages; TDM – T-De pleted Man tle model ages

T a  b l e  2

Sm-Nd iso tope data for granodiorite and tonalie from bore hole B1 and for the Kalinka tonalite 
(data from Oberc-Dziedzic et al., 2009b)

Fig. 3. Com po si tion of bi o tite from the Bożnowice migmatite,
granodiorite and tonalite and from the Kalinka tonalite

A – Mg/(Mg+Fe) vs. AlVIdi a gram; B – Mg/(Mg+Fe) vs. Ti4+di a gram



The Kalinka tonalite is a fine-grained rock com posed of
euhedral laths of plagioclase, 0.5–1 mm in size, de fin ing a
hipidiomorphic tex ture, and of quartz, am phi bole, bi o tite and
ap a tite. K-feld spar forms rare min ute grains. 

A com mon fea ture of the plagioclase of the Bożnowice and
Kalinka tonalites is the pres ence of a cleft at the bor der be tween

the in ner and outer parts of a grain (Fig. 5A–D, F). This cleft is
usu ally empty, but can be filled with py rite (Fig. 5F). Larger (up
to 2 mm) grains of plagioclase in the Bożnowice tonalite dis play
euhedral in ner parts and ir reg u lar, zoned rims (Fig. 5A, B). The
in ner parts con tain a dis mem bered and embayed core, with up to
76% An, rimmed by 38–42% An plagioclase (Fig. 5B, pro file
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Fig. 4. Min er als of granodiorite B1 92.3

A – zoned K-feld spar phenocryst, num bers show celsian con tent, crossed polars; B – cor ro sion of plagioclase (Pl) by K-feld spar (Kfs),
BSE im age; C – anhedral grains of Kfs among rounded plagioclase grains (Pl) of the ma trix, BSE im age; D – cracked grain of
plagioclase (Pl), crossed polars, be low: pro file show ing An con tent; E – rounded plagioclase grain sur rounded by bi o tite (Bt), crossed
polars, be low: pro file show ing An con tent
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Fig. 5. Min er als of tonalites

A – plagioclase from B1 188.2 tonalite, crossed polars; B – the same grain as (A) in BSE im age; be low: pro files a–b and c–d
show ing An con tent in plagioclase, r – rim, c – core; C – plagioclase twins in Kalinka tonalite K2-5, crossed polars; be low: pro -
files 1 and 2 show ing An con tent in plagioclase; D – BSE im age of plagioclases in Kalinka tonalite with hipidiomorphic tex ture;
be low: pro file 1, 2, 3 show ing An con tent in one of grains; E – euhedral grain of hornblende (Hbl) in Kalinka tonalite; be low:
compositional pro file (a–b) of hornblende; F – B1 188.2 tonalite: two pseudo morphs af ter am phi bole com posed of small grains
of magnesiohornblende (Hbl), sur rounded by bi o tite (Bt); at the bot tom, plagioclase grain (Pl) with the core sur rounded by a
cleft filled with py rite; sim i lar clefts but not filled, are vis i ble also on A–D, one po lar 



a–b, c part on the graph). The An con tent oc ca sion -
ally de creases to ~25% An (Fig. 5B – graph). In the
outer part, the An con tent near the cleft in creases up
to 64% and sharply (left side of graph Fig. 5B) or
grad u ally de creases to 32% (c–d pro file, right side
of graph, Fig. 5B). Small anhedral laths of
plagioclase from the ma trix of the Bożnowice
tonalite have the same con tent of An as the outer
parts of larger grains, i.e. up to 64% An in the cores,
and 26–35% An in the rims.

In the Kalinka tonalite, the An con tent in the
in ner parts of plagioclases is only slightly vari able, 
be tween 64% An and 61% An (Fig. 5C, D). In the
outer parts, out side the clefts, the An con tent de -
creases from 62 to about 30% and then in creases to 
37% (Fig. 5D graph). 

The large plagioclase grains in the Kalinka
tonalite show sim ple zonation pat terns, com pared
with the com plex ones in the Bożnowice tonalite.
The com po si tion of the Kalinka plagioclases and the rims of
the larger plagioclase grains and small ma trix grains in the
Bożnowice tonalite are sim i lar. 

In both types of tonalite, bi o tite forms clus ters and sin gle
plates, or overgrowths on am phi bole clus ters. The chem i cal
com po si tion of the bi o tite does not de pend on its po si tion in the
rock. The Mg/(Mg + Fe) ra tios of biotites in the Bożnowice
tonalite are higher com pared with those in the Kalinka tonalite.
Both tonalites have these ra tios higher than the granodiorite
and migmatite. The biotites in the Kalinka tonalite are richer in
Ti (0.36–0.45 apfu) com pared with the Bożnowice tonalite
(0.19–0.24 apfu). In con trast, the AlVIcon tent is higher in the
bi o tite from the Bożnowice tonalite (0.38–0.51 apfu) than that
from the Kalinka tonalite (0.22–0.34 apfu) (Fig. 3). 

In both types of tonalite, am phi boles usu ally form clus ters
of small, pale green grains (Fig. 5F). The euhedral grains are
only oc ca sion ally found in the Kalinka tonalite (Fig. 5E). Fol -
low ing the pro ce dure of Leake et al. (1997), the am phi boles in
the Bożnowice and Kalinka tonalites be long to the calcic
group, with CaB >1.5, (Na + K)A <0.50 and CaA <0.50. In both
tonalites, the am phi boles are actinolite and magnesio -
hornblende, with Mg/(Mg + Fe) ra tios 0.64–0.80 in the
Bożnowice tonalite, and 0.57–0.70 in the Kalinka tonalite
(Fig. 6). The cores of the larger, euhedral am phi bole grains
from the Kalinka tonalite show much higher con tents of Al, Na, 
K, Ca and Ti, and lower con tents of Si than the small anhedral
am phi bole grains. Their com po si tion is close to tschermakite
(Fig. 5E, graph; Fig. 6). 

BULK-ROCK CHEMISTRY

MAJOR ELEMENTS IN GRANODIORITE
AND TONALITES

The Bożnowice granodiorite (B1 92) is a sil ica-rich (69%
SiO2) and po tas sium-rich (3.15–3.46% K2O), peraluminous
rock, with A/CNK of 1.1 (Ta ble 1), and rel a tively high, up to
1.4%, con tents of nor ma tive co run dum. The pro por tion of nor -
ma tive orthoclase (28%) and nor ma tive plagioclase (Ab + An

~ 46%) is typ i cal of granodiorite. The Bożnowice (B1 188) and
the Kalinka (K2c, KAL) tonalites show small but dis tinct dif -
fer ences in the ma jor el e ment con tents. The Bożnowice tonalite 
is richer in SiO2 and MgO but poorer in TiO2, Al2O3, Fe2O3,
K2O and Na2O than the Kalinka tonalite. Both tonalites are high 
potassic, metaluminous rocks with A/CNK 0.8–1.0 (Ta ble 1).

