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Late stage Variscan magmatism in the Strzelin Massif (SW Poland):
SHRIMP zircon ages of tonalite and Bt-Ms granite of the Gg¢siniec intrusion
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The Ggsiniec composite intrusion in the northern part of the Strzelin Massif (Fore-Sudetic Block, SW Poland) was formed in the course
of three late Variscan magmatic episodes: tonalitic I, granodioritic, and tonalitic II/granitic. The age of the Ggsiniec tonalite, 295 +3 Ma,
is the same as that of another tonalite body in the southern part of the Strzelin Massif, the Kalinka tonalite. The younger biotite-muscovite
(Bt-Ms) granite, in a dyke cutting the Ggsiniec tonalite, has an indistinguishable isotopic age of 295 +£5 Ma; it contains, however, inher-
ited zircons with ages between ca. 1.5 Ga to 374 Ma, similar to zircon ages from surrounding gneisses. This suggests that the magmatic
protolith of gneisses and the magma of the Bt-Ms granite could have come from similar sources, or that the magma of the Bt-Ms granite
was contaminated by the gneisses. Both the tonalite and Bt-Ma granite represent a late stage of the granitoid magmatism in the eastern
part of the Variscan orogen.
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INTRODUCTION

The Variscan orogenic belt in Central Europe abounds in
granitoids that were formed in several magmatic events, be-
tween 370 and 250 Ma (Finger et al., 1997) or 340 and 270 Ma
(Schaltegger, 1997). In the West and Central Sudetes, and in
the adjoining Fore-Sudetic Block (NE part of the Bohemian
Massif), the Variscan granitoid magmatism occurred between
330-305 Ma and 350-330 Ma, respectively (Mazur et al.,
2007). The youngest Variscan granitoids, 324-295 Ma in age
(Oberc-Dziedzic et al., 2010) are found in the Strzelin Massif
in the eastern part of the Fore-Sudetic Block which, together
with the East Sudetes, are correlated with Brunovistulicum
(sensu Dudek, 1980; Finger ef al., 1989).

The Variscan granitoids of the Strzelin Massif are different,
in several aspects, from other Sudetic granitoids. They do not
form large magmatic bodies, but numerous, small intrusions,
composed of rocks petrographically variegated from quartz
diorite to peraluminous granite. In many cases, petrographi-
cally similar rocks have different geochemical characteristics
and ages. U-Pb SHRIMP ages reveal three distinct stages of the
Carboniferous—early Permian granitoid magmatism: tonalitic I

— ca. 324 Ma, granodioritic — ca. 305 Ma, and tonalitic II/gra-
nitic — ca. 295 Ma (Oberc-Dziedzic et al., 2010). In an earlier
contribution (Oberc-Dziedzic et al., 2010), we provided evi-
dence for two tonalitic stages: I —324 Ma and II—-295 Ma in the
southern part of the Strzelin Massif, and we showed
petrographic and geochemical differences between tonalites of
both stages. Here, in this paper, we present new SHRIMP zir-
con data from tonalite and biotite-muscovite (Bt-Ms) granite
from the Ggsiniec composite intrusion (northern part of the
Strzelin Massif) and briefly discuss these within the context of
the Variscan granitoid plutonism in the Fore-Sudetic Block, at
the NE edge of the Bohemian Massif.

GEOLOGICAL SETTING

The Strzelin Massif (sensu Oberc-Dziedzic et al., 2010) is
situated in the eastern part of the Fore-Sudetic Block, 35 km
south of Wroctaw (Fig. 1). Two structural units, separated by
the Strzelin Thrust, are distinguished in this area: the lower unit
(the footwall of the thrust) is composed of the rocks of the
Strzelin Complex, and the upper unit (the hanging wall of the
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Fig. 1. Geological map of the Strzelin Massif
(compiled by Oberc-Dziedzic and Madej, 2002, based on Wéjcik, 1968; Wronski, 1973; Badura, 1979; Oberc et al., 1988)

The Strzelin Thrust (ST in the northern part of the map) separates the Stachow and Strzelin complexes; inset map: Bohemian Massif
and Moravo-Silesian Zone (grey-shaded); open rectangle shows the position of the Strzelin Massif;

Gesiniec quarry location: N 50°45°21”°, E 17°2°55”’

thrust), comprises the rocks of the Stachéw Complex
(Oberc-Dziedzic and Madej, 2002). The Strzelin Thrust is in-
terpreted as the northern extension of the boundary between the
East and West Sudetes (presently, the eastern part of the West
Sudetes is defined as the Central Sudetes; Mazur et al., 2006),
i.e. part of the tectonic boundary between the Brunovistulian

and Moldanubian terranes in the NE part of the Bohemian Mas-
sif (Oberc-Dziedzic et al., 2005).

