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U-Pb SHRIMP ages of one granodiorite and two tonalite samples from the Strzelin Massif, northern part of Brunovistulicum, reveal three
distinct stages of Carboniferrous—early Permian granitoid magmatism: tonalitic | - 324 Ma, granodioritic — 305 Ma and tonalitic Il/gra-
nitic — 295 Ma. The first stage of magmatism coincided with the first migmatization event which took place shortly after the first defor-
mation. The second stage of granitoid plutonism was coeval with the second migmatization event which produced abundant pegmatites.
It took place after compressional phases of the second deformation and was related to decompression at the beginning of tectonic denuda-
tion. The third, most abundant stage of magmatism was connected with late extension in that part of the Variscan Orogen.
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INTRODUCTION

The Bohemian Massif, near the eastern termination of the
European Variscan belt, is subdivided into the Moldanubian,
Saxothuringian (Kossmat, 1927) and Tepla-Barrandian
(Franke, 1989) tectono-stratigraphic zones, interpreted by
some authors as terranes (Matte et al., 1990) of the Armorican
Terrane Assemblage (Franke, 2000). The location, extent and
correlations of these zones in the Sudetes is still a matter of dis-
cussion (e.g., Franke et al., 1993; Cymerman and Piasecki,
1994; Cymerman et al., 1997; Franke and Zelazniewicz, 2000,
2002; Aleksandrowski and Mazur, 2002). Along the eastern
margin of the Bohemian Massif, the Moldanubian Zone ad-
joins Brunovistulicum (Brunia after Zapletal, 1933, fide:
Dudek, 1980; Bruno-Vistulicum after Dudek, 1980; the Brunia
continent, Schulmann et al., 2009; Brunovistulia, Zelazniewicz
et al., 2009) of the Avalonian affinity (Finger et al., 2000;
Friedl et al., 2000). The boundary between these was recog-
nized by Suess (1912, 1926) as the Moldanubian Overthrust.
The Nyznerov Thrust (Skacel, 1989) in the East Sudetes and
the Strzelin Thrust in the Fore-Sudetic Block (Oberc-Dziedzic
et al., 2005; Zelazniewicz and Aleksandrowski, 2008; Fig. 1)

are regarded as the NE continuation of the Moldanubian
Overthrust. During the early Carboniferous oblique collision of
the Moldanubian and Brunovistulian terranes (Schulmann and
Gayer, 2000), the marginal part of Brunovistulicum, composed
of Neoproterozoic granites, together with their sedimentary
cover, was deformed into the nappe piles of the
Moravo-Silesian Zone (e.g., Finger et al., 1989; Franke and
Zelazniewicz, 2000; Mazur et al., 2006). The rocks of the
Moravo-Silesian Zone emerge through the Moldanubian rocks
in the southern Thaya Window, the central Svratka Window
and the northern Silesian domain (e.g., Schulmann and Gayer,
2000), named Silesicum by Suess (1912), which comprises the
Velké Vbrno and Keprnik nappes as well as parautochthonous
gneisses of the Desna Dome and their volcano-sedimentary
Devonian cover of the VVrbno Group (Chéb et al., 1984; Mazur
et al., 2006). The northern continuation of Brunovistulicum
was identified in the Strzelin Massif, in the Fore-Sudetic Block
(Oberc-Dziedzic et al., 2003a; Zelazniewicz and Aleksan-
drowski, 2008; Fig. 2), as represented by Neoproterozoic
gneisses together with an older schist series (Oberc-Dziedzic et
al., 2003a), and the Jegtowa Beds, corresponding to the Devo-
nian quartzites of the Silesian domain (Oberc, 1966). All these
rocks form the Strzelin Complex. In the Strzelin Massif, frag-
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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 — Sroda Slaska, SzG — Szprotawa, WrG — Wroctaw;
Fore-Sudetic Block: GrG — Grodkéw, NG — Niemcza, SSG — Strzegom-Sobétka, StG — Strzelin, ZG — Zulova; Sudetes:
KdG - Kudowa, KG — Karkonosze, KZG - Ktodzko-Ztoty Stok; faults: MIF — Main Intra-Sudetic Fault, SMF — Sudetic
Marginal Fault, SOF — Southern Odra Fault, NOF — Northern Odra Fault; thrusts: NT — Nyznerov Thrust, ST — Strzelin
Thrust; rectangle shows the position of the Strzelin Massif

ments of the Moldanubian Zone (Aleksandrowski and Mazur,
2002) also occur. They form small tectonic klippen separated
from the rocks of Brunovistulicum by the Strzelin Thrust
(Oberc-Dziedzic et al., 2005; Fig. 2). The Klippen are com-
posed of gneisses and schists of the Stachéw Complex
(Oberc-Dziedzic et al., 2005).

The collisional zones are often characterized by abundant
granitic magmatism. In Brunovistulicum, Variscan granites are

absent from its southern, Moravian part. In the NW part of the
Silesian domain (Fig. 1), Variscan plutonic rocks form small
bodies of pegmatitic muscovite granite, biotite granodiorite,
pegmatite and hornblende-biotite-quartz monzodiorite (Chab
etal., 1994) and the relatively large Zulové Pluton composed of
granite and tonalite (Chab and Zacek, 1994). In the Strzelin
Massif to the north, Variscan magmatism lasted about 30 m.y.
and produced many small plutonic bodies, composed of
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Fig. 2. Geological map of the Strzelin Massif (compiled by Oberc-Dziedzic and Madej, 2002, based on Oberc et al., 1988;
Wajcik, 1968; Wronski, 1973 and Badura, 1979)

The Strzelin Thrust plane separates the Stachow and Strzelin complexes. Inset map: Bohemian Massif and Moravo-Silesian Zone
(grey-shaded); rectangle shows the position of the Strzelin Massif

dioritic-tonalitic and granitic rocks of various ages, structures
and chemical features.

In this contribution, we present three stages of Variscan
magmatism recognized in the Strzelin Massif, within the
framework of its tectonothermal evolution.

GEOLOGICAL SETTING

The Strzelin Massif is situated in the eastern part of the
Fore-Sudetic Block, 35 km south of Wroctaw (Fig. 2). In the
present paper, the name “Strzelin Massif” is used in a new,
wider meaning: it comprises poorly exposed crystalline rocks
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of the Lipowe Hills (western part of the massif, formerly the
Lipowe Hills Massif) and crystalline rocks of the Strzelin Hills
(eastern part of the massif, formerly the Strzelin Hills Massif)
(Oberc-Dziedzic et al., 2005). The western and eastern parts of
the Strzelin Massif are separated by a 6 km-wide belt of Ceno-
zoic deposits. In the massif, two structural units, separated by
the Strzelin Thrust (Oberc-Dziedzic and Madej, 2002;
Oberc-Dziedzic et al., 2005), have been distinguished. The
lower structural unit (the footwall of the thrust) belongs to
Brunovistulicum, whereas the upper unit (the hanging wall) is
considered as part of Moldanubicum (Oberc-Dziedzic and
Madej, 2002; Oberc-Dziedzic et al., 2005). The rocks of the
lower unit are more widespread in the eastern part of the
Strzelin Massif, whereas those of the upper unit predominate in
the western part of the massif.

The lower structural unit is composed of rocks of the
Strzelin Complex, comprising gneisses, an older schist series,
and a younger schist series (Fig. 2). The gneisses of the Strzelin
Complex are represented by:

— the Strzelin orthogneiss — fine- to medium-grained, por-
phyritic biotite-muscovite gneiss, with conformable intercala-
tions of amphibolites interpreted as former mafic dykes
(Szczepanski and Oberc-Dziedzic, 1998) and typical of the
northern part of the Strzelin Massif; the Strzelin orthogneiss
shows zircon 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 amphibolite intercalations, occurring in
the southern part of the Strzelin and Lipowe hills, with late
Neoproterozoic zircon ages (602 +7 and 587 +4 Ma, Klimas,
2008; 576 +18 Ma, Mazur et al., 2010). Both the ages and geo-
chemistry of the gneisses indicate their affinity to the Bruno-
vistulian Terrane (e.g., Van Breemen et al., 1982; Kroner et al.,
2000; Oberc-Dziedzic et al., 2003a; Mazur et al., 2010).

The older schist series (Oberc-Dziedzic and Madej, 2002;
Oberc-Dziedzic et al., 2005) of unknown age is composed of
amphibolites, mica schists, calc-silicate rocks and marbles.
These rocks accompany the Strzelin orthogneiss and almost
nowhere are in contact with the Nowolesie gneiss.

The younger schist series (the Jegtowa Beds; Oberc, 1966)
consists of quartzites, quartz-sericite schists and meta-
conglomerates, the protoliths of which were interpreted to have
been deposited in a back-arc basin during early- to mid-Devo-
nian times (Szczepanski, 2007). The Jegtowa Beds were corre-
lated with the quartzite formation in the Jesenik Mountains of
the East Sudetes (Bederke, 1931; Oberc, 1966), containing
Early Devonian fossils (Chlupac, 1975).

The upper structural unit (the hanging wall of the Strzelin
Thrust) is a part of Moldanubicum (Aleksandrowski and
Mazur, 2002) represented there by several tectonic klippen. It
comprises the rocks of the Stachéw Complex: dark,
fine-grained paragneisses, as well as coarse-grained, porphy-
ritic orthogneisses which have yielded late Cambrian/Ordovi-
cian (~500 =5 Ma) zircon ages (Oliver et al., 1993; Kroner and
Mazur, 2003; Oberc-Dziedzic et al., 2003b; Klimas, 2008;
Mazur et al., 2010) typical of the Moldanubian Zone (e.g.,
Turniak et al., 2000) and Saxothuringian Zone (Oliver et al.,
1993; Kroner et al., 2001; Oberc-Dziedzic et al., 2010). The in-
tercalations of paragneisses, with mica schists and amphibo-

lites, are interpreted as a Neoproterozoic or early Paleozoic
metamorphic envelope of the granitoid protolith of the
~500 Ma orthogneisses (Oberc-Dziedzic and Madej, 2002).