TRACE AND RARE EARTH ELEMENTS
IN GRANODIORITE

The Bożnowice granodiorite is very rich in Ba
(1500–1627 ppm) and Sr (~600 ppm). Ba con tents are
200–600 ppm higher and Sr about 200 ppm higher than in other 
granodiorites in the Cen tral and East Sudetes (Oberc-Dziedzic
et al., 2009b). The Zr/Nb (16.66–17.62), Nb/Th (2.88–4.0) and
Ce/Pb (2.2–2.35) ra tios are com pa ra ble with those of the con ti -
nen tal crust (Hofmann, 1988; Wedepohl et al., 1991; Nutman
et al., 1999; Oberc-Dziedzic et al., 2009a).

The multi-el e ment di a gram of trace el e ment con cen tra tions
nor mal ized to chondrite (Fig. 7A) is char ac ter ized by strong Th
and P neg a tive anom a lies and strong pos i tive anom a lies of Sr,
Zr and Hf; how ever, there are no neg a tive anom a lies of Nb and
Ta, usu ally con sid ered as typ i cal of con ti nen tal crust ma te rial
(Tay lor and McLennan, 1985). The neg a tive phos pho rus
anom aly re flects prob a bly ap a tite frac tion ation and re moval or
scar city of this com po nent in the source ma te ri als.

In the Bożnowice granodiorite, the to tal REE con tent is
very low, 18–22 ppm (Ta ble 1). The chondrite-nor mal ized
REE pat terns (Fig. 7B) dis play dis tinct, steep de creas ing LREE 
and slightly in creas ing HREE branches, ap par ently in di cat ing
spe cific chem i cal char ac ter is tics of the magma source. The
(La/Yb)N ra tios are 8.22–8.83. The most char ac ter is tic fea ture
of the granodiorite REE pat terns is a pro nounced pos i tive
anom aly of Eu/Eu*, be tween 7.57–9.05, in di cat ing that this
rock con tains sub stan tial amounts of cu mu lus plagioclase, also
clearly seen in the high Sr con tents.

The en rich ment of the granodiorite in Ba, Sr and Eu (in
pro por tion to La and Y), all sug gest feld spar frac tion ation
pro cesses. 
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Fig. 6. Compositional vari a tion of am phi boles from Bożnowice and Kalinka
tonalites shown on the Leake et al. (1997) clas si fi ca tion di a gram; 31 anal y ses



TRACE AND RARE EARTH ELEMENTS
IN TONALITES

The Bożnowice tonalite and the Kalinka tonalite dis play
sim i lar con cen tra tions of trace el e ments, ex cept Ni, U and Cu,
which are much higher in the Bożnowice tonalite than in the
Kalinka tonalite (re spec tively, Ni: 31.6–45 and 17.7–18.5; U:
5.32–6.1 and 1.6–1.9, Cu: 65.5–170.5 and 22.5–28.9 ppm; Ta -
ble 1). On the di a grams of trace el e ment con cen tra tions nor -
mal ized to chondrite (Fig. 7C, E), all tonalite sam ples show
neg a tive Nb, Sr and Ti anom a lies. The Nb anom aly is con sid -
ered as typ i cal of con ti nen tal crust (Tay lor and McLennan,
1985). The dis tinct neg a tive Sr anom aly (Fig. 7C, E) re flects
the low con cen tra tion of this el e ment in the tonalites
(292–333 ppm) com pared with that in chondrite (11 800 ppm;
Thomp son, 1982), but sim i lar to that in up per crust (350 ppm;
McLennan et al., 2006). The Sr, P and Ti neg a tive anom a lies
point, re spec tively, to plagioclase, ap a tite, and il men ite frac -

tion ation and re moval. The com bined neg a tive Eu- and Sr
anom a lies sug gest that plagioclase was ei ther an im por tant re -
sid ual min eral in the source or was (partly?) re moved dur ing
frac tional crys tal li za tion (Green, 1980).

The ab so lute abun dances of to tal REE in the Bożnowice
and Kalinka tonalites are much higher (214–310 ppm) than in
the granodiorite. The pat terns on the plot of REE nor mal ized to
chondrite (Fig. 7D, F) are char ac ter ized by an en rich ment of
light REE and a flat, nearly hor i zon tal HREE sec tion. The en -
riched LREE sec tion in di cates mod er ate frac tion ation of the
light est REE (up to ~200 times chondrite val ues for La). The
(La/Yb)N ra tios are 9.7–15.69. The fairly flat HREE sec tor may 
in di cate the pres ence of pyroxene and/or hornblende in the
source (Hanson, 1978). The tonalites have a small neg a tive Eu
anom aly (Eu/Eu* = 0.62–0.8). 

The pat terns of chondrite-nor mal ized trace and REE di a -
grams of the Bożnowice and Kalinka tonalites are sim i lar to the 
pat terns of other tonalites from the Strzelin Mas sif (Fig. 7C–F).
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Fig. 7. Bożnowice granodiorite (A, B), Bożnowice tonalite (C, D) and Kalinka tonalite (E, F) com pared with 7 sam -
ples of the tonalites ~295 Ma (shaded) from the Strzelin Mas sif on the chondrite-nor mal ized multi-el e ment di a -
grams – A, C, E (nor mal iza tion val ues of Thomp son, 1982) and chondrite-nor mal ized REE plots – B, D and F
(nor mal iza tion val ues of Nakamura (1974) with ad di tions from Haskin et al., 1968)



Sm-Nd SYSTEMATICS

The Sm-Nd iso tope ra tios in the Bo¿nowice granodiorite
and the Bo¿nowice and Kalinka tonalites are given in Ta ble 2
(data from Oberc-Dziedzic et al., 2009b). The Bo¿nowice
granodiorite dis plays the low est val ues of all ra tios: Sm/Nd
(0.14),147Sm/144Nd (0.0823), 147Nd/144Nd (0.512015), and

eNd305(–7.7). The model age cal cu lated us ing the De Paolo
(1981a, b) de pleted man tle model (TDM) is 1.2. In both types of
tonalites, all these ra tios (ex cept the TDM val ues) are higher than 
in the granodiorite (Ta ble 2) and sim i lar to each other. The neg -

a tive eNd value in di cates a likely crustal source of magma. The

higher val ues of eNd325= –4.3 in the Bo¿nowice tonalite and of

eNd295= –4.0 in the Kalinka tonalite might re flect ig ne ous mix -
ing, in ad e quate pro por tions, of typ i cal con ti nen tal ma te rial

with neg a tive eNd val ues, and mafic magma with pos i tive eNd.

SHRIMP ZIRCON STUDY

BO¯NOWICE TONALITE,
SAMPLE B188.2

All the zir cons in this sam ple are alike: subhedral to
anhedral, with a spe cific, “cor roded” ap pear ance. In re flected
light, in many crys tals, nu mer ous “cav i ties” are vis i ble. In
cathodo luminescence (CL) im ages (Fig. 8), all the grains show
very char ac ter is tic in ter nal struc tures: ra dial or fan-like pat terns 
of al ter nat ing CL-darker and brighter, of ten dif fused stripes.
Such struc tures could re sult from metamictization. An im por -
tant role of metamictization pro cesses in these zir cons is in line

with the ob served high U (882–5807 ppm) and, of ten, Th
(50–5192 ppm) con tents (Ta ble 3). The Th/U ra tio var ies be -
tween 0.02 and 2.09, and the 206Pbc is usu ally low, 0.0–1.14%.