The Strzelin Complex is composed of Neoproterozoic
gneisses: the Strzelin orthogneiss, typical of the northern part of
the Strzelin Massif, with zircon ages of 600 £7 and 568 £7 Ma
(the first interpreted as the magmatic age of the gneiss
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protholith, the second as the age of possible, later partial melt-
ing; Oberc-Dziedzic et al., 2003a), and the sillimanite
Nowolesie gneiss, occurring in the southern part of the massif,
with zircon ages of 602 +7 and 587 +4 Ma (Klimas, 2008) or
576 £18 Ma (Mazur et al., 2010). The Strzelin Complex com-
prises also, apart from the gneisses, the older schist series of
Neoproterozoic or early Paleozoic(?) age, composed of amphi-
bolites, mica schists, calc-silicate rocks and marbles, and the
younger schist series (the Jeglowa Beds; Oberc, 1966) of
quartzites, quartz-sericite schists and metaconglomerates. The
Jeglowa Beds have been correlated with biostratigraphically
documented Lower Devonian metaquartzites of the Jeseniki
Mountains of the East Sudetes (Bederke, 1931; Oberc, 1966;
Chlupac, 1975).

The Stachow Complex contains orthogneisses which
yielded Early Ordovician (~500 Ma) zircon ages (Oliver et al.,
1993; Kroner and Mazur, 2003; Oberc-Dziedzic et al., 2003b;
Klimas, 2008; Mazur et al., 2010) and dark-coloured,
fine-grained gneiss. The intercalations of the dark gneiss with
mica schists and amphibolites are interpreted as a
Neoproterozoic or lower Paleozoic metasedimentary succes-
sion, representing the metamorphic envelope of the ~500 Ma
old granitoid protolith of the orthogneisses (Oberc-Dziedzic
and Madej, 2002).

The Strzelin and Stachow complexes underwent polyphase
deformation and metamorphism that culminated during the
Variscan orogeny (Oberc-Dziedzic et al., 2005, 2010).

The Strzelin Massif was intruded by four groups of
Variscan granitoids:

— granodiorites (~305 Ma, U-Pb zircon SHRIMP method,

Oberc-Dziedzic et al., 2010);

— tonalites and quartz diorites (I ~324 Ma and 11 ~295 Ma,
U-Pb zircon SHRIMP method; Oberc-Dziedzic et al.,
2010);

— medium- and fine-grained biotite granites;

— two-mica granites.

The ages of the latter two groups of rocks were estimated
using various methods. The earlier Rb-Sr whole-rock studies
(Oberc-Dziedzic et al., 1996; Oberc-Dziedzic and Pin, 2000)
yielded relatively old dates of 347 +12 Ma for the biotite gran-
ites, and 330 =6 Ma for the two-mica granites. These dates
have recently been questioned as too old, in the light of Pb
evaporation zircon data for the biotite granite (301 +7 Ma;
Turniak et al., 2006), and new SHRIMP zircon ages, com-
bined with geological evidence, indicating that the two-mica

granites are younger than the ~295 Ma tonalites
(Oberc-Dziedzic et al., 2010).
THE GESINIEC COMPOSITE

INTRUSION

The Ggsiniec composite intrusion comprises the largest and
best exposed tonalite body in the Strzelin Massif. Based on
borehole data, this intrusion was interpreted as a stock with a
flat apophysis (Fig. 2), and this interpretation has been con-
firmed in the course of the exploitation in the quarry. The
tonalite body is cut by thin dykes of the fine-grained
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Fig. 2. Geological cross-section through the Gesiniec intrusion,
modified from Borek (1987)

granodiorite and by dykes of leucocratic, fine-grained Bt-Ms
granite (Fig. 3), tens of centimetres to 15 metres thick. The en-
velope of the Ggsiniec intrusion is composed of the Strzelin
Complex orthogneiss and amphibolite, the latter transformed
into pyroxene hornfelses at the contact with the tonalite
(Puziewicz and Oberc-Dziedzic, 1995; Oberc-Dziedzic, 2007).

The petrography of the Gesiniec tonalites, diorites and
granodiorites, sources of their magmas, processes of magma
mixing, mingling, and fractional crystallisation recorded in
plagioclases were studied by Pietranik et al. (2006), Pietranik
and Waight (2008) and Pietranik and Koepke (2009). Pietranik
and Waight (2008) defined several types of tonalites and
diorites, based on field and analytical data. Here, in this paper,
we describe only the main facies of the Ggsiniec intrusion
(Puziewicz and Oberc-Dziedzic, 1995; Oberc-Dziedzic, 2007).
Our petrographic subdivision is simplified compared with that
proposed by Pietranik and Waight (2008).