The structure of the Strzelin Massif was formed during the
Variscan orogeny in the course of two stages: the first, com-
pressive stage that comprised D; and D, deformation events,
and the second, extensional stage, comprising Dz and D, events
(Oberc-Dziedzic and Madej, 2002). The nape stacking, i.e. the
formation of the Strzelin Thrust and thrust-bounded units of
lower rank (Oberc, 1966; Cymerman, 1993; Oberc-Dziedzic,
1999), which took place during Dy, gave rise to crustal thicken-
ing and an increase in temperature. As a consequence, the
gneisses of the southern part of the massif achieved anatectic
conditions at T = 720°C and 6.5 1 kbar (Oberc-Dziedzic and
Madej, 2002). The first stage of anatexis, after D; and during
D,, was followed by decompression related to the beginning of
tectonic denudation. The decompression gave rise to the sec-
ond stage of anatexis which produced pegmatites and
leucocratic granites. The P-T conditions during the formation
of the pegmatites were estimated as T = 600°C and P = 3 kbar
based on a Grt + Bt + Sil + Ms assemblage (Oberc-Dziedzic
and Madej, 2002). Subsequently, dome-like uplift of migma-
tized rocks took place (Oberc-Dziedzic and Szczepaniski, 1995;
Szczepanski and Mazur, 2004). The formation of the dome was
accompanied by gravitational collapse (Szczepanski, 2001).

The Strzelin and the Stachow complexes were intruded by
four groups of Variscan granitoids (the numbers of the groups,
1 to 4, are referred to further in the text): (1) granodiorites, (2)
tonalites and quartz diorites, (3) medium- and fine-grained bio-
tite granites, and (4) two mica granites (Oberc-Dziedzic et al.,
1996). The Strzelin Variscan granitoids are rather exceptional
in the Sudetes area due to their petrographic variability and be-
cause they do not form a large single intrusion but many small
isolated bodies, mostly stocks and flat veins, typically tens of
metres thick (Oberc-Dziedzic, 1991). Their size and three-di-
mensional form were deduced from combining mapping data
with structural observations, thermal aureoles and mutual rela-
tionships between granitoids and their metamorphic envelope
in exposures and in a number of boreholes.

The granodiorites either form parts of granite and tonalite
intrusions or separate bodies. In the former case, they are tex-
turally similar to the granitoid dominating in the intrusion. In
separate bodies, the granodiorites show a medium-grained tex-
ture, locally porphyritic, with parallel alignment of biotite, and
some of them contain green hornblende. Field data show that
the granodiorites (1) were emplaced in the Strzelin Massif at
the begining of the Variscan igneous activity. The petrographic
and geochemical features, as well as the ages of these rocks, are
for the first time, presented in this paper.

The tonalites (2) are medium- or fine-grained rocks. They
form small bodies which were emplaced in two magmatic
events: first, at the begining of the Variscan plutonic activity,
before the granodiorites (1), and second, at the end of that activ-
ity. The younger medium-grained tonalites exposed at Gesiniec
were examined in detail by Pietranik and Waight (2008); they
were also dated at ~294 Ma using the Rb-Sr method (Pietranik
and Waight, 2005) and 291 +5.5 Ma by the Pb-evaporation zir-
con method (Turniak et al., 2006). The present paper provides
new petrographic, geochemical and SIMS U/Pb zircon age data
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for the oldest, medium-grained tonalites from Boznowice, and
for the younger fine-grained tonalites from Kalinka Hill in the
southern part of the Strzelin Massif (Fig. 2).

The quartz diorites (of group 2) are dark, medium- and
fine-grained rocks, often with black aggregates of hornblende
and biotite. They form small bodies known mainly from bore-
holes. They have not been dated. The textures and mineral
composition of the tonalites and quartz diorites change consid-
erably within a magmatic body (Oberc-Dziedzic, 2007).

Group (3) of granitoids comprises medium-grained biotite
granite and fine-grained biotite granite, tegether forming the
largest intrusion in the Strzelin Massif (Oberc-Dziedzic, 2007).
These rocks have been dated at 347 £12 Ma (Rb-Sr whole rock
method; Oberc-Dziedzic et al., 1996). A younger age of 301
+7 Ma was obtained by Turniak et al. (2006) using the
Pb-evaporation zircon method.

The pale, fine-grained biotite-muscovite granites (group 4)
occur as dykes cross-cutting all types of granitoids or as sepa-
rate intrusions. These rocks contain muscovite, andalusite and
pinite pseudomorphs after cordierite (Bere$, 1969; Lorenc,
1987). The two mica granites were dated at 330 £6 Ma (Rb-Sr
whole rock method; Oberc-Dziedzic et al., 1996; Oberc-
Dziedzic and Pin, 2000). However, bearing in mind that the
two mica granites cut other granitoids in the massif, the Rb-Sr
data should be rejected as too old in the light of the new ages re-
ported for the biotite granites and tonalites.

The rocks studied here come from the southeastern part of
the Strzelin Massif (Fig. 2). This part of the massif is com-
posed of the Strzelin gneiss, with intercalations of amphibo-
lite, mica schist and calc-silicate rock, which all were
overthrust on the precursors of the Nowolesie gneiss during
deformation D, (Oberc, 1966; Oberc-Dziedzic and Madej,
2002). The Variscan granitoids investigated comprise a
granodiorite and medium-grained tonalite drilled in the B1
borehole near Boznowice village, and a fine-grained tonalite
exposed on Kalinka Hill in the southern part of the Strzelin
Hills (Fig. 2). In the 240 m deep borehole B1, the granodiorite
forms several bodies, 1-30 m thick, surrounded by gneiss and
migmatite. The granodiorite contacts with the gneiss are sharp
and both rocks often interfinger. The tonalite from the B1
borehole (the Boznowice tonalite) forms two bodies, 0.5 and
1.5 m-thick in the borehole, surrounded by granodiorite
(0.5 m-thick) and migmatized gneiss (1.5 m-thick). The con-
tacts of the tonalite bodies with the granodiorite and gneiss are
diffuse. In borehole B1, apart from the medium-grained
tonalite, a fine-grained variety of tonalite occurs. It forms
2.5-11 m-thick bodies. The relationships between the two
tonalite varieties are unclear. The fine-grained variety of
tonalite and the fine-grained granite, cutting the gneiss and
granodiorite, have not been examined in detail.

The Kalinka tonalite forms one of the largest tonalite bodies
in the entire Strzelin Massif (Fig. 2). The body is a stock with a
60 m thick apophysis (Oberc-Dziedzic, 1991). The petrogra-
phy of the Kalinka tonalite was described by Beres$ (1969) and,
more recently, by Biatek (2006). Our studies of the Kalinka
tonalite concentrated on the most widespread variety dated
here by the SHRIMP method.

ANALYTICAL METHODS

The samples of granitoids and country rocks for
petrographic and geochronological studies were taken from
borehole B1 situated north of Boznowice village in the south-
eastern part of the Strzelin Massif, and from a small exposure
on Kalinka Hill in the central part of the massif (Fig. 2).

The petrographic observations are based on 36 thin sections
examined under the polarizing microscope. The chemical com-
position of rock-forming minerals was analysed at the Inter-In-
stitute Analytical Complex for Minerals and Synthetic Sub-
stances, Electron Microprobe Laboratory, Faculty of Geology,
the University of Warsaw. Analyses on 5 specimens were car-
ried out with the CAMECA SX 100 instrument, at the accelera-
tion voltage 15 kV, the electron beam current 10 nA for analy-
ses of plagioclase and mica, and 20 nA for other minerals, and
at counting time 20 s. The standards included both the minerals
and synthetic substances. The raw data were processed with the
PAP software supplied by CAMECA.

Six rock samples (Table 1) were analysed for major, trace
and rare earth elements, using combined ICP-OES and
ICP-MS techniques (Actlabs, Canada, code “4L.ithores™).

One sample of granodiorite and 2 samples of tonalite have
been analysed by C. Pin (University Blaise Pascal, Clermont-
Ferrand) for Sm-Nd isotopes, following procedures described
by Pin and Santos Zalduegui (1997). The analytical data are
listed in Table 2 (data from Oberc-Dziedzic et al., 2009b). The
initial **Nd/***Nd ratios are expressed as eNd; values, cor-
rected for in situ decay of **’Sm, assuming an age of 305 Ma for
the granodiorite, 325 Ma for the Boznowice tonalite, 295 Ma
for the Kalinka tonalite, and with model ages relative to the de-
pleted mantle model of De Paolo (19814, b).

Three samples have been selected for SHRIMP zircon dat-
ing: B1 188.2 — medium-grained tonalite, Boznowice, borehole
B1l; B1 117.5 — medium-grained granodiorite, Boznowice,
borehole B1; and KAL - fine-grained tonalite from Kalinka
Hill (Fig. 2). These samples, each ca. 5 kg in weight, were
crushed and the heavy mineral fraction (0.06-0.25 mm) sepa-
rated using a standard procedure with heavy liquid and mag-
netic separation. Zircons were handpicked under a microscope,
mounted in epoxy resin and polished. Transmitted and re-
flected light photomicrographs were made along with CL and
BSE images in order to select grains and choose sites for analy-
sis. The Sensitive High Resolution lon Microprobe
(SHRIMP 11) at the All-Russian Geological Research Institute
(VSEGEI) in St. Petersburg was used to determine zircon ages
in the samples selected. Overall, 22 analyses in each of the three
samples were performed.

SHRIMP analytical details are given in the Appendix. Un-
certainties for individual analyses (ratios and ages) are at the
one o level; however, the uncertainties in calculated Concordia
ages are reported at the 2 o level. The results of the zircon anal-
yses are shown in Tables 3-5, and in Figures 8-13.