Six points ana lysed have sig nif i cant dis cor dance D, be -
tween +10 and +68%, sug gest ing that the 207Pb/206Pb ages,
scat tered from 340 to 480 Ma, rep re sent min i mum ages (Ta -
ble 3). The re main ing 16 points are broadly con cor dant and
their mean Con cordia age is 324 ±4 Ma (Fig. 9). Four points
(9.1, 4.1, 19.1 and 19.2) in ter cept at 0 and 331 ±12 Ma.

Sum ming up, the main zir con pop u la tion of 324 ±4 Ma
mean Con cordia age could be in ter preted as rep re sent ing the
main mag matic event. How ever, the pos i tively dis cor dant
points may in di cate Pb-loss (and low er ing the Th/U ra tios),
thus pos si bly im pli cat ing that the true mag matic age may be
older, e.g. cor re spond ing to the old est points of the main pop u -
la tion, around 330 Ma.

BO¯NOWICE GRANODIORITE,
SAMPLE B1 117.5

The zir con pop u la tion in this sam ple is ho mo ge neous and
rep re sented by euhedral, long- to nor mal-pris matic, clear and
trans par ent crys tals. A few grains are bro ken. Most of the crys -
tals in CL im ages dis play strong os cil la tory, mag matic zonation.
In a few grains, CL-bright or cloudy cores are vis i ble (Fig. 10).

The U and Th con cen tra tions vary from low (U 72 ppm, Th
24 ppm), to rather high (e.g., U 1703 ppm, Th 812 ppm). The
Th/U ra tio var ies slightly, be tween 0.22 and 1.14, whereas
206Pbc is low, 0.02–1.13% (Ta ble 4).

Two an a lyt i cal points show rel a tively high neg a tive dis cor -
dance (point 10.1 –57; point 1.1 –22), and they should be in ter -
preted with cau tion. Three other points clearly in di cate the

312 Teresa Oberc-Dziedzic, Ryszard Kryza and Joanna Bia³ek

Fig. 8. Cathodoluminescence im ages of zir cons an a lysed from Bo¿nowice tonalite B1 188.2

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). Sym bols of an a lyt i cal points cor re -

spond to those in Ta ble 3; an a lyt i cal points in di cated by elipses, with lon ger axis ca. 30 mm; 206Pb/238U ages and one s er rors are given
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 1.1   2.881 1B – 7661 23    20.0 8.47 2.823 9.7± 223 91±  643 62± 2– 51.91 5.2 28250.0 38.0 51.91 5.2 38250.0 38.0 5083.0 6.2 949.0

 1.2   2.881 1B 32.0 4591 328   44.0    78 9.423 8.7± 733 33± 5.133  5.9±     4    3.91 5.2 80550.0 19.0 53.91 5.2 91350.0   5.1   973.0 9.2   68.0

 1.3   2.881 1B – 0261 176  34.0    27 2.523 9.7± 043 32±  053 11± 4  33.91 5.2 12350.0      1 23.91 5.2 52350.0      1     83.0 7.2 629.0

 2.3   2.881 1B 00.0 4851 181  21.0 6.17 7.033    8± 423 32±  243 11± 2–      91 5.2 98250.0      1      91 5.2 98250.0      1   483.0 7.2 429.0

 1.4   2.881 1B 22.0 6531 46    50.0 5.65 4.403 4.7± 873 74±  333 15± 42 46.02 5.2 79550.0   1.1 86.02 5.2   2450.0   1.2   163.0 3.3 367.0

 1.5   2.881 1B 30.0 8521 27    60.0    55 8.913 7.7± 633 72±  253 61± 5  66.91 5.2 34350.0   2.1 66.91 5.2 61350.0    2.1   373.0 8.2 898.0

 1.6   2.881 1B 00.0 8461 5151 59.0 3.37 2.523 9.7± 813 32± 8.503  8±  2– 33.91 5.2 57250.0      1 33.91 5.2 57250.0      1   673.0 7.2 529.0

 1.7   2.881 1B – 2122 05    20.0 1.69 1.813 7.7± 033 12±  763 42± 4  87.91 5.2 18250.0 88.0 77.91 5.2 40350.0 29.0 9963.0 6.2 739.0

 1.8   2.881 1B – 8111 8311 50.1 6.74 8.113 6.7± 203 23± 2.403  1.8±     3– 91.02 5.2 39150.0   3.1 81.02 5.2 83250.0    4.1   853.0 9.2 868.0

 1.9   2.881 1B – 4041 5111 28.0 7.34 4.922 6.5± 273 43± 3.092  8.7±     26 16.72 5.2   6350.0   3.1   6.72 5.2 20450.0    5.1 9962.0 9.2 558.0

 1.01   2.881 1B –   389 864  94.0 2.54    633 2.8± 723 03±  633 4.9±     3–   7.81 5.2 97250.0   3.1 96.81 5.2 59250.0    3.1   193.0 8.2 588.0

 1.11   2.881 1B – 6112 361  80.0 2.19 7.513 6.7± 492 12±  433 11± 7– 39.91 5.2 21250.0 98.0 39.91 5.2 91250.0    9.0 1163.0 6.2   49.0

 1.21   2.881 1B 70.0 8381 0571 89.0    87 8.013 5.7± 143 52± 5.603  9.7±     01 32.02 5.2 28350.0 69.0 52.02 5.2 82350.0    1.1 8263.0 7.2 519.0

 1.31   2.881 1B – 4732 7103 13.1      801 7.333    8± 153 62± 2.823  7.8±     5  38.81 5.2 10350.0 48.0 28.81 5.2 35350.0    1.1   293.0 7.2 709.0

 1.41   2.881 1B 69.0 6022 3952 12.1 7.28 6.272 6.6± 383 06± 1.662  3.7±     14 39.22 5.2     260.0   9.0 51.32 5.2   3450.0    7.2   323.0 6.3 286.0

 1.51   2.881 1B 90.0   288 4901 82.1 3.04 2.433 2.8± 143 24± 3.343  3.9±     2  87.81 5.2 89350.0   4.1   8.81 5.2 92350.0    8.1   193.0 1.3 608.0

 1.61   2.881 1B 80.0 7091 3281 99.0 5.28 5.613 6.7± 913 13± 5.423  5.8±     1  58.91 5.2 54350.0 69.0 78.91 5.2 87250.0    4.1   663.0 8.2 878.0

 1.71   2.881 1B 62.0 9902 581  90.0    39 4.323 8.7± 923 43±  053 12± 2  93.91 5.2 31550.0 98.0 44.91 5.2 10350.0    5.1   673.0 9.2 658.0

 1.81   2.881 1B 00.0 4942 6405 90.2      711 1.343 3.8± 513 91± 1.233  4.8±     8– 92.81 5.2 86250.0 28.0 92.81 5.2 86250.0 28.0   793.0 6.2 949.0