The marginal facies of the intrusion is formed of dark grey,
very fine-grained quartz diorite (Table 1). This rock displays
parallel alignment of plagioclase grains and the presence of bi-
otite plates, up to 3 mm in size, surrounded by white
quartz-plagioclase rims in places. The quartz diorite is
brecciated and corroded by the tonalites.

The inner part of the intrusion consists of several facies of
the tonalites. Some of these have been completely exploited.
The tonalite facies differ in texture and proportion of the main
components (Table | and Fig. 4). The shapes of apatite, titanite
and plagioclase grains are highly variable. Plagioclase grains
usually show corroded cores and a very complicated zoning
which allow deciphering of processes in the tonalite magma be-
fore and after the emplacement (Pietranik and Waight, 2008).
Dark minerals have random or parallel arrangement and they
form clusters in places. The most common variety, forming the
inner part of the intrusion, is pale grey, medium-grained
tonalite, with uniformly distributed dark minerals. Locally, it
shows an indistinct parallel texture. The medium-grained
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Fig. 3. Dykes of Bt-Ms granite in tonalite, Gesiniec quarry (2006)

A — bent dyke, southern wall of the quarry; B — disrupted dyke, northern wall of the quarry

tonalite grades into dark, medium-grained tonalite, with irreg-
ularly distributed dark minerals concentrated into clusters or
spots, up to 5 mm in size. The dark minerals are, locally, ar-
ranged into layers and schlieren. Another variety of the dark
tonalite contains single plates of biotite, up to 5 mm large.
The pale grey, medium-grained and dark varieties of the
tonalite can gradually change into pale tonalite. In the transition
zones, the dark tonalites display a schlieren structure. The pale
tonalite contains up to 1% microcline. Biotite is the only dark

mineral. This type of tonalite also forms small dykes in the
darker varieties.

Pietranik and Waight (2008) showed that different
diorite-tonalite types are not related to each other by assimila-
tion — fractional crystallisation processes but they probably
evolved as separate magma batches.

The second magmatic injection in the Ggsiniec intrusion is
represented by grey, fine-grained granodiorite (Puziewicz and
Oberc-Dziedzic, 1995). This rock forms irregular streaks or
dykes within the tonalites. Biotite and plagioclase composing

Table 1

Mineral composition of the Gesiniec tonalites and Bt-Ms granite

Dark,t(t;lrrll:l—i%;ained Pale grey,t(r)lrllz(%ii:lem—grained Dark, medium-grained tonalite tOlI)l gll?te Bt-Ms
Minerals T1 T2 T3 T4 | 8ranite
GTl1 GT2 GT3 GTo6 GT9 | GT10 | GT13 | GTS5 GT7 | GT11 | GTI12 GT8 210
Quartz 14.3 12.2 9.4 16.9 23.8 16.9 18.6 18.7 20.2 12.8 20.8 34.4 34.8
Plagioclase 48.5 52.0 47.3 58.2 51.0 46.8 51.5 47.8 40.1 50.2 323 50.4 36.9
Microcline - - - - - - - - — — — 0.9 26.3
Hornblende 15.0 15.8 20 12.9 13.1 12.2 13.4 8.9 14.1 24.1 4.7 - -
Biotite 18.4 16.1 22.4 11.1 10.8 18.4 15.1 19.9 21.2 8.5 41.5 13.3 1.2
Titanite 0.3 0.3 - - - 0.9 - - 29 - - - -
Apatite 1.1 1.2 - 0.4 0.7 2.5 0.8 0.1 - 0.7 0.2 0.2 -
Opaque 0.6 0.6 0.6 0.1 0.1 0.8 0.1 1.3 0.9 0.6 0.4 - —
Chlorite 1.8 1.8 0.3 0.4 0.5 1.5 0.5 3.3 0.6 2.6 0.1 0.8 —
Calcite — — — — — - — — — 0.5 - — —
Muscovite - - - - — - - - - 0.6 - - 0.8

—not found or below 0.1%
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SHRIMP ZIRCON STUDY

METHODS

The samples selected for the SHRIMP zircon
study, tonalite GT9 and two-mica granite 210, each
ca. 3-5 kg in weight, were crushed and the heavy
mineral fraction (0.06—0.25 mm) separated using a
standard procedure with heavy liquids and mag-
netic separation. Zircons were handpicked under a
microscope, mounted in epoxy and polished.
Transmitted and reflected light photomicrographs
were made, along with CL images, in order to select
grains and choose sites for analysis. U-Pb analyses
were performed on the Sensitive High Resolution
Ion Microprobe (SHRIMP II) at the All Russian
Geological Research Institute (VSEGEI) in St. Pe-
tersburg, applying a secondary electron multiplier
in peak-jumping mode, following the procedure de-
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scribed by Williams (1998) and Larionov et al.