Documentation of the research (samples, thin sections, re-
sults of whole-rock, EMP and other analyses, and the photo
documentation) are in the possession of the authors.
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Table 1 PETROGRAPHY
Chemical analyses of granodiorite and tonalite from borehole B1
and of the Kalinka tonalite COUNTRY ROCKS
%] Granodiorite Tonalite
B192 Bl9o2) | B1188) | B11882 K2c KAL Orthogneiss from the Boznowice region,
Si0, 69.59 68.97 62.57 61.36 58.25 59.16 being the country rock for the Variscan
Ti0, 0.37 0.38 0.764 0.9 1.16 115 granitoids, is known from several exposures
Al03 15.87 16.3 13.79 157 17.04 16.54 and from two boreholes (B1 and B2). Itis a pale
Fez0q 253 223 5.96 6.45 7.23 6.98 grey, fine-grained rock, with microcline
3;83 <g'%?12 %‘%21 o1 0'0018 8'228 %‘cﬁg porphy(ot)_lasts in_places, showing a clearly vis-
Mgo 0288 0:82 4:11 3.'91 3:32 3:28 ible _follatlon _deflngd by Iaygrs_ of quartz and
ca0 548 545 o5 264 =61 a7 plagioclase-microcline and biotite streaks. '!'he
N&O 201 399 172 > 338 329 polygonal shapgs_of qgartz and feldspa_r grains,
K,0 315 346 1.99 2.49 >4l 238 abundapce of 3|II|_man|te, presence of intergra-
P,0: 0.01 0.02 042 032 042 041 nu_lar film of albite and myrmekite, tggether
Lol 0.7 15 1 0.9 with rare leucosome and more often with bio-
Total 99.64 | 98.65 98.71 99.68 99.94 99.71 tite-rich selvages of melanosome (up to
AJCNK 11 11 08 1 09 0.9 20 mm-thick), parallel foliation, all are sugges-
AINK 16 16 27 Y 21 o1 tive of high temperature metamorphic condi-
ppm tions and an incipient stage of migmatization.
Cu 1705 65.5 28.9 225 At the contact with granodiorite and migmatite,
Pb 4 5 2.4 27 16 the gneisses lose their foliation and become
Zn 38 36 46 53 75 63 very fine-grained, nearly aphanitic.
Ni 45 31.6 18.5 17.7 Migmatites (sample B1 89.5) form rare in-
Au <0.5 10.9 0.5 tercalations within the gneiss. At the contacts
Tl 0.4 0.3 0.3 0.4 0.4 0.4 with the granodiorite, the migmatites are en-
Ba 1502 1627 461 651 513.1 551 riched in plagioclase and quartz-feldspar veins,
Co 74 97 26 65.5 82.5 52.2 whereas the granodiorite often contains scraps
Cs 3.8 3.9 2.0 2.7 1.6 1.6 of migmatite. The migmatites are composed of
Ga 17.3 17.4 20 208 211 216 1.0-1.5 cm lenticular domains of quartz and
Hf 4.6 41 7.4 8.6 7.8 8 similar-sized very fine-grained domains of
Nb 8.4 7.8 18.1 227 251 28 quartz-plagioclase, with minor biotite. Locally,
Rb 101 99 83 1017 82.7 91.8 the plagioclase of such domains forms larger
sn 2 2 2 3 3 3 grains hosting chaotically arranged bunches of
Sr 599 594 292 292.6 317.5 3335 sillimanite. Biotite accompanied by such
Ta 0.6 0.5 2.7 1.4 18 1.6 plagioclase does not show any signs of trans-
Th 2.1 2.7 14.5 113 105 7.9 formation. Both types of domain are sur-
U 18 L7 5.32 6.1 1.6 19 rounded by packets of coarse-grained biotite.
v 32 30 87 % 116 128 Locally, the migmatites grade into biotite
zr 148 130 812 3356 316.6 346.6 schists (sample B1 89.7) with clearly visible fo-
Za z'g 3'3 ?i'g 4212.3 222 ig'g Ii.at-ion Qefined by bi_otite and bunche§ of
' ' ' : : sillimanite. Small plagioclase and rare micro-
ce 9.4 = 132 909 1148 87.5 cline grains occur among the quartz grains. The
Pr 0.97 0.95 15.0 11.4 12.48 11.61 . . . . R
Nd X 36 o3 203 103 E) mica schists contain also prismatic sillimanite
sm 0.32 06 102 T 93 8.19 and late muscovite, the latter being a product of
Eu 0.02 131 1.86 145 201 197 plagioclase and sillimanite alteration.
Gd 0.41 033 8.36 5.83 767 703 In the migmatites, larger, rounded
To 0.07 0.07 1.26 0.95 105 11 plagioclase grains, 1-3 mm in diameter, form
Dy 0.14 056 65 528 6.07 6.24 clusters or single crystals surrounded by bio-
Ho 012 01 127 0.99 125 118 tite. They contain 38-46% An in the core and
Er 0.43 0.38 333 287 337 332 22-26% An in the rim. The cores are irregular
m 0.08 0.08 051 0.43 051 0.48 and embayed. The large plagioclase grains
Yb 0.48 0.53 3.03 26 2.72 2.04 contain inclusions of small rounded flakes of
Lu 0.1 0.09 0.44 0.42 0.44 0.45 biotite. The composition of small rounded
SREE | 22.06 18 310.06 21457 | 26347 216.31 plagioclases from very fine-grained domains,
Lan/Yby 8.22 8.83 15.69 11.2 13.55 9.7 and of larger anhedral grains associated with
Eu/Eu* 7.57 9.05 0.62 0.68 0.73 0.8 sillimanite, is the same as that of the rims of the

AICNK A =mol Al,05, C=mol CaO, N =mol Na,O, K =mol K,0,CNK=C+N+K,NK=N+K

large plagioclase grains, i.e. 23-27% An.
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Table 2
Sm-Nd isotope data for granodiorite and tonalie from borehole B1 and for the Kalinka tonalite
(data from Oberc-Dziedzic et al., 2009b)
Sample Type sm Nd | Sm/Nd | Y'Sm/“Nd | MNdANd | eNdo | eNdg A[g,\ﬁaﬁt) Tenor [Té’aM]
granodiorite _ _
1| B1923 Boznowice 0.527 3.87 0.14 0.0823 0.512015 (2) 12.2 7.7 305 1.20 1.20
tonalite
2 | B1188.2 | poo owice 7.65 41.6 0.18 0.1111 0.512236 (2) -7.9 -4.3 325 0.72 1.20
3 KAL t}ggﬁlri}(ea 7.96 42.3 0.19 0.1136 0.512275 (2) -7.1 -4.0 295 0.67 1.17

Tcrur — T-Chondritic Uniform Reservoir model ages; Tom — T-Depleted Mantle model ages
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Fig. 3. Composition of biotite from the Boznowice migmatite,
granodiorite and tonalite and from the Kalinka tonalite

A — Mg/(Mg+Fe) vs. AlV'diagram; B — Mg/(Mg+Fe) vs. Ti*diagram

K-feldspar was detected using EPMA as very rare small
grains hidden among plagioclases in the matrix. It contains up
t0 10.6% of Ab and 2.3% Cs components but practically no An.

Coarse-grained biotite is characterized by constant
Mg/(Mg + Fe) ratios of ~0.43 (Fig. 3). The Ti*"content in this
kind of biotite is distinctly higher and AI"" is lower than in
biotites enclosed in larger plagioclases from the very fine-
grained domains (respectively: Ti*": 0.32 to 0.42 apfu vs. 0.29;
AIV": ~0.85 apfu vs. ~1.0 apfu). The very fine-grained domains
probably formed during incipient melting.

GRANODIORITE

Sample B1 92.3 is a medium-grained granodiorite com-
posed of quartz, plagioclase, K-feldspar and biotite. Pale grey-
bluish K-feldspar phenocrysts, up to 1 cm across, are rare.

The K-feldspar grains consist of the core, rich in Ab (up to
15%) and Cs (up to 3.6%) components (Fig. 4A), and the zoned
rim, reflecting variable Ba contents (Fig. 4A). In places, a thin
zone of tiny inclusions of feldspar of Orsg7-Abg; g-Anyg7-CS1 9
is visible between the core and rim. K-feldspar grains contain
inclusions of plagioclase, biotite, ilmenite and quartz in their in-
ner parts (Fig. 4A), but rims are free of inclusions, except the
borders, that contain inclusions of plagioclases of ~27% An
formed by the corrosion of plagioclase by K-feldspar (Fig. 4B).
In the matrix, K-feldspar forms small anhedral grains among
rounded plagioclase (Fig. 4C).

Plagioclase forms two types of grain: larger, tabular crys-
tals, several mm long, locally deformed (Fig. 4D), and smaller
rounded grains (Fig. 4E), enveloped by biotite. Both types have
corroded cores containing 40-51% An (46% in rounded
grains) and rims, in which An content decreases from 35% An
in the inner part to 26% at the margin. Between the cores and
rims, there is a zone containing 26-30% An (Fig. 4D, E).
Plagioclase forms also inclusions in K-feldspar. In such inclu-
sions, the inner parts, containing 22—25% An, are surrounded
by rims of pure albite. A similar composition is observed in
perthitic intergrowths in K-feldspar phenocrysts. Small grains
in the matrix contain about 28% of An (Fig. 4C), similarly as
rims of larger grains.

Biotite in the granodiorite has a very constant composition.
The Ti** content is usually within the range of 0.40-0.46 apfu,
Al is 0.60-0.70 apfu, exceptionally higher (Fig. 3). The com-
position field of the biotite from the granodiorite partly over-
laps those from migmatites and mica schists (Fig. 3).

TONALITES

The Boznowice tonalite is a dark grey, medium-grained
rock, homogenous in the inner part of the intrusion, and show-
ing schlieren structure towards the contact with the country
rocks. The matrix displays a hipidiomorphic texture, defined by
plagioclase laths. Apart from the small plagioclases, larger
grains of that mineral, with older cores, are spotted. In places,
they form clusters surrounded by a common rim. Dark miner-
als, biotite and amphibole, form separate monomineral clusters.
Commonly, the amphibole clusters are overgrown by biotite.
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Fig. 4. Minerals of granodiorite B1 92.3

A —zoned K-feldspar phenocryst, numbers show celsian content, crossed polars; B — corrosion of plagioclase (PI) by K-feldspar (Kfs),
BSE image; C - anhedral grains of Kfs among rounded plagioclase grains (Pl) of the matrix, BSE image; D — cracked grain of
plagioclase (PI), crossed polars, below: profile showing An content; E — rounded plagioclase grain surrounded by biotite (Bt), crossed

polars, below: profile showing An content

The Kalinka tonalite is a fine-grained rock composed of
euhedral laths of plagioclase, 0.5-1 mm in size, defining a
hipidiomorphic texture, and of quartz, amphibole, biotite and
apatite. K-feldspar forms rare minute grains.