 1.91   2.881 1B 66.0 0932 5761 27.0 8.59    292 1.7± 773 06± 5.203  9±  92 44.12 5.2 94950.0 48.0 85.12 5.2   2450.0   7.2   643.0 6.3 286.0

 2.91   2.881 1B 41.1 7085 2915 29.0      922 8.582 9.6± 974 34± 7.231  5.4±     86 18.12 5.2 59560.0 46.0 60.22 5.2   7650.0      2   453.0 2.3 487.0

 1.02   2.881 1B 49.0 9741 6841 40.1 2.26 2.503 4.7± 703 57± 4.813  2.9±     1  34.02 5.2 90060.0     1 36.02 5.2   5250.0   3.3   153.0 1.4 406.0

1 era sro rrE s  ; bP c  moc – )1( ;)stnuom tn ere ffid morf atad gn ira pmoc nehw deriu qer tub sro rre evoba ni dedul cni ton( %68.0 saw noi tar b ilac dra dnats ni ro rre ;ylevi tcep ser ,snoi trop cine goi dar dna no mmoc eht – *bP dna -
 deru saem gn isu detce rroc bP nom 402 bP
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2.8   5.711 1B 72.0 824  132 65.0 5.61 6.182 7.6± 843 27± 9.472 6.9± 42 33.22 4.2   6550.0 9.1 93.22 4.2 5350.0 2.3 923.0    4 806.0

1.2   5.711 1B 31.0 635  794 69.0 6.12 6.492   7± 682 26± 7.492 3.8± 3– 63.12 4.2   1350.0 1.2 93.12 4.2   250.0 7.2 533.0 7.3 966.0

1.7   5.711 1B 32.0 655  006 11.1 5.22 6.592   7± 803 85± 8.582 9.7± 4  62.12 4.2 53450.0 5.1 13.12 4.2 5250.0 5.2   43.0 5.3 786.0

1.9   5.711 1B 91.0 234  463 78.0 5.71 2.692 1.7± 113 45± 4.392 4.8± 5  22.12 4.2 21450.0 6.1 62.12 4.2 6250.0 4.2 143.0 4.3 717.0

1.1   5.711 1B 33.0 536  434 17.0 2.62 4.103 3.7± 632   021± 0.103     21±  22– 28.02 5.2 35350.0 8.1 98.02 5.2 9050.0 4.5 633.0 9.5 124.0

2.9   5.711 1B 32.0 598  668 00.1 1.73 1.303 1.7± 562 36± 8.892 2.8±  31– 27.02 4.2 73350.0 2.1 77.02 4.2 5150.0 7.2 243.0 6.3   66.0

1.4   5.711 1B 31.1 27    42  43.0 20.3 9.303 5.8± 253   063± 0.603 26± 61 84.02 7.2   6260.0 8.3 17.02 8.2 5350.0       61 653.0     61 771.0

2.41   5.711 1B 31.0 0301 095 95.0 8.24 5.403 1.7± 692 15± 1.003 9.8± 3– 56.02 4.2 82350.0 1.1 76.02 4.2 2250.0 3.2 843.0 3.3 927.0

3.8   5.711 1B 10.0 0141 276 94.0 7.85 9.403 1.7± 103 12± 1.982 4.7± 1– 46.02 4.2 44250.0 29.0  56.02 4.2 63250.0  39.0  7943.0  6.2 139.0

2.21   5.711 1B   1.0 2111 219 58.0 7.64 2.703 2.7± 503 53± 9.603 9.7± 1– 74.02 4.2 32350.0 99.0  94.02 4.2 54250.0  5.1 353.0 8.2 248.0

1.8   5.711 1B   3.0 991  88  64.0 83.8    4.703 5.7± 562   021± 0.903     71±  41– 14.02 5.2     450.0 4.2 74.02 5.2 5150.0 3.5 743.0 9.5 424.0

2.01   5.711 1B 40.0 479  956   7.0 9.04 6.703 2.7± 913 92± 0.503 2.8± 4  54.02 4.2 90350.0 1.1 64.02 4.2 67250.0  3.1 6553.0  7.2 488.0

1.21   5.711 1B 31.0 103  731 74.0 8.21 0.013 4.7± 713 46± 0.803     11± 2  72.02 4.2   8350.0 9.1 3.02 4.2 7250.0 8.2 853.0 7.3 756.0

1.11   5.711 1B 34.0 78    55  66.0 7.3  9.113   8± 403   051± 0.792     71± 3– 90.02 6.2   9550.0 5.3 81.02 6.2 4250.0 7.6 853.0 2.7 463.0

1.3   5.711 1B   2.0 148  365 96.0 9.53 2.213 3.7± 882 75± 6.013 1.9± 8– 11.02 4.2 66350.0 2.1 51.02 4.2 1250.0 5.2 653.0 5.3 196.0

1.6   5.711 1B 20.0 517  987 41.1 6.03 1.313 4.7± 833 03± 3.603 9.7± 8  90.02 4.2 53350.0 3.1 90.02 4.2 12350.0  3.1 563.0 7.2 778.0

1.5   5.711 1B 32.0 655  174 88.0 9.32 6.313 4.7± 072 08± 7.013 6.9±  41– 10.02 4.2 45350.0 4.1 60.02 4.2 7150.0 5.3 553.0 3.4 765.0

2.4   5.711 1B 70.0 9641 8411 18.0 0.36 8.313 3.7± 303 52± 9.113 1.8± 3– 40.02 4.2     350.0 88.0  50.02 4.2 14250.0  1.1 4063.0  6.2 709.0

1.01  5.711 1B 29.0 47    24  85.0 32.3    5.513 5.8± 531   072± 0.682     62± 75– 57.91 7.2 1650.0   4 39.91 7.2 7840.0      11 733.0     21 432.0

2.31   5.711 1B 70.0 9531 682 22.0 1.07 6.573 7.8± 924 62± 0.983     21± 41 66.61 4.2   650.0 28.0  76.61 4.2 24550.0  2.1 854.0 7.2 998.0

1.31   5.711 1B 61.0 3071 218 94.0 6.39 2.993 2.9± 545 36± 0.424     31± 73 36.51 4.2 7950.0 6.2 56.51 4.2 4850.0 9.2 415.0 7.3 936.0

1.41   5.711 1B 70.0 523   733 70.1 1.64 0.589     22± 479 52±   0.6201     62± 1– 50.6  4.2 2270.0 9.0 60.6  4.2 95170.0  2.1 926.1 7.2 988.0
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LAK  1.1   90.0 563 663  40.1 9.41 1.992 6.7± 053 75±  71 40.12 6.2   2450.0 1.2 60.12 6.2   5350.0 5.2     53.0 6.3 127.0