Fig. 4. Gesiniec tonalites and Bt-Ms granite on a QAP diagram

GT9 and 210 — samples analysed by the SHRIMP method

the granodiorite are arranged parallel to the borders of the
dykes. A detailed study of the granodiorite magma evolution
was given by Pietranik et al. (2006).

The granodiorite is very rich in small, dark enclaves of mica
schist, up to 3 cm in size. Gneissic enclaves are also very com-
mon. They are, occasionally, surrounded by thin
quartz-feldspathic or biotite rims. Some enclaves are divided
into parts of different orientation, suggesting their rotation in
the magma.

The contacts of the granodiorite with the surrounding me-
dium-grained tonalite are usually sharp. However, the
granodiorite can also penetrate the tonalite. In that case, the
contacts of the two rocks become irregular and small enclaves
of tonalite appear in the granodiorite.

The third, youngest magmatic injection is represented by
pale, fine-grained Bt-Ms granite. This granite forms a dyke
about 15 m in thickness and several thinner dykes, 0.1-2 m
thick (Fig. 3). The granite is composed of quartz, plagioclase,
microcline, rare biotite and muscovite (Table 1 and Fig. 4), and
contains also small pinite pseudomorphs after cordierite.

Seemingly, there is a close spatial relationship between the
granodiorite and the Bt-Ms granite. The magmas of both rocks
probably used the same channels during emplacement.

The Gesiniec tonalites often display a parallel arrangement
of dark minerals which define lineation and foliation. The mag-
matic foliation was followed by late-magmatic shear zones. In
contrast to the tonalites, the Bt-Ms granite does not display any
foliation or lineation (Oberc-Dziedzic, 1999).

(2004). A primary beam of molecular oxygen was
employed to bombard zircon in order to sputter sec-
ondary 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 extracted at 10 kV. The 80 mm wide slit of the
secondary ion source, in combination with a
100 um 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 employed before each analysis in order to
remove the gold coating and possible surface common Pb con-
tamination.

The following ion species were measured in sequence:
196(Z1,0)-***Pb-background (ca. 204 AMU)->"Pb->""Pb->"*Pb-
BU-*Tho->*UO with integration time ranging from 2 to 20
seconds. Four cycles for each spot analysed were acquired.
Each fifth measurement was carried out on the zircon Pb/U
standard TEMORA (Black et al., 2003) with an accepted
206pb/ ¥ age of 416.75 +£0.24 Ma. The 91500 zircon, witha U
concentration of 81.2 ppm and a **Pb/*®*U age of 1062.4
+0.4 Ma (Wiedenbeck et al., 1995), was applied as a “U-con-
centration” standard. The results collected 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 correction was done using
measured ***Pb according to the model of Stacey and Kramers
(1975). The results of the zircon analyses are shown in Tables 2
and 3, and Figures 5-8.

SAMPLE GT9 (TONALITE)

Sample GT9 represents the pale grey, medium-grained
tonalite, the most homogeneous facies of the Ggsiniec tonalite



Table 2
SHRIMP data for zircons from the Gasiniec tonalite (Gasiniec quarry, sample GT9)
Soot Wpp. | U Th | sgy 28 206py zoﬁp(bl/)zggU szt(,}z)%Pb Discordant Total + Total + 207(”* + 1) + 1) + | e
P [%] | [ppm] | [ppm] [ppm] Age Age [%] 23y26py | o] | 2PHAYP | (o5 206‘;‘;)*/ 6] | PO U | qoag | 2525y | o] | cor.