A common feature of the plagioclase of the Boznowice and
Kalinka tonalites is the presence of a cleft at the border between

the inner and outer parts of a grain (Fig. 5A-D, F). This cleft is
usually empty, but can be filled with pyrite (Fig. 5F). Larger (up
to 2 mm) grains of plagioclase in the Boznowice tonalite display
euhedral inner parts and irregular, zoned rims (Fig. 5A, B). The
inner parts contain a dismembered and embayed core, with up to
76% An, rimmed by 38-42% An plagioclase (Fig. 5B, profile
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Fig. 5. Minerals of tonalites

A - plagioclase from B1 188.2 tonalite, crossed polars; B — the same grain as (A) in BSE image; below: profiles a—b and c—d
showing An content in plagioclase, r —rim, ¢ — core; C — plagioclase twins in Kalinka tonalite K2-5, crossed polars; below: pro-
files 1 and 2 showing An content in plagioclase; D — BSE image of plagioclases in Kalinka tonalite with hipidiomorphic texture;
below: profile 1, 2, 3 showing An content in one of grains; E — euhedral grain of hornblende (Hbl) in Kalinka tonalite; below:
compositional profile (a—b) of hornblende; F — B1 188.2 tonalite: two pseudomorphs after amphibole composed of small grains
of magnesiohornblende (Hbl), surrounded by biotite (Bt); at the bottom, plagioclase grain (PI) with the core surrounded by a
cleft filled with pyrite; similar clefts but not filled, are visible also on A-D, one polar
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a—h, ¢ part on the graph). The An content occasion- 10 tremolite

ally decreases to ~25% An (Fig. 5B — graph). In the 0.9 magnesiohomblende

outer part, the An content near the cleft increases up - *

to 64% and sharply (left side of graph Fig. 5B) or .‘ "0830 tschermakite
gradually dec_reases to 32% (c—d profile, right side ~ actinolite ®|® ~.3

of graph, Fig. 5B). Small anhedral laths of o ¢

plagioclase from the matrix of the Boznowice é 05 ® o

tonalite have the same content 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. forro- .

In the Kalinka tonalite, the An content in the actinolite ferrohornblende ferrotschermatite
inner parts of plagioclases is only slightly variable, : ﬁl-lgs'z
between 64% An and 61% An (Fig. 5C, D). In the
outer parts, outside the clefts, the An content de- 085 75 70 65 60 5.5
creases from 62 to about 30% and then increases to Si

37% (Fig. 5D graph).

The large plagioclase grains in the Kalinka
tonalite show simple zonation patterns, compared
with the complex ones in the Boznowice tonalite.
The composition of the Kalinka plagioclases and the rims of
the larger plagioclase grains and small matrix grains in the
Boznowice tonalite are similar.

In both types of tonalite, biotite forms clusters and single
plates, or overgrowths on amphibole clusters. The chemical
composition of the biotite does not depend on its position in the
rock. The Mg/(Mg + Fe) ratios of biotites in the Boznowice
tonalite are higher compared with those in the Kalinka tonalite.
Both tonalites have these ratios higher than the granodiorite
and migmatite. The biotites in the Kalinka tonalite are richer in
Ti (0.36-0.45 apfu) compared with the Boznowice tonalite
(0.19-0.24 apfu). In contrast, the Al''content is higher in the
biotite from the Boznowice tonalite (0.38-0.51 apfu) than that
from the Kalinka tonalite (0.22-0.34 apfu) (Fig. 3).

In both types of tonalite, amphiboles usually form clusters
of small, pale green grains (Fig. 5F). The euhedral grains are
only occasionally found in the Kalinka tonalite (Fig. 5E). Fol-
lowing the procedure of Leake et al. (1997), the amphiboles in
the Boznowice and Kalinka tonalites belong to the calcic
group, with Cag >1.5, (Na + K), <0.50 and Caa <0.50. In both
tonalites, the amphiboles are actinolite and magnesio-
hornblende, with Mg/(Mg + Fe) ratios 0.64-0.80 in the
Boznowice tonalite, and 0.57-0.70 in the Kalinka tonalite
(Fig. 6). The cores of the larger, euhedral amphibole grains
from the Kalinka tonalite show much higher contents of Al, Na,
K, Ca and Ti, and lower contents of Si than the small anhedral
amphibole grains. Their composition is close to tschermakite
(Fig. 5E, graph; Fig. 6).

BULK-ROCK CHEMISTRY

MAJOR ELEMENTS IN GRANODIORITE
AND TONALITES

The Boznowice granodiorite (B1 92) is a silica-rich (69%
Si0O,) and potassium-rich (3.15-3.46% K,0), peraluminous
rock, with A/CNK of 1.1 (Table 1), and relatively high, up to
1.4%, contents of normative corundum. The proportion of nor-
mative orthoclase (28%) and normative plagioclase (Ab + An

Fig. 6. Compositional variation of amphiboles from Boznowice and Kalinka
tonalites shown on the Leake et al. (1997) classification diagram; 31 analyses

~ 46%) is typical of granodiorite. The Boznowice (B1 188) and
the Kalinka (K2c, KAL) tonalites show small but distinct dif-
ferences in the major element contents. The Boznowice tonalite
is richer in SiO, and MgO but poorer in TiO,, Al,O3, Fe,03,
K,0 and Na,O than the Kalinka tonalite. Both tonalites are high
potassic, metaluminous rocks with A/CNK 0.8-1.0 (Table 1).

TRACE AND RARE EARTH ELEMENTS
IN GRANODIORITE

The Boznowice granodiorite is very rich in Ba
(1500-1627 ppm) and Sr (~600 ppm). Ba contents are
200-600 ppm higher and Sr about 200 ppm higher than in other
granodiorites in the Central and East Sudetes (Oberc-Dziedzic
etal., 2009b). The Zr/Nb (16.66-17.62), Nb/Th (2.88-4.0) and
Ce/Pb (2.2-2.35) ratios are comparable with those of the conti-
nental crust (Hofmann, 1988; Wedepohl et al., 1991; Nutman
et al., 1999; Oberc-Dziedzic et al., 2009a).

The multi-element diagram of trace element concentrations
normalized to chondrite (Fig. 7A) is characterized by strong Th
and P negative anomalies and strong positive anomalies of Sr,
Zr and Hf; however, there are no negative anomalies of Nb and
Ta, usually considered as typical of continental crust material
(Taylor and McLennan, 1985). The negative phosphorus
anomaly reflects probably apatite fractionation and removal or
scarcity of this component in the source materials.

In the Boznowice granodiorite, the total REE content is
very low, 18-22 ppm (Table 1). The chondrite-normalized
REE patterns (Fig. 7B) display distinct, steep decreasing LREE
and slightly increasing HREE branches, apparently indicating
specific chemical characteristics of the magma source. The
(La/Yb)y ratios are 8.22—8.83. The most characteristic feature
of the granodiorite REE patterns is a pronounced positive
anomaly of Eu/Eu*, between 7.57-9.05, indicating that this
rock contains substantial amounts of cumulus plagioclase, also
clearly seen in the high Sr contents.

The enrichment of the granodiorite in Ba, Sr and Eu (in
proportion to La and Y), all suggest feldspar fractionation
processes.
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Fig. 7. Boznowice granodiorite (A, B), Boznowice tonalite (C, D) and Kalinka tonalite (E, F) compared with 7 sam-
ples of the tonalites ~295 Ma (shaded) from the Strzelin Massif on the chondrite-normalized multi-element dia-
grams — A, C, E (normalization values of Thompson, 1982) and chondrite-normalized REE plots — B, D and F
(normalization values of Nakamura (1974) with additions from Haskin et al., 1968)

TRACE AND RARE EARTH ELEMENTS
IN TONALITES

The Boznowice tonalite and the Kalinka tonalite display
similar concentrations of trace elements, except Ni, U and Cu,
which are much higher in the Boznowice tonalite than in the
Kalinka tonalite (respectively, Ni: 31.6-45 and 17.7-18.5; U:
5.32-6.1and 1.6-1.9, Cu: 65.5-170.5 and 22.5-28.9 ppm; Ta-
ble 1). On the diagrams of trace element concentrations nor-
malized to chondrite (Fig. 7C, E), all tonalite samples show
negative Nb, Sr and Ti anomalies. The Nb anomaly is consid-
ered as typical of continental crust (Taylor and McLennan,
1985). The distinct negative Sr anomaly (Fig. 7C, E) reflects
the low concentration of this element in the tonalites
(292-333 ppm) compared with that in chondrite (11 800 ppm;
Thompson, 1982), but similar to that in upper crust (350 ppm;
McLennan et al., 2006). The Sr, P and Ti negative anomalies
point, respectively, to plagioclase, apatite, and ilmenite frac-

tionation and removal. The combined negative Eu- and Sr
anomalies suggest that plagioclase was either an important re-
sidual mineral in the source or was (partly?) removed during
fractional crystallization (Green, 1980).

The absolute abundances of total REE in the Boznowice
and Kalinka tonalites are much higher (214-310 ppm) than in
the granodiorite. The patterns on the plot of REE normalized to
chondrite (Fig. 7D, F) are characterized by an enrichment of
light REE and a flat, nearly horizontal HREE section. The en-
riched LREE section indicates moderate fractionation of the
lightest REE (up to ~200 times chondrite values for La). The
(La/Yb)y ratios are 9.7-15.69. The fairly flat HREE sector may
indicate the presence of pyroxene and/or hornblende in the
source (Hanson, 1978). The tonalites have a small negative Eu
anomaly (Eu/Eu* = 0.62-0.8).

The patterns of chondrite-normalized trace and REE dia-
grams of the Boznowice and Kalinka tonalites are similar to the
patterns of other tonalites from the Strzelin Massif (Fig. 7C—F).
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Sm-Nd SYSTEMATICS

The Sm-Nd isotope ratios in the Boznowice granodiorite
and the Boznowice and Kalinka tonalites are given in Table 2
(data from Oberc-Dziedzic et al., 2009b). The Boznowice
granodiorite displays the lowest values of all ratios: Sm/Nd
(0.14),"Sm/"*Nd  (0.0823), "'Nd/"*Nd (0.512015), and
€Nds05(—7.7). The model age calculated using the De Paolo
(1981a, b) depleted mantle model (Tpy) is 1.2. In both types of
tonalites, all these ratios (except the Tpy values) are higher than
in the granodiorite (Table 2) and similar to each other. The neg-
ative eNd value indicates a likely crustal source of magma. The
higher values of eNds;s=—4.3 in the Boznowice tonalite and of
eNd,9s=—4.0 in the Kalinka tonalite might reflect igneous mix-
ing, in adequate proportions, of typical continental material
with negative eNd values, and mafic magma with positive eNd.