LAK  1.2   4.0 213 613  50.1 2.21 9.582 8.6± 882 021± 1  69.12 4.2   3550.0 3.2 50.22 4.2   1250.0 4.5   523.0 9.5 214.0

LAK  1.3   60.0 386 4801 46.1 6.72 9.592 8.6± 972 24±  6– 82.12 4.2 33250.0 6.1 92.12 4.2 68150.0 8.1   633.0    3 297.0

LAK  1.4   00.0 296 4711 457.1 6.72 7.292 8.6± 343 53±  71 35.12 4.2 63350.0 6.1 35.12 4.2 33350.0 6.1 5143.0 8.2 438.0

LAK  1.5   40.0 563 322  36.0 5.41 3.292     7± 792 25±  2  55.12 4.2   6250.0 2.2 65.12 4.2   3250.0 3.2   433.0 3.3   37.0

LAK  1.6   33.0 404 18    12.0 3.61 1.592     7± 772 021± 6– 82.12 4.2   4450.0 1.2 43.12 4.2   8150.0 4.5   533.0 9.5 804.0

LAK  1.7   70.0 345 168  46.1 2.22 6.992 9.6± 203 64±  1  10.12 4.2 19250.0 7.1 20.12 4.2   4250.0    2   343.0 1.3 957.0

LAK  1.8   3.0 833 491  95.0 9.31 1.103 1.7± 262 021±  31– 58.02 4.2   8350.0 2.2 19.02 4.2   5150.0 1.5   933.0 7.5 624.0

LAK  2.8   62.1 69  05    35.0 78.3 4.092 3.8± 192 064± 0  24.12 6.2   2260.0 9.4 7.12 9.2     250.0     02   133.0 12 341.0

LAK  1.9   32.0 464 916  83.1 4.81 5.092 8.6± 742 59±   51– 46.12 4.2 10350.0 9.1 96.12 4.2   1150.0 1.4   523.0 8.4 105.0

LAK  1.01   96.0 272 531  25.0 1.11 7.692 2.7± 332 091±  12– 80.12 4.2   4650.0 4.2 32.12 5.2   8050.0 2.8     33.0 6.8 192.0

LAK  2.01   91.0 533 071  25.0 4.21 1.272 4.6± 692 68±  9  51.32 4.2   8350.0 3.2 91.32 4.2   2250.0 8.3   113.0 5.4   45.0

LAK  1.11   15.0 612 612  40.1 37.8     592 2.7± 242 081±  81– 42.12 4.2   2550.0 6.2 53.12 5.2     150.0 7.7     33.0 1.8 603.0

LAK  1.21   62.0 344 454  60.1 2.81 2.103     7± 862 011±  11– 58.02 4.2   7350.0 3.2 19.02 4.2   6150.0 7.4     43.0 3.5 554.0

LAK  1.31   92.0 883 874  72.1 9.61 9.713 6.7± 452 021±  02– 27.91 4.2   6350.0 5.2 87.91 4.2   3150.0 2.5   853.0 7.5 824.0

LAK  1.41   42.0 773 883  60.1 2.51 4.492 9.6± 313 69±  6  43.12 4.2   6450.0 1.2   4.12 4.2   6250.0 2.4   933.0 9.4 594.0

LAK  1.51   75.0 271 89    95.0 59.6 6.492 3.8± 562 022±  01– 62.12 8.2   1650.0 4.3 83.12 9.2   5150.0 6.9   233.0     01 882.0

LAK  1.61   50.0 4011 2322 90.2 2.44 4.392 7.6± 613 23±  8  74.12 3.2   1350.0 2.1 84.12 3.2 17250.0 4.1 4833.0 7.2 458.0

LAK  1.71   73.0 181 54    62.0 11.7 8.782     7± 392 011± 2  28.12 5.2   1550.0   3   9.12 5.2   2250.0 9.4   823.0 5.5 454.0

LAK  1.81   53.0 144 874  21.1 7.71     392     7± 772 031± 6– 34.12 4.2   6450.0 9.1   5.12 4.2   8150.0 7.5   233.0 2.6 393.0

LAK  1.91   3.0 915 606  12.1 5.12 4.203 1.7± 742 79±   81– 67.02 4.2 15350.0 8.1 28.02 4.2   1150.0 2.4 933.0 8.4 794.0

LAK  1.02   80.0 124 854  21.1 5.61 7.682 7.6± 913 35±  11 79.12 4.2   4350.0   2 99.12 4.2   8250.0 3.2 133.0 3.3 817.0

 1 era sro rrE s  ; bP c  fid morf atad gn ira pmoc nehw deriu qer tub sro rre evoba ni dedul cni ton( %47.0 saw noi tar b ilac dradnats ni ro rre ;ylevi tcep ser ,snoi trop cine goi dar dna no mmoc eht – *bP dna -
 deru saem gn isu detce rroc bP no mmoc – )1( ;)stnuom tn eref 402 bP
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pres ence of in her i tance: zoned core 14.1 with a con cor dant age
of 980 ±33 Ma, and pos i tively dis cor dant cloudy cores 13.1 of
545 ±63 Ma, and 13.2 of 429 ±26 Ma (207Pb/206Pb min i mum
ages). These points, to gether with the main zir con pop u la tion
give in ter cepts at 947 ±66 Ma and 309 ±9 Ma.

The main age group of zir cons are scat tered be tween
ca. 295 and 314 Ma, with an av er age Con cordia age of 306
±3 Ma (Fig. 11). An ap par ently youn ger point 8.2 is sig nif i -
cantly pos i tively dis cor dant and thus its 207Pb/206Pb date of ca.
348 Ma may be as sumed as a min i mum age.

In con clu sion, the main pop u la tion of the zir cons in this
sam ple, dis play ing mag matic fea tures (long- to nor mal pris -
matic habit, os cil la tory zonation, high Th/U ra tios), are dated at 

306 ±3 Ma. Rather scarce in her i tance is ca. 1.0 Ga old and
seems to be partly re set by the youn ger mag matic event.

KALINKA TONALITE,
SAMPLE KAL

All zir con grains from this tonalite are also alike: long-pris -
matic, pen cil-like, with steep or flat pyr a mids (Fig. 12). Many
crys tals are bro ken. Also many dis play char ac ter is tic zon ing in
CL im ages, with al ter nat ing bright and dark bands aligned with
the length of the crys tals, with no clear bands par al lel to the pyr -
a mids. CL-dark vac u oles are com mon, and no dis tinct cores are 
ob serv able.

316 Teresa Oberc-Dziedzic, Ryszard Kryza and Joanna Białek

Fig. 9. Con cordia di a gram show ing re sults of SHRIMP II zir con anal y ses
from tonalite B1 188.2



Among the 22 points ana lysed, no dis tinctly older in her ited
grains were found, though three of the spots, with sig nif i cant
pos i tive dis cor dance, may have 207Pb/206Pb ages ap prox i mat ing 
their min i mum ages: point 20.1 = ca. 319 Ma, point 4.1 =
ca. 343 Ma, and point 1.1 = ca. 350 Ma (Ta ble 5).

The re main ing 19 points are con cor dant or only slightly
dis cor dant, with a few grains with rather sig nif i cant neg a tive
dis cor dance D, up to –21. The mean Con cordia age for all 22
points is 294 ±3 Ma (Fig. 13). Tak ing into ac count the ob -
served ho mo ge ne ity of the zir con pop u la tion in this sam ple
and their mag matic fea tures, this Con cordia age can be in ter -
preted as a good ap prox i ma tion of the true mag matic age of
the Kalinka tonalite.

DISCUSSION 

SEQUENCE AND P-T CONDITIONS
OF THE THERMAL EVENTS

The tectono-meta mor phic his tory of the east ern part of the 
Strzelin Mas sif was stud ied by Wojnar (1995), Oberc-
 Dziedzic and Szczepański (1995), Oberc-Dziedzic (1999),
Szczepański and Józefiak (1999), Szczepański (2001),
Oberc- Dziedzic and Madej (2002). A sum mary of their re -
sults is presented be low.

The Strzelin and Nowolesie gneiss es con tain two groups of
zir cons dated at ~600–568 Ma by U/Pb SHRIMP anal y ses
(Oberc-Dziedzic et al., 2003a; Klimas, 2008). The youn ger
group of zir con ages (568 Ma) is taken as a re cord of late Pro -
tero zoic crys tal li za tion dur ing par tial melt ing as so ci ated with

meta mor phism which af fected the ca. 600 Ma protolith of the
Strzelin gneiss (Oberc-Dziedzic et al., 2003a). How ever, the
pre-De vo nian de for ma tion and meta mor phism of the gneiss es
and of the older schist se ries in the Strzelin Mas sif have not
been proved (Wojnar, 1995). The tec tonic struc tures, their se -
quence and meta mor phic con di tions are com mon for the
Neoproterozoic gneiss es, older schist se ries and De vo nian
Jegłowa Beds and are con sid ered as Variscan. Un like the
Strzelin Mas sif, Neoproterozoic struc tures were iden ti fied in
paragneisses of the north ern part of the Desna Dome in
Silesicum (Żelaźniewicz et al., 2005). These struc tures are
older than a metapegmatite vein con tain ing zir cons dated at
~580 Ma (U-Pb SHRIMP method) which cross-cuts am phi bo -
lite fa cies paragneisses (Żelaźniewicz et al., 2005). The lack of
Neoproterozoic struc tures in the rocks of the Strzelin Mas sif
and the pres ence of such struc tures in the paragneisses of the
Desna Dome may mean that the Pro tero zoic rocks of these two
units be long to sep a rate blocks of Brunovistulicum base ment
char ac ter ized by dif fer ent tec tonic his to ries.

All three groups of rocks in the Strzelin Mas sif: the gneiss -
es, older schist se ries, and Jegłowa Beds, show ev i dence of four 
meta mor phic events (Oberc-Dziedzic, 1999). The ef fects of the 
M1–M3 meta mor phic ep i sodes are dif fer ent in the north ern and
south ern parts of the mas sif, im ply ing that both parts have de -
rived from var i ous meta mor phic zones (Szczepański, 2001;
Oberc-Dziedzic and Madej, 2002). In both parts, the M1 meta -
mor phic ep i sode was co eval with the D1 de for ma tion and
nappe stack ing dur ing the col li sion of Moldanubicum with
Brunovistulicum. The M2 ep i sode took place dur ing and af ter
D2, and in volved a tem per a ture in crease un der con stant pres -
sure (Oberc-Dziedzic, 1999). 
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Fig. 10. Cathodoluminescence im ages of zir cons an a lysed from granodiorite B1 117.5

Sym bols of an a lyt i cal points cor re spond to those in Ta ble 4; 206Pb/238U ages and one σ er rors are given



In the north ern do main of the mas sif, meta mor phic con di -
tions dur ing meta mor phic event M1 were typ i cal of greenschist
fa cies in the case of the Jegłowa Beds, and of am phi bo lite fa -
cies in the case of the Strzelin gneiss. The rocks of the older
schist se ries bear a re cord of con tin u ous tran si tion from
greenschist fa cies to am phi bo lite fa cies con di tions (Oberc-
 Dziedzic, 1999). The temperature dur ing the M2 meta mor phic
event was prob a bly sim i lar to that of M1. The M3 meta mor phic
ep i sode, which was co eval with the D3 and D4 de for ma tion
events, took place un der lower am phi bo lite-greenschist fa cies
con di tions and caused lo cal ret ro gres sive changes. 

In the south ern part of the Strzelin Mas sif, the nappe stack -
ing gave rise to crustal thick en ing and in crease in tem per a ture,
and caused the gneiss es to achieve anatectic con di tions, es ti -
mated as 720–730°C and 6.5–5 kb (Oberc-Dziedzic, 1999).
The thin leucosome lay ers formed dur ing the first stage of
migmatization were par al lel to the S1 fo li a tion. They were
folded into the F2 folds dur ing the D2 de for ma tion. Sub se -
quently, sillimanite nod ules par al lel to the ax ial plane cleav age
of the F2 folds (sillimanite I) were formed (Wojnar, 1995;
Oberc-Dziedzic and Madej, 2002). Af ter D2, the sec ond
anatexis stage took place. This M2 meta mor phic event pro -
ceeded with no de for ma tion, giv ing rise to the for ma tion of
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Fig. 11. Con cordia di a gram show ing re sults of SHRIMP II zir con anal y ses
 from granodiorite B1 117.5



pegmatites and leucocratic gran ites. The P-T con di tions of M2

were es ti mated in the pegmatites at T = 600o and P = 3 kb
(Oberc-Dziedzic, 1999). The M3 meta mor phic event was co -
eval with the D3 de for ma tion and prob a bly took place un der
con di tions sim i lar to those of M2, since the de formed
sillimanite nod ules show no ret ro gres sion re ac tions. Dur ing
M3, elongated quartz grains with sillimanite in clu sions were

formed in the gneiss es, and sillimanite II ap peared in the
slightly de formed pegmatites (Oberc-Dziedzic, 1999). 

The fi nal meta mor phic ep i sode M4 led to the crys tal li za tion
of postkinematic cor di er ite and the for ma tion of flecky gneiss -
es. The crys tal li za tion of cor di er ite took place un der P-T con di -
tions in which sillimanite and gar net were sta ble. The cor di er ite 
was formed af ter the migmatization and be fore the em place -
ment of the gran ites and tonalites (Oberc-Dziedzic, 1995). 
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Fig. 12. Cathodoluminescence im ages of zir cons ana lysed from tonalite KAL

Sym bols of an a lyt i cal points cor re spond to those in Ta ble 5; 206Pb/238U ages and one σ er rors are given

Fig. 13. Con cordia di a gram show ing re sults of SHRIMP II
 zir con anal y ses from tonalite KAL