SHRIMP ZIRCON STUDY

BOZNOWICE TONALITE,
SAMPLE B188.2

All the zircons in this sample are alike: subhedral to
anhedral, with a specific, “corroded” appearance. In reflected
light, in many crystals, numerous “cavities” are visible. In
cathodoluminescence (CL) images (Fig. 8), all the grains show
very characteristic internal structures: radial or fan-like patterns
of alternating CL-darker and brighter, often diffused stripes.
Such structures could result from metamictization. An impor-
tant role of metamictization processes in these zircons is in line

with the observed high U (882-5807 ppm) and, often, Th
(505192 ppm) contents (Table 3). The Th/U ratio varies be-
tween 0.02 and 2.09, and the ***Pb, is usually low, 0.0—-1.14%.

Six points analysed have significant discordance D, be-
tween +10 and +68%, suggesting that the **’Pb/**Pb ages,
scattered from 340 to 480 Ma, represent minimum ages (Ta-
ble 3). The remaining 16 points are broadly concordant and
their mean Concordia age is 324 +4 Ma (Fig. 9). Four points
(9.1, 4.1, 19.1 and 19.2) intercept at 0 and 331 £12 Ma.

Summing up, the main zircon population of 324 +4 Ma
mean Concordia age could be interpreted as representing the
main magmatic event. However, the positively discordant
points may indicate Pb-loss (and lowering the Th/U ratios),
thus possibly implicating that the true magmatic age may be
older, e.g. corresponding to the oldest points of the main popu-
lation, around 330 Ma.

BOZNOWICE GRANODIORITE,
SAMPLE Bl 117.5

The zircon population in this sample is homogeneous and
represented by euhedral, long- to normal-prismatic, clear and
transparent crystals. A few grains are broken. Most of the crys-
tals in CL images display strong oscillatory, magmatic zonation.
In a few grains, CL-bright or cloudy cores are visible (Fig. 10).

The U and Th concentrations vary from low (U 72 ppm, Th
24 ppm), to rather high (e.g., U 1703 ppm, Th 812 ppm). The
Th/U ratio varies slightly, between 0.22 and 1.14, whereas
2%pp, is low, 0.02—-1.13% (Table 4).

Two analytical points show relatively high negative discor-
dance (point 10.1 —57; point 1.1 —22), and they should be inter-
preted with caution. Three other points clearly indicate the

Fig. 8. Cathodoluminescence images of zircons analysed from Boznowice tonalite B1 188.2

Various morphological types and various internal structures are represented (see text for further explanation). Symbols of analytical points corre-
spond to those in Table 3; analytical points indicated by elipses, with longer axis ca. 30 wm; **Pb/?**U ages and one o errors are given



Table 3

SHRIMP data for zircons from the Boznowice tonalite, sample B1 188.2

. 1 1 1
Spot 26ppy. U Th zgggl'h/ 205ppy* ) 207 (12)06 208 (];)32 D(IjSaCr:Jtl’- ;Ztal iy 2:70 ! +0 = +0 . 104 @ + err
[%] | [ppm] | [ppm] U | [ppm] | 2%pp/238y Age | ~ PR/TPD Pb/*Th u/ N Pb/  F | Wy, TG 07ppey EL | 207ppyyg corr
Age Age [%] 206pp 206pp 206ppy* 200pyx 235

B1188.2 1.1 - 1667 32| 0.02 | 748 | 3282 79| 322 +19| 346 +26 -2 [19.15 25 | 0.05282 0.83 | 19.15 2.5 0.05283 0.83 | 0.3805 2.6 | 0.949
B1188.2 2.1 0.23 | 1954 823 | 0.44 | 87 3249 +7.8 | 337 +33| 3315 +9.5 4 19.3 25| 0.05508 0.91 | 19.35 25| 0.05319 15 0.379 29| 0.86
B1188.2 3.1 - 1620 671 | 043 | 72 3252 +7.9 | 340 23| 350 +11 4 19.33 25| 0.05321 1 19.32 25| 0.05325 1 0.38 2.7 | 0.926
B1188.2 3.2 0.00 | 1584 181 | 0.12 | 716 | 330.7 +8 324 423 | 342 +11 -2 19 25| 0.05289 1 19 25| 0.05289 1 0.384 2.7 | 0.924
B1188.2 4.1 0.22 | 1356 64 | 0.05 | 56.5 | 304.4 7.4 | 378 +47| 333 +51 24 20.64 25| 0.05597 1.1 | 20.68 25| 0.0542 2.1 0.361 3.3 | 0.763
B1188.2 5.1 0.03 | 1258 72 | 0.06 | 55 319.8 +7.7 | 336 27| 352 +16 5 19.66 2.5 | 0.05343 1.2 | 1966 25| 0.05316 1.2 0.373 2.8 | 0.898
B1188.2 6.1 0.00 | 1648 | 1515 | 0.95 | 73.3 | 3252 +79 | 318 +23| 305.8 +8 -2 19.33 25| 0.05275 1 19.33 25| 0.05275 1 0.376 2.7 | 0.925
B1188.2 7.1 - 2212 50 | 0.02 | 96.1 | 3181 7.7 | 330 21| 367 +24 4 19.78 2.5 | 0.05281 0.88 | 19.77 25| 0.05304 0.92 | 0.3699 2.6 | 0.937
B1188.2 8.1 - 1118 | 1138 | 1.05 | 476 | 311.8 +7.6 | 302 32| 304.2 +8.1 -3 20.19 25| 0.05193 13 | 20.18 25| 0.05238 14 0.358 2.9 | 0.868
B1188.2 9.1 - 1404 | 1115 | 0.82 | 43.7 | 229.4 456 | 372 £34| 290.3 +7.8 62 2761 25| 00536 13 | 276 25| 0.05402 15 0.2699 2.9 | 0.855
B1188.2 10.1 - 983 468 | 0.49 | 45.2 | 336 +8.2 | 327 30| 336 +9.4 -3 18.7 25| 0.05279 13 | 1869 25| 0.05295 1.3 0.391 2.8 | 0.885
B1188.2 11.1 - 2116 163 | 0.08 | 91.2 | 3157 7.6 | 294 21| 334 +11 -7 19.93 2.5 | 0.05212 0.89 | 19.93 25| 0.05219 0.9 0.3611 2.6 | 0.94

B1188.2 12.1 | 0.07 | 1838 | 1750 | 0.98 | 78 3108 +7.5 | 341 #25| 306.5 +7.9 10 20.23 2.5 ]0.05382 0.96 | 20.25 2.5| 0.05328 1.1 0.3628 2.7 | 0.915
B1188.2 13.1 — 2374 | 3017 | 1.31 |108 333.7 +8 351 26| 328.2 +8.7 5 18.83 2.5 | 0.05301 0.84 | 18.82 2.5| 0.05353 1.1 0.392 2.7 | 0.907
B1188.2 14.1 | 0.96 | 2206 | 2593 | 1.21 | 82.7 | 2726 *6.6 | 383 +60| 266.1 +7.3 41 2293 2.5 | 0.062 09 | 2315 25| 0.0543 2.7 0.323 3.6 | 0.682
B1188.2 15.1 | 0.09 | 882 1094 | 1.28 | 40.3 | 3342 82 | 341 +42| 3433 +9.3 2 18.78 2.5 ]0.05398 1.4 | 188 25| 0.05329 1.8 0.391 3.1 | 0.806
B1188.2 16.1 | 0.08 | 1907 | 1823 | 0.99 | 825 | 3165 #7.6 | 319 #31| 3245 +8.5 1 19.85 2.5 | 0.05345 0.96 | 19.87 2.5| 0.05278 1.4 0.366 2.8 | 0.878

B1188.2 17.1 | 0.26 | 2099 185 | 0.09 | 93 3234 £7.8 | 329 34| 350 +21 2 19.39 2.5 | 0.05513 0.89 | 19.44 25| 0.05301 15 0.376 2.9 | 0.856
B1188.2 18.1 | 0.00 | 2494 | 5046 | 2.09 |117 3431 #83 | 315 19| 3321 +8.4 -8 18.29 2.5 | 0.05268 0.82 | 18.29 25| 0.05268 0.82 | 0.397 2.6 | 0.949
B1188.2 19.1 | 0.66 | 2390 | 1675 | 0.72 | 95.8 | 292 +7.1 | 377 +60| 302.5 +9 29 21.44 2.5 | 0.05949 0.84 | 21.58 2.5 | 0.0542 2.7 0.346 3.6 | 0.682
B1188.2 19.2 | 1.14 | 5807 | 5192 | 0.92 |229 2858 £6.9 | 479 43| 1327 +4.5 68 21.81 2.5 | 0.06595 0.64 | 22.06 2.5 | 0.0567 2 0.354 3.2 | 0.784

B1188.2 20.1 | 0.94 | 1479 | 1486 | 1.04 | 62.2 | 3052 7.4 | 307 +75| 318.4 +9.2 1 20.43 2.5 | 0.06009 1 20.63 2.5 | 0.0525 3.3 0.351 4.1 | 0.604

Errors are 1o; Pb; and Pb* — the common and radiogenic portions, respectively; error in standard calibration was 0.86% (not included in above errors but required when comparing data from different mounts); (1) — com-
mon Pb corrected using measured *Pb
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Table 4
SHRIMP data for zircons from the Boznowice granodiorite, sample B1 117.5
1 1 1 . Total Total (1) (1) 1)
Spot ZO[T)Z?C [p;)Jm] [p-gr]‘n] zziz;rS/ [;(;Jsr';?* ZOGP(b/)ZSBU 207Pl()/2)06Pb 208Pé/2)32Th D(I%Zajn(]:{r 238, +% 207pp +% 238 +% 207pp ) +% 207pp ) +% (?(I;l;}
Age Age Age 0 zospb ZOBPb zoepb* 206Pb* 235U