AGE OF METAMORPHIC
AND MAGMATIC EVENTS 

The Strzelin orthogneiss, typ i cal of the north ern part of the
Strzelin Mas sif, was dated at 600 ±7 and 568 ±7 Ma (SHRIMP
U/Pb zir con age; Oberc-Dziedzic et al., 2003a). Sim i lar mean
zir con ages (602 ±7 and 587 ±4 Ma, Klimas, 2008; 576–560 Ma, 
Mazur et al., 2010) were ob tained for the Nowolesie gneiss from 
the south ern part of the mas sif. These Cadomian ages of the
gneiss es of the Strzelin Mas sif are sim i lar to the ages of base -
ment rocks of the Keprník and Desna domes (Oberc-Dziedzic et
al., 2003a), ex posed in Silesicum (Jeseník Moun tains), which
rep re sent the mar ginal, imbricated part of Brunovistulicum
(Schulmann and Gayer, 2000). Al though iso to pic data re flect ing
the meta mor phic events dur ing the Variscan D1 and D2 com pres -
sive de for ma tion have yet not been re ported from the study area,
it is likely that the meta mor phism be gan af ter the col li sion of
Moldanubicum with Brunovistulicum, i.e. about 330–335 Ma
(Schulmann et al., 2009). In the Strzelin Mas sif, the meta mor -
phic im print con nected with extensional D3 and D4 de for ma tion
events was weak and re stricted to nar row mylonitic zones
(Oberc-Dziedzic, 1999). The age of the extensional de for ma tion
in this area re mains un known. In the Keprník and Desna domes,
the 40Ar/39Ar ra dio met ric age of 300–310 Ma has been in ter -
preted as linked with the extensional pro cess dur ing the
Westphalian (Maluski et al., 1995). The tectono-meta mor phic
im print in the Keprník area around 305 Ma was strong enough to 
com pletely re set the min eral assembalges (Maluski et al., 1995). 

The U/Pb SHRIMP zir con ages of the granodiorite and two
tonalites from the Strzelin Mas sif pre sented here in this pa per,
re veal three dis tinct stages of the Variscan magmatism:
tonalitic I – at 324 Ma, granodioritic – at 305 Ma, and tonalitic
II – at 295 Ma. 

The struc tural re la tion ships be tween the coun try rocks and
the Bożnowice tonalite (sam ple B1 188.2) sug gest that the first
stage of magmatism, rep re sented by the 324 Ma tonalite, took
place af ter the re gional meta mor phism and anatectic migma -
tization con nected with thick en ing, dur ing the col li sion of
Brunovistulicum with the Moldanubian Zone. 

The sec ond, granodioritic stage at 305 Ma took place when
the migmatization ceased and the extensional con di tions (D3

de for ma tion) be gan. This is sup ported by some com mon fea -
tures of the migmatized gneiss es and granodiorite as well as the 
fact that granodiorite bod ies cross-cut the migmatized gneiss es. 
The U/Pb zir con age of the granodiorite (sam ple B1 117.5) is in 
agree ment with the bi o tite 40Ar/39Ar ra dio met ric age of 304.4
±3.1 Ma, ob tained for the extensional con di tions in the Keprník 
Dome (Maluski et al., 1995). The po si tion of the Bożnowice
granodiorite in the ther mal evo lu tion of the Strzelin Mas sif is
sim i lar to the po si tion of pegmatites con nected with the sec ond
stage of the migmatization which oc curred af ter the D2 meta -
mor phic event and is re corded in the Nowolesie gneiss
(Oberc-Dziedzic, 1999). 

The third stage of the Variscan magmatism at ~295 Ma,
rep re sented by the Kalinka tonalite, cor re sponds to the late
stage of ther mal evo lu tion of the Strzelin Mas sif. A sim i lar
age was also es tab lished for the Gęsiniec tonalite in the north -
ern part of the mas sif (Pietranik and Waight, 2005) and for bi -
o tite gran ites (Turniak et al., 2006). The usu ally sharp and

dis cor dant con tacts of all the ~295 Ma tonalites and gran ites
with their coun try rocks and the pres ence of dis tinct chilled
zones of these in tru sions (Oberc-Dziedzic, 1991) sug gest that
the tonalite and bi o tite gran ite mag mas in truded into rel a tively 
cool rocks. 

The K/Ar age of the Strzelin bi o tite gran ite, vary ing be -
tween 278–288 Ma and pre vi ously in ter preted as the age of the
magma crys tal li za tion (Depciuch and Lis, 1972), prob a bly cor -
re sponds to the cool ing age of the granitoids. This age is sim i lar 
to the Ar-Ar re sults of 279–285 Ma ob tained for white micas
from the Jegłowa Beds and in ter preted as cool ing ages re lated
to the ex hu ma tion of the Strzelin Mas sif and cor re spond ing to
pass ing the iso therms of 330–430°C (Szczepański, 2002). 

ORIGIN AND CRYSTALLIZATION 
OF GRANITOID MAGMAS 

GRANODIORITE 

The granodiorite stud ied is un doubt edly an ig ne ous rock
show ing such fea tures as in tru sive con tacts, struc tures typ i cal
of crys tal li za tion from melt, and chem i cal in flu ence on its
neigh bor hood, as shown by large grains of plagioclase in the
sur round ing migmatite. How ever, some other char ac ter is tics,
such as: rounded shape of min eral grains, lin ear ar range ment of 
K-feld spar, schlieren, all re sem ble fea tures of highly evolved
migmatites:diatexites (Mehnert, 1968). 

A mag matic or i gin of the granodiorite is sup ported by the
strong os cil la tory zonation of zir con grains. The ages of a few
in her ited zir con cores (980 ±33 Ma and 545 ±63 Ma), fairly
sim i lar to the ages re ported from gneiss es of the area
(Oberc-Dziedzic et al., 2003a; Klimas, 2008), sug gest that the
gneiss es could have been the source ma te rial for the
granodiorite magma. The crustal or i gin of the granodiorite
magma is also sug gested by the peraluminous char ac ter of the
rock, its Zr/Nb, Nb/Th and Ce/Pb ra tios, char ac ter is tic of con ti -
nen tal crust. How ever, the multi-el e ment di a gram of trace el e -
ment con cen tra tions nor mal ized to chondrite does not show
neg a tive anom a lies of Nb and Ta, usu ally con sid ered as typ i cal
of con ti nen tal crust ma te rial (Tay lor and McLennan, 1985).
More over, the Bożnowice granodiorite is very rich in Ba and
Sr, that is typ i cal of man tle re lated, mafic magma (Słaby et al.,
2008, and ref er ences therein). 

The con tra dic tory fea tures men tioned above in di cate a pos -
si ble mixed crustal-man tle or i gin of the granodiorite magma.

This seems to be sup ported by the value of the εNd = –7.7, con -

sid er ably higher than εNd = –10 to –12 of the gneiss es from the
Strzelin Mas sif (Oberc-Dziedzic et al., 2009b), sug gest ing a
more mafic source for the granodiorite. This does not nec es sar -
ily mean a real in put of the man tle magma but rather of ma te rial
com ing from mafic com po nents of the lower crust (am phi bo -
lites or gab bros), or man tle-de rived flu ids.

The “anatectic” fea tures of the Bożnowice granodiorite
sug gest that the magma was emplaced and crys tal lized not far
from the place of its or i gin. The nearly iden ti cal size, com po -
si tion and struc ture of large plagioclase crys tals in the
granodiorite and in the ad ja cent migmatite in di cate that the
large plagioclase in the migmatite crys tal lized from the
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granodiorite-magma de rived flu ids. The crys tal li za tion of the
large plagioclase in both the granodiorite and migmatite prob -
a bly took place at the same time, i.e. af ter the magma em -
place ment. 

The crys tal li za tion of large plagioclase and K-feld spar
grains was two-phased but prob a bly not co eval. Dur ing the first 
phase, plagioclase cores con tain ing ~40–46% An, and Ba-poor 
euhedral grains of K-feld spar were formed. Af ter that, the crys -
tal li za tion of both feld spars was in ter rupted: the plagioclase
cores were sub jected to cor ro sion, and thin zone of in clu sions
com posed of Or56.7-Ab31.6-An10.7-Cs1.0 feld spar (for mer melt?)
came into ex is tence along the bor ders of the in ner parts of
K-feld spar grains. Dur ing the sec ond phase of crys tal li za tion,
the rims were formed around the feld spars cores. The char ac -
ter is tic fea tures of the rims are os cil la tory changes:
35–26–30% An con tents in the rims of rounded plagioclase
grains, and zonal en rich ment in Ba of the subhedral rims of
K-feld spar crys tals. The crys tal li za tion of ma trix min er als: bi o -
tite, small, rounded An28 plagioclase, quartz and in ter sti tial,
anhedral K-feld spar started at the end of the sec ond phase of
crys tal li za tion of large grains of K-feld spar and plagioclase. 

TONALITES

The most im por tant dif fer ence of the two tonalites stud ied
are their ages: ~324 Ma for the Bożnowice tonalite and 295 Ma
for the Kalinka tonalite. In spite of such a large age dif fer ence,
their other fea tures are gen er ally sim i lar. Both the tonalites
show small dif fer ences in ma jor el e ment con tents. The
Bożnowice tonalite con tains about 2.5% more SiO2 and about
0.6% more MgO but less TiO2, Al2O3, Fe2O3 and Na2O than the 
Kalinka tonalite. These dif fer ences are mir rored in the bi o tite,
am phi bole and plagioclase com po si tions. In ter est ingly, the
abun dances of par tic u lar trace el e ments, apart from higher con -
tents of Ni, Cu and U in the Bożnowice tonalite, as well as REE

con tents, the Eu anom aly and eNd val ues are sim i lar in both

tonalites. The εNd val ues of –4.0 to –4.3 are out side the range
of typ i cal man tle com po si tions and in di cate a likely crustal
source of the magma, with pos si ble man tle-de rived ad mix ture.

The Bożnowice and Kalinka tonalites show some dif fer -
ences in grain-size and tex ture: the Bożnowice tonalite is me -
dium-grained, the Kalinka tonalite is fine-grained. A im por tant
fea ture of the Bożnowice tonalite is plagioclase clus ters sur -
rounded by a com mon rim. The larger grains of plagioclase
from the Bożnowice tonalite dis play a dis mem bered, embayed
core, con tain ing up to 76% An, sur rounded by euhedral in ner
part com posed of 38–42% An plagioclase, and by ir reg u lar,
zoned rims (outer part) in which the An con tent de creases from
64 to 32%. Sim i lar dis mem bered plagioclase cores from the
Gęsiniec tonalite in the north ern part of the Strzelin Mas sif
(Fig. 2), were in ter preted by Pietranik and Waight (2008) as an
ef fect of the re sorp tion due to de com pres sion dur ing the em -
place ment of phenocryst-bear ing mag mas in the up per crust.

The sim ple struc ture of plagioclases such as in the Kalinka
tonalite could be at trib uted to open-sys tem pro cesses in the
lower crust (Pietranik and Waight, 2008).

As men tioned above, the magma of the Bożnowice tonalite
crys tal lized soon af ter the be gin ning of the Variscan ther mal
events. It means that the ~324 Ma tonalite re mained at rel a -
tively high tem per a tures for about 30 Ma. 

CONCLUSION

The west ern mar gin of Brunovistulicum is char ac ter ized by 
an in crease of ther mal and mag matic ac tiv i ties dur ing the
Variscan orog eny from the south ern, Moravian part, de void of
Variscan plutons, through the mid dle, Silesian part, with its
Žulova Pluton, to the north ern part, in the Strzelin Mas sif,
where the base ment rocks achieved anatectic con di tions and
Variscan granitoids form a range of small in tru sions of var i ous
ages and com po si tions. 

The U/Pb SHRIMP ages re vealed three dis tinct stages of
Car bon if er ous–early Perm ian magmatism in the south ern part
of the Strzelin Mas sif: tonalitic – at 324 Ma, granodioritic – at
305 Ma, and tonalitic/gra nitic – at 295 Ma; the bi o tite- and bi o -
tite-mus co vite gran ites, most wide spread in the en tire Strzelin
Masiif, have not been con sid ered in de tail in this pa per. The
first, dis crete stage of magmatism took place af ter the re gional
metamorphism and anatectic migmatization con nected with
crustal thick en ing dur ing the col li sion of Brunovistulicum with
the Moldanubian Zone. The sec ond stage of magmatism was
co eval with the sec ond stage of migmatization, which pro duced 
abun dant pegmatites. This was re lated to de com pres sion at the
be gin ning of tec tonic de nu da tion. The third, most in tense stage
of magmatism was con nected with the late ther mal stage in the
Strzelin Mas sif.

The Bożnowice granodiorite magma was emplaced and
crys tal lized not far from the place of its or i gin. The source of
that magma could have been the Neoproterozoic ma te rial of the 
lower crust. 

The tonalites of ~324 Ma and 295 Ma are gen er ally
geochemically sim i lar, in spite of their large age dif fer ence.

The val ues of εNd of –4.0 to –4.3 are out side the range of typ i -
cal man tle com po si tions and in di cate a likely crustal source of
magma, with pos si ble man tle-de rived ad mix ture.
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APPENDIX

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 VSEGEI (St. Pe ters burg), ap ply ing a sec ond ary elec -
tron mul ti plier in peak-jump ing mode 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 zir con 
in or der to sput ter sec ond ary ions. The el lip ti cal an a lyt i cal

spots had a size of ca. 27 ´ 20 mm, and the cor re spond ing ion
cur rent was ca. 4 nA. The sput tered sec ond ary ions were ex -

tracted at 10 kV. The 80 mm wide slit of the sec ond ary ion

source, in com bi na tion with a 100 mm mul ti plier slit, al lowed
mass-res o lu tion of M/ÄM >5000 (1% val ley) so that all the
pos si ble iso baric in ter fer ences were re solved. One-min ute

rastering over a rect an gu lar area of ca. 60 ´ 50 mm 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 (ca. 204 AMU) -206Pb-207Pb-
 208Pb- 238U-248ThO-254UO with in te gra tion time rang ing from 2
to 20 sec onds. Four cy cles for each spot ana lysed were ac -
quired. Each fifth mea sure ment was car ried out on the zir con
Pb/U stan dard TEMORA1 (Black et al., 2003) with an ac -
cepted 206Pb/38U age of 416.75 ±0.24 Ma. The 91 500 zir con
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 with the SQUID v1.12 (Lud wig, 2005a) and
ISOPLOT/Ex 3.22 (Lud wig, 2005b) soft ware, us ing the 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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