B1117.5 8.2 0.27 428 | 231 | 0.56 165 |281.6 6.7 | 348 %72 274.9 +9.6 24 22.33 2.4 |0.0556 1.9 2239 24| 0.0535 3.2 0.329 4 0.608
B11175 2.1 0.13 536 | 497 | 0.96 216 | 2946 7 286 62 294.7 +8.3 -3 21.36 2.4 |0.0531 2.1 2139 24| 0.052 2.7 0.335 3.7 | 0.669
B11175 7.1 0.23 556 | 600 | 1.11 225 |295.6 7 308 58 285.8 +7.9 4 2126 2.4 |0.05435 15 21.31 2.4 | 0.0525 2.5 0.34 3.5 | 0.687
B1117.5 9.1 0.19 432 | 364 | 0.87 175 |296.2 +7.1 | 311  +54 2934 +8.4 5 2122 2.4 |0.05412 16 21.26 2.4 | 0.0526 24 0.341 3.4 | 0.717
B11175 1.1 0.33 635 | 434 | 0.71 26.2 |301.4 7.3 | 236 120 301.0 12 22 20.82 2.5 |0.05353 1.8 20.89 25| 0.0509 5.4 0.336 59 | 0421
B1117.5 9.2 0.23 895 | 866 | 1.00 | 37.1 |303.1 7.1 | 265 %63 298.8 +8.2 -13 20.72 2.4 |0.05337 1.2 20.77 2.4 | 0.0515 2.7 0.342 3.6 | 0.66
B11175 4.1 1.13 72 24 | 0.34 | 3.02 |303.9 85 | 352 £360 306.0 +62 16 20.48 2.7 | 0.0626 3.8 20.71 28| 0.0535 16 0.356 16 0.177
B1117.5 142 | 0.13 | 1030 | 590 | 0.59 428 |3045 7.1 | 296  +51 300.1 +8.9 -3 2065 2.4 |0.05328 1.1 20.67 2.4 | 0.0522 2.3 0.348 3.3 | 0.729
B1117.5 8.3 0.01 | 1410 | 672 | 0.49 58.7 |304.9 7.1 | 301 #21 289.1 +7.4 -1 20.64 2.4 |0.05244 092 | 20.65 2.4 | 0.05236 093 | 0.3497 2.6 | 0.931
B1117.5 122 | 0.1 1112 | 912 | 0.85 46.7 |307.2 *7.2 | 305 35 306.9 +7.9 -1 2047 2.4 |0.05323 0.99 | 20.49 2.4 | 0.05245 1.5 0.353 2.8 | 0.842
B1117.5 8.1 0.3 199 88 | 0.46 8.38 | 307.4 75 | 265 120 309.0 17 -14 2041 2.5 |0.054 2.4 20.47 25| 0.0515 5.3 0.347 59 | 0.424
B1117.5 10.2 | 0.04 974 | 659 | 0.7 40.9 [307.6 7.2 | 319 29 305.0 +8.2 4 20.45 2.4 |0.05309 1.1 2046 24| 0.05276 1.3 0.3556 2.7 | 0.884
B1117.5 12.1 | 0.13 301 | 137 | 0.47 12.8 |310.0 7.4 | 317 64 308.0 11 2 20.27 2.4 |0.0538 1.9 20.3 24| 0.0527 2.8 0.358 3.7 | 0.657
B1117.5 11.1 | 0.43 87 55 | 0.66 3.7 3119 #8 304 +150 297.0 %17 -3 20.09 2.6 |0.0559 3.5 20.18 2.6 | 0.0524 6.7 0.358 7.2 | 0.364
B1117.5 3.1 0.2 841 | 563 | 0.69 359 [312.2 #7.3 | 288 57 310.6 +9.1 -8 20.11 2.4 |0.05366 1.2 20.15 2.4 | 0.0521 2.5 0.356 3.5 | 0.691
B11175 6.1 0.02 715 | 789 | 1.14 | 30.6 |313.1 74 | 338 30 306.3 +7.9 8 20.09 2.4 |0.05335 1.3 2009 24| 0.05321 13 0.365 2.7 | 0877
B1117.5 5.1 0.23 556 | 471 | 0.88 239 |313.6 74 | 270 %80 310.7 +9.6 -14 20.01 2.4 |0.05354 14 20.06 2.4 | 0.0517 35 0.355 4.3 | 0.567
B1117.5 4.2 0.07 | 1469 | 1148 | 0.81 63.0 |313.8 7.3 | 303 *25 311.9 +8.1 -3 20.04 2.4 |0.053 0.88 | 20.05 2.4 | 0.05241 1.1 0.3604 2.6 | 0.907
B1117.5 10.1 | 0.92 74 42 | 0.58 3.23 | 3155 85 | 135 #270 286.0 *26 -57 19.75 2.7 | 0.0561 4 19.93 2.7 | 0.0487 11 0.337 12 0.234
B1117.5 13.2 | 0.07 | 1359 | 286 | 0.22 70.1 |375.6 8.7 | 429  £26 389.0 12 14 16.66 2.4 | 0.056 0.82 | 16.67 2.4 | 0.05542 1.2 0.458 2.7 | 0.899
B1117.5 13.1 | 0.16 | 1703 | 812 | 0.49 93.6 [399.2 9.2 | 545 63 4240 *13 37 15.63 2.4 | 0.0597 2.6 15.65 2.4 | 0.0584 2.9 0.514 3.7 | 0.639
B1117.5 14.1 | 0.07 325 | 337 | 1.07 46.1 |985.0 22 974  +25 | 1026.0 +26 -1 6.05 2.4 | 0.0722 0.9 6.06 24| 0.07159 1.2 1.629 2.7 | 0.889
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Table 5

SHRIMP data for zircons from the Kalinka tonalite, sample KAL

2pp. | U Th | 22Th/ | *%pb* @) @ Discor- | T Toul = . @ err
Spot %]° 238 2%ppP®U | 2TPb/APh | dant | g, *% | o0 2% | 38, *% | 207 % | 207 +%
[%] | [ppm] | [ppm] U | [ppm] Age Age [%] zoegé 206Pptz)/ 206l 206%%*;/ 23@1&*/ corr

KAL 1.1 0.09 365 366 | 1.04 149 | 299.1 £7.6 | 350 +57 17 21.04 26 |0.0542 21| 21.06 2.6 | 0.0535 25 | 0.35 3.6 | 0.721
KAL 2.1 0.4 312 316 | 1.05 12.2 | 2859 +6.8 | 288 +120 1 2196 2.4 |0.0553 23| 2205 24| 0.0521 54 | 0.325 59 | 0.412
KAL 3.1 0.06 683 | 1084 | 1.64 276 | 2959 6.8 | 279  #42 —6 21.28 2.4 |0.05233 16| 21.29 24| 005186 1.8 | 0.336 3 0.792

KAL 4.1 0.00 692 | 1174 | 1.754 | 27.6 | 2927 6.8 | 343 35 17 2153 2.4 |0.05336 1.6 | 21.53 2.4 | 0.05333 1.6 | 0.3415 2.8 | 0.834
KAL 5.1 0.04 | 365 223 | 0.63 145 | 2923 7 297  £52 2 2155 2.4 10.0526 22| 2156 2.4 | 0.0523 2.3 | 0.334 3.3 | 0.73

KAL 6.1 0.33 404 81 | 0.21 16.3 | 2951 7 277 *120 —6 2128 2.4 10.0544 21| 2134 24| 0.0518 5.4 | 0.335 5.9 | 0.408
KAL 7.1 0.07 543 861 | 1.64 222 | 299.6 6.9 | 302 +46 1 21.01 2.4 ]0.05291 1.7 | 21.02 2.4 | 0.0524 2 0.343 3.1 | 0.759
KAL 8.1 0.3 338 194 | 0.59 139 | 301.1 7.1 | 262 +120| -13 20.85 2.4 |0.0538 22| 2091 24| 0.0515 51 | 0.339 5.7 | 0.426

KAL 8.2 1.26 96 50 | 0.53 3.87 | 2904 8.3 | 291 =460 0 21.42 2.6 |0.0622 49| 21.7 29| 0.052 20 0.331 21 |0.143
KAL 9.1 0.23 464 619 1.38 18.4 | 290.5 #6.8 | 247 +95| -15 21.64 2.4 ]0.05301 1.9 | 21.69 2.4 | 0.0511 41 | 0.325 4.8 | 0.501
KAL 10.1 0.69 272 135 | 0.52 11.1 | 296.7 £7.2 | 233 190 | -21 21.08 2.4 |0.0564 2.4 | 21.23 2.5 | 0.0508 8.2 | 0.33 8.6 | 0.291
KAL 10.2 0.19 335 170 | 0.52 124 | 2721 +6.4 | 296 %86 9 2315 2.4 ]0.0538 23| 2319 24| 0.0522 3.8 | 0311 45 | 0.54

KAL 11.1 0.51 216 216 1.04 8.73 | 295 +7.2 | 242 *180| -18 21.24 2.4 ]10.0552 26| 21.35 25| 0.051 7.7 | 0.33 8.1 | 0.306
KAL 121 0.26 443 454 | 1.06 18.2 | 301.2 7 268 +110| -11 20.85 2.4 |0.0537 23| 2091 24 | 0.0516 4.7 | 0.34 5.3 | 0.455
KAL 13.1 0.29 388 478 1.27 169 | 3179 7.6 | 254 120 | -20 19.72 2.4 |0.0536 25| 19.78 2.4 | 0.0513 5.2 | 0.358 5.7 | 0.428
KAL 141 0.24 377 388 1.06 152 | 2944 469 | 313 96 6 21.34 24 |100546 21| 214 24| 0.0526 42 | 0.339 4.9 | 0.495

KAL 15.1 0.57 172 98 | 0.59 6.95 | 2946 +83 | 265 +220| -10 21.26 2.8 |0.0561 3.4 2138 29| 0.0515 9.6 | 0332 10 0.288
KAL 16.1 | 0.05 | 1104 | 2232 | 2.09 442 | 2934 6.7 | 316 %32 8 2147 23 |0.0531 12| 2148 23005271 1.4 | 03384 2.7 |0.854
KAL 17.1 | 0.37 181 45 | 0.26 711 | 287.8 7 293 110 2 21.82 25 |0.0551 3 219 2.5 0.0522 49 | 0.328 55 | 0.454
KAL 18.1 | 0.35 441 478 | 1.12 17.7 | 293 +7 277 +130 -6 2143 2.4 /00546 19| 215 24| 0.0518 5.7 | 0.332 6.2 | 0.393
KAL 19.1 0.3 519 606 | 1.21 215 | 3024 7.1 | 247 +97| -18 20.76 2.4 |0.05351 1.8 | 20.82 2.4 | 0.0511 4.2 0.339 4.8 | 0.497
KAL 20.1 | 0.08 421 458 | 1.12 16.5 | 286.7 +6.7 | 319 +53 11 2197 24 |0.0534 2 21.99 2.4 0.0528 2.3 0.331 3.3 | 0.718

Errors are 1 o; Pb, and Pb* — the common and radiogenic portions, respectively; error in standard calibration was 0.74% (not included in above errors but required when comparing data from dif-
ferent mounts); (1) — common Pb corrected using measured 2**Pb
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Fig. 9. Concordia diagram showing results of SHRIMP 11 zircon analyses
from tonalite B1 188.2

presence of inheritance: zoned core 14.1 with a concordant age
of 980 +33 Ma, and positively discordant cloudy cores 13.1 of
545 +63 Ma, and 13.2 of 429 +26 Ma (*’Pb/***Pb minimum
ages). These points, together with the main zircon population
give intercepts at 947 +66 Ma and 309 +9 Ma.

The main age group of zircons are scattered between
ca. 295 and 314 Ma, with an average Concordia age of 306
+3 Ma (Fig. 11). An apparently younger point 8.2 is signifi-
cantly positively discordant and thus its 2’Pb/2®Pb date of ca.
348 Ma may be assumed as a minimum age.

In conclusion, the main population of the zircons in this
sample, displaying magmatic features (long- to normal pris-
matic habit, oscillatory zonation, high Th/U ratios), are dated at

306 +3 Ma. Rather scarce inheritance is ca. 1.0 Ga old and
seems to be partly reset by the younger magmatic event.

KALINKA TONALITE,
SAMPLE KAL

All zircon grains from this tonalite are also alike: long-pris-
matic, pencil-like, with steep or flat pyramids (Fig. 12). Many
crystals are broken. Also many display characteristic zoning in
CL images, with alternating bright and dark bands aligned with
the length of the crystals, with no clear bands parallel to the pyr-
amids. CL-dark vacuoles are common, and no distinct cores are
observable.
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Fig. 10. Cathodoluminescence images of zircons analysed from granodiorite B1 117.5

Symbols of analytical points correspond to those in Table 4; *°Pb/?*®U ages and one s errors are given

Among the 22 points analysed, no distinctly older inherited
grains were found, though three of the spots, with significant
positive discordance, may have %’Pb/**Pb ages approximating
their minimum ages: point 20.1 = ca. 319 Ma, point 4.1 =
ca. 343 Ma, and point 1.1 = ca. 350 Ma (Table 5).

The remaining 19 points are concordant or only slightly
discordant, with a few grains with rather significant negative
discordance D, up to —21. The mean Concordia age for all 22
points is 294 +3 Ma (Fig. 13). Taking into account the ob-
served homogeneity of the zircon population in this sample
and their magmatic features, this Concordia age can be inter-
preted as a good approximation of the true magmatic age of
the Kalinka tonalite.

DISCUSSION

SEQUENCE AND P-T CONDITIONS
OF THE THERMAL EVENTS

The tectono-metamorphic history of the eastern part of the
Strzelin Massif was studied by Wojnar (1995), Oberc-
Dziedzic and Szczepanski (1995), Oberc-Dziedzic (1999),
Szczepanski and Jozefiak (1999), Szczepanski (2001),
Oberc-Dziedzic and Madej (2002). A summary of their re-
sults is presented below.

The Strzelin and Nowolesie gneisses contain two groups of
zircons dated at ~600-568 Ma by U/Pb SHRIMP analyses
(Oberc-Dziedzic et al., 2003a; Klimas, 2008). The younger
group of zircon ages (568 Ma) is taken as a record of late Pro-
terozoic crystallization during partial melting associated with

metamorphism which affected the ca. 600 Ma protolith of the
Strzelin gneiss (Oberc-Dziedzic et al., 2003a). However, the
pre-Devonian deformation and metamorphism of the gneisses
and of the older schist series in the Strzelin Massif have not
been proved (Wojnar, 1995). The tectonic structures, their se-
quence and metamorphic conditions are common for the
Neoproterozoic gneisses, older schist series and Devonian
Jegtowa Beds and are considered as Variscan. Unlike the
Strzelin Massif, Neoproterozoic structures were identified in
paragneisses of the northern part of the Desna Dome in
Silesicum (Zelazniewicz et al., 2005). These structures are
older than a metapegmatite vein containing zircons dated at
~580 Ma (U-Pb SHRIMP method) which cross-cuts amphibo-
lite facies paragneisses (Zelazniewicz et al., 2005). The lack of
Neoproterozoic structures in the rocks of the Strzelin Massif
and the presence of such structures in the paragneisses of the
Desna Dome may mean that the Proterozoic rocks of these two
units belong to separate blocks of Brunovistulicum basement
characterized by different tectonic histories.

All three groups of rocks in the Strzelin Massif: the gneiss-
es, older schist series, and Jegtowa Beds, show evidence of four
metamorphic events (Oberc-Dziedzic, 1999). The effects of the
M;—Ms metamorphic episodes are different in the northern and
southern parts of the massif, implying that both parts have de-
rived from various metamorphic zones (Szczepanski, 2001;
Oberc-Dziedzic and Madej, 2002). In both parts, the M; meta-
morphic episode was coeval with the D; deformation and
nappe stacking during the collision of Moldanubicum with
Brunovistulicum. The M, episode took place during and after
D,, and involved a temperature increase under constant pres-
sure (Oberc-Dziedzic, 1999).
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Fig. 11. Concordia diagram showing results of SHRIMP 11 zircon analyses
from granodiorite B1 117.5

In the northern domain of the massif, metamorphic condi-
tions during metamorphic event M; were typical of greenschist
facies in the case of the Jegtowa Beds, and of amphibolite fa-
cies in the case of the Strzelin gneiss. The rocks of the older
schist series bear a record of continuous transition from
greenschist facies to amphibolite facies conditions (Oberc-
Dziedzic, 1999). The temperature during the M, metamorphic
event was probably similar to that of M;. The M3 metamorphic
episode, which was coeval with the D; and D, deformation
events, took place under lower amphibolite-greenschist facies
conditions and caused local retrogressive changes.

In the southern part of the Strzelin Massif, the nappe stack-
ing gave rise to crustal thickening and increase in temperature,
and caused the gneisses to achieve anatectic conditions, esti-
mated as 720-730°C and 6.5-5 kb (Oberc-Dziedzic, 1999).
The thin leucosome layers formed during the first stage of
migmatization were parallel to the S; foliation. They were
folded into the F, folds during the D, deformation. Subse-
quently, sillimanite nodules parallel to the axial plane cleavage
of the F, folds (sillimanite 1) were formed (Wojnar, 1995;
Oberc-Dziedzic and Madej, 2002). After D,, the second
anatexis stage took place. This M, metamorphic event pro-
ceeded with no deformation, giving rise to the formation of
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Fig. 12. Cathodoluminescence images of zircons analysed from tonalite KAL

Symbols of analytical points correspond to those in Table 5; 2°°Ph/?8U ages and one s errors are given

data-point error ellipses are 20
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Fig. 13. Concordia diagram showing results of SHRIMP 11
zircon analyses from tonalite KAL

pegmatites and leucocratic granites. The P-T conditions of M,
were estimated in the pegmatites at T = 600° and P = 3 kb
(Oberc-Dziedzic, 1999). The M3 metamorphic event was co-
eval with the D3 deformation and probably took place under
conditions similar to those of M, since the deformed
sillimanite nodules show no retrogression reactions. During
Mj, elongated quartz grains with sillimanite inclusions were

formed in the gneisses, and sillimanite 1l appeared in the
slightly deformed pegmatites (Oberc-Dziedzic, 1999).

The final metamorphic episode M, led to the crystallization
of postkinematic cordierite and the formation of flecky gneiss-
es. The crystallization of cordierite took place under P-T condi-
tions in which sillimanite and garnet were stable. The cordierite
was formed after the migmatization and before the emplace-
ment of the granites and tonalites (Oberc-Dziedzic, 1995).
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AGE OF METAMORPHIC
AND MAGMATIC EVENTS

The Strzelin orthogneiss, typical of the northern part of the
Strzelin Massif, was dated at 600 7 and 568 +7 Ma (SHRIMP
U/Pb zircon age; Oberc-Dziedzic et al., 2003a). Similar mean
zircon ages (602 £7 and 587 +4 Ma, Klimas, 2008; 576-560 Ma,
Mazur et al., 2010) were obtained for the Nowolesie gneiss from
the southern part of the massif. These Cadomian ages of the
gneisses of the Strzelin Massif are similar to the ages of base-
ment rocks of the Keprnik and Desna domes (Oberc-Dziedzic et
al., 2003a), exposed in Silesicum (Jesenik Mountains), which
represent the marginal, imbricated part of Brunovistulicum
(Schulmann and Gayer, 2000). Although isotopic data reflecting
the metamorphic events during the Variscan D, and D, compres-
sive deformation have yet not been reported from the study area,
it is likely that the metamorphism began after the collision of
Moldanubicum with Brunovistulicum, i.e. about 330-335 Ma
(Schulmann et al., 2009). In the Strzelin Massif, the metamor-
phic imprint connected with extensional D3 and D, deformation
events was weak and restricted to narrow mylonitic zones
(Oberc-Dziedzic, 1999). The age of the extensional deformation
in this area remains unknown. In the Keprnik and Desna domes,
the ““Ar/*Ar radiometric age of 300-310 Ma has been inter-
preted as linked with the extensional process during the
Westphalian (Maluski et al., 1995). The tectono-metamorphic
imprint in the Keprnik area around 305 Ma was strong enough to
completely reset the mineral assembalges (Maluski et al., 1995).

The U/Pb SHRIMP zircon ages of the granodiorite and two
tonalites from the Strzelin Massif presented here in this paper,
reveal three distinct stages of the Variscan magmatism:
tonalitic | — at 324 Ma, granodioritic — at 305 Ma, and tonalitic
Il —at 295 Ma.

The structural relationships between the country rocks and
the Boznowice tonalite (sample B1 188.2) suggest that the first
stage of magmatism, represented by the 324 Ma tonalite, took
place after the regional metamorphism and anatectic migma-
tization connected with thickening, during the collision of
Brunovistulicum with the Moldanubian Zone.

The second, granodioritic stage at 305 Ma took place when
the migmatization ceased and the extensional conditions (D3
deformation) began. This is supported by some common fea-
tures of the migmatized gneisses and granodiorite as well as the
fact that granodiorite bodies cross-cut the migmatized gneisses.
The U/Pb zircon age of the granodiorite (sample B1 117.5) isin
agreement with the biotite “’Ar/*Ar radiometric age of 304.4
+3.1 Ma, obtained for the extensional conditions in the Keprnik
Dome (Maluski et al., 1995). The position of the Boznowice
granodiorite in the thermal evolution of the Strzelin Massif is
similar to the position of pegmatites connected with the second
stage of the migmatization which occurred after the D, meta-
morphic event and is recorded in the Nowolesie gneiss
(Oberc-Dziedzic, 1999).

The third stage of the Variscan magmatism at ~295 Ma,
represented by the Kalinka tonalite, corresponds to the late
stage of thermal evolution of the Strzelin Massif. A similar
age was also established for the Gesiniec tonalite in the north-
ern part of the massif (Pietranik and Waight, 2005) and for bi-
otite granites (Turniak et al., 2006). The usually sharp and

discordant contacts of all the ~295 Ma tonalites and granites
with their country rocks and the presence of distinct chilled
zones of these intrusions (Oberc-Dziedzic, 1991) suggest that
the tonalite and biotite granite magmas intruded into relatively
cool rocks.

The K/Ar age of the Strzelin biotite granite, varying be-
tween 278-288 Ma and previously interpreted as the age of the
magma crystallization (Depciuch and Lis, 1972), probably cor-
responds to the cooling age of the granitoids. This age is similar
to the Ar-Ar results of 279-285 Ma obtained for white micas
from the Jegtowa Beds and interpreted as cooling ages related
to the exhumation of the Strzelin Massif and corresponding to
passing the isotherms of 330-430°C (Szczepanski, 2002).

ORIGIN AND CRYSTALLIZATION
OF GRANITOID MAGMAS

GRANODIORITE

The granodiorite studied is undoubtedly an igneous rock
showing such features as intrusive contacts, structures typical
of crystallization from melt, and chemical influence on its
neighborhood, as shown by large grains of plagioclase in the
surrounding migmatite. However, some other characteristics,
such as: rounded shape of mineral grains, linear arrangement of
K-feldspar, schlieren, all resemble features of highly evolved
migmatites:diatexites (Mehnert, 1968).

A magmatic origin of the granodiorite is supported by the
strong oscillatory zonation of zircon grains. The ages of a few
inherited zircon cores (980 £33 Ma and 545 +63 Ma), fairly
similar to the ages reported from gneisses of the area
(Oberc-Dziedzic et al., 2003a; Klimas, 2008), suggest that the
gneisses could have been the source material for the
granodiorite magma. The crustal origin of the granodiorite
magma is also suggested by the peraluminous character of the
rock, its Zr/Nb, Nb/Th and Ce/Pb ratios, characteristic of conti-
nental crust. However, the multi-element diagram of trace ele-
ment concentrations normalized to chondrite does not show
negative anomalies of Nb and Ta, usually considered as typical
of continental crust material (Taylor and McLennan, 1985).
Moreover, the Boznowice granodiorite is very rich in Ba and
Sr, that is typical of mantle related, mafic magma (Staby et al.,
2008, and references therein).

The contradictory features mentioned above indicate a pos-
sible mixed crustal-mantle origin of the granodiorite magma.
This seems to be supported by the value of the eNd =-7.7, con-
siderably higher than eNd =10 to —12 of the gneisses from the
Strzelin Massif (Oberc-Dziedzic et al., 2009b), suggesting a
more mafic source for the granodiorite. This does not necessar-
ily mean a real input of the mantle magma but rather of material
coming from mafic components of the lower crust (amphibo-
lites or gabbros), or mantle-derived fluids.

The “anatectic” features of the Boznowice granodiorite
suggest that the magma was emplaced and crystallized not far
from the place of its origin. The nearly identical size, compo-
sition and structure of large plagioclase crystals in the
granodiorite and in the adjacent migmatite indicate that the
large plagioclase in the migmatite crystallized from the
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granodiorite-magma derived fluids. The crystallization of the
large plagioclase in both the granodiorite and migmatite prob-
ably took place at the same time, i.e. after the magma em-
placement.

The crystallization of large plagioclase and K-feldspar
grains was two-phased but probably not coeval. During the first
phase, plagioclase cores containing ~40-46% An, and Ba-poor
euhedral grains of K-feldspar were formed. After that, the crys-
tallization of both feldspars was interrupted: the plagioclase
cores were subjected to corrosion, and thin zone of inclusions
composed of Orsg7-Abzy 6-Anyg7-Csy o feldspar (former melt?)
came into existence along the borders of the inner parts of
K-feldspar grains. During the second phase of crystallization,
the rims were formed around the feldspars cores. The charac-
teristic features of the rims are oscillatory changes:
35-26-30% An contents in the rims of rounded plagioclase
grains, and zonal enrichment in Ba of the subhedral rims of
K-feldspar crystals. The crystallization of matrix minerals: bio-
tite, small, rounded An,g plagioclase, quartz and interstitial,
anhedral K-feldspar started at the end of the second phase of
crystallization of large grains of K-feldspar and plagioclase.

TONALITES

The most important difference of the two tonalites studied
are their ages: ~324 Ma for the Boznowice tonalite and 295 Ma
for the Kalinka tonalite. In spite of such a large age difference,
their other features are generally similar. Both the tonalites
show small differences in major element contents. The
Boznowice tonalite contains about 2.5% more SiO, and about
0.6% more MgO but less TiO,, Al,O3, Fe,Oz and Na,O than the
Kalinka tonalite. These differences are mirrored in the biotite,
amphibole and plagioclase compositions. Interestingly, the
abundances of particular trace elements, apart from higher con-
tents of Ni, Cu and U in the Boznowice tonalite, as well as REE
contents, the Eu anomaly and eNd values are similar in both
tonalites. The eNd values of —4.0 to —4.3 are outside the range
of typical mantle compositions and indicate a likely crustal
source of the magma, with possible mantle-derived admixture.

The Boznowice and Kalinka tonalites show some differ-
ences in grain-size and texture: the Boznowice tonalite is me-
dium-grained, the Kalinka tonalite is fine-grained. A important
feature of the Boznowice tonalite is plagioclase clusters sur-
rounded by a common rim. The larger grains of plagioclase
from the Boznowice tonalite display a dismembered, embayed
core, containing up to 76% An, surrounded by euhedral inner
part composed of 38-42% An plagioclase, and by irregular,
zoned rims (outer part) in which the An content decreases from
64 to 32%. Similar dismembered plagioclase cores from the
Gesiniec tonalite in the northern part of the Strzelin Massif
(Fig. 2), were interpreted by Pietranik and Waight (2008) as an
effect of the resorption due to decompression during the em-
placement of phenocryst-bearing magmas in the upper crust.

The simple structure of plagioclases such as in the Kalinka
tonalite could be attributed to open-system processes in the
lower crust (Pietranik and Waight, 2008).

As mentioned above, the magma of the Boznowice tonalite
crystallized soon after the beginning of the Variscan thermal
events. It means that the ~324 Ma tonalite remained at rela-
tively high temperatures for about 30 Ma.

CONCLUSION

The western margin of Brunovistulicum is characterized by
an increase of thermal and magmatic activities during the
Variscan orogeny from the southern, Moravian part, devoid of
Variscan plutons, through the middle, Silesian part, with its
Zulova Pluton, to the northern part, in the Strzelin Massif,
where the basement rocks achieved anatectic conditions and
Variscan granitoids form a range of small intrusions of various
ages and compositions.

The U/Pb SHRIMP ages revealed three distinct stages of
Carboniferous—early Permian magmatism in the southern part
of the Strzelin Massif: tonalitic — at 324 Ma, granodioritic — at
305 Ma, and tonalitic/granitic — at 295 Ma; the biotite- and bio-
tite-muscovite granites, most widespread in the entire Strzelin
Masiif, have not been considered in detail in this paper. The
first, discrete stage of magmatism took place after the regional
metamorphism and anatectic migmatization connected with
crustal thickening during the collision of Brunovistulicum with
the Moldanubian Zone. The second stage of magmatism was
coeval with the second stage of migmatization, which produced
abundant pegmatites. This was related to decompression at the
beginning of tectonic denudation. The third, most intense stage
of magmatism was connected with the late thermal stage in the
Strzelin Massif.

The Boznowice granodiorite magma was emplaced and
crystallized not far from the place of its origin. The source of
that magma could have been the Neoproterozoic material of the
lower crust.

The tonalites of ~324 Ma and 295 Ma are generally
geochemically similar, in spite of their large age difference.
The values of eNd of —4.0 to —4.3 are outside the range of typi-
cal mantle compositions and indicate a likely crustal source of
magma, with possible mantle-derived admixture.
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APPENDIX

SHRIMP analytical procedure. In situ U-Pb analyses were
performed on a SHRIMP 11 at the Centre of Isotopic Research
(CIR) at VSEGEI (St. Petersburg), applying a secondary elec-
tron multiplier in peak-jumping mode following the procedure
described in Williams (1998) and Larionov et al. (2004). A pri-
mary beam of molecular oxygen was employed to ablate zircon
in order to sputter secondary ions. The elliptical analytical
spots had a size of ca. 27 x 20 um, and the corresponding ion
current was ca. 4 nA. The sputtered secondary ions were ex-
tracted at 10 kV. The 80 um wide slit of the secondary ion
source, in combination with a 100 wm multiplier slit, allowed
mass-resolution of M/AM >5000 (1% valley) so that all the
possible isobaric interferences were resolved. One-minute
rastering over a rectangular area of ca. 60 x 50 um was em-
ployed before each analysis in order to remove the gold coating
and possible surface common Pb contamination.

The following ion species were measured in sequence:
1%(zr,0)-**Pb-background (ca. 204 AMU) -**Pb-2"pb-
208ph-238Y-2¥ThO-*U0 with integration time ranging from 2
to 20 seconds. Four cycles for each spot analysed were ac-
quired. Each fifth measurement was carried out on the zircon
Pb/U standard TEMORAL (Black et al., 2003) with an ac-
cepted 2®Pb/*8U age of 416.75 +0.24 Ma. The 91 500 zircon
with a U concentration of 81.2 ppm and a 2®Pb/*®U age of
1062.4 £0.4 Ma (Wiedenbeck et al., 1995) was applied as a
“U-concentration” standard. The collected results were then
processed with the SQUID v1.12 (Ludwig, 2005a) and
ISOPLOT/Ex 3.22 (Ludwig, 2005b) software, using the decay
constants of Steiger and Jager (1977). The common lead cor-
rection was done using measured 2**Pb according to the model
of Stacey and Kramers (1975).