GT9.1.1 | 0.59 348 | 231 0.69 14.6 | 304.8 +69 | 394 =£180 29 20.53 2.3 0.0593 4.0 | 0.0545 8.1 0.364 8.4 0.048 2.3 | 0.275
GT9 2.1 1.46 238 | 126 0.55 9.8 |1 298.0 83 | 114 +590 —62 20.82 2.4 0.0599 49 | 0.0480 | 25.0 0.315 25.0 0.047 29 |0.114
GT9 3.1 1.04 408 | 208 0.53 16.3 | 290.0 +6.8 | 209 £220 —28 21.51 2.3 0.0586 3.6 | 0.0503 9.4 0.319 9.7 0.046 2.4 |0.248
GT9 4.1 1.61 211 97 0.48 8.5 | 289.4 7.5 | 425 £340 47 21.41 2.4 0.0684 4.6 | 0.0553 | 15.0 0.350 15.0 0.045 2.6 | 0.173
GT9 5.1 0.70 771 | 715 0.96 33.0 | 311.7 6.1 78  £210 —75 20.04 1.9 0.0531 2.5 | 0.0476 8.8 0.325 9.0 0.049 2.0 | 0.222
GT9 6.1 0.27 815 | 489 0.62 32.5 | 2919 +£53 | 241 462 -17 21.53 1.9 0.0532 1.8 | 0.0510 2.7 0.326 33 0.046 1.9 | 0.570
GT9 7.1 0.38 459 40 0.09 18.0 | 286.1 +5.4 | 247  +99 —-14 21.95 1.9 0.0542 24 | 0.0511 4.3 0.320 4.7 0.045 1.9 | 0.413
GT9 8.1 0.30 291 147 0.52 11.5 | 288.1 5.7 | 259 <130 -10 21.81 2.0 0.0538 3.0 | 0.0514 5.7 0.324 6.0 0.045 2.0 | 0.337
GT99.1 0.47 652 88 0.14 24.6 | 276.0 +£5.1 | 226 493 —-18 22.75 1.9 0.0544 2.0 | 0.0507 4.0 0.306 4.4 0.043 1.9 | 0.428
GT9 10.1 | 0.04 237 | 243 1.06 9.4 12902 +59 | 301 +79 4 21.71 2.1 0.0526 3.4 | 0.0524 3.5 0.332 4.0 0.046 2.1 |0.511
GT9 11.1 | 0.24 355 166 0.48 142 | 2915 +£5.6 | 186 +110 -36 21.57 2.0 0.0517 2.8 | 0.0498 4.8 0.318 5.2 0.046 2.0 | 0.384
GT9 11.2 | 0.12 | 2731 | 206 0.08 109.0 | 292.2  +5.1 | 273  +37 —7 21.54 1.8 0.0527 1.1 | 0.0517 1.6 0.331 2.4 0.046 1.8 | 0.740
GT9 12.1 | 0.37 | 1355 | 114 0.09 504 | 2722 +£5.0 | 258 £77 -5 23.09 1.9 0.0544 1.4 | 0.0514 3.4 0.306 3.9 0.043 1.9 | 0.487
GT9 12.2 | 0.99 221 104 0.48 9.04 | 296.5 +6.1 | 256 150 —-14 21.03 2.1 0.0593 3.2 | 0.0513 6.7 0.333 7.0 0.047 2.1 | 0.298
GT9 13.1 | 0.13 683 | 606 0.92 282 | 3019 +£59 | 417 +£71 38 20.83 2.0 0.0562 2.9 | 0.0551 3.2 0.364 3.8 0.048 2.0 | 0.532
GT9 14.1 | 0.31 909 54 0.06 37.2 | 2989 +£54 | 292 473 -2 21.01 1.8 0.0547 1.6 | 0.0522 3.2 0.341 3.7 0.047 1.9 | 0.499
GT9 15.1 | 1.08 185 | 196 1.09 7.8 | 3052 +6.5 | 148 4260 51 20.40 2.1 0.0576 3.4 | 0.0490 | 11.0 0.328 11.0 0.048 2.2 1 0.195
GT9 16.1 | 0.61 437 | 504 1.19 18.2 | 303.7 +6.0 | 160 =+140 47 20.60 2.0 0.0541 2.9 | 0.0493 5.9 0.328 6.2 0.048 2.0 | 0.323
GT9 17.1 | 0.84 509 | 474 0.96 19.9 | 2847 +5.7 | 106 +£200 —63 21.96 2.0 0.0548 2.8 | 0.0481 8.7 0.300 8.9 0.045 2.0 | 0.229
GT9 18.1 | 1.13 522 | 531 1.05 21.0 | 291.6 £6.3 | -113 +290 —139 21.36 2.1 0.0529 3.2 | 0.0440 | 12.0 0.281 12.0 0.046 2.2 | 0.185

Errors are 1 o; Pb, and Pb” indicate the common and radiogenic portions, respectively; error in standard calibration was 0.78%; (1) — common Pb corrected using measured ***Pb
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SHRIMP data for zircons from the Bt-Ms granite (Gesiniec quarry, sample 210)

Table 3

206pp, U Th 22T | 200« 206 (1238 207 (12)06 Discor- E;ta] + }:ﬁtal + 1) + (1) + 1) + err.
SPOU | 1% | [ppm] | [ppm] | /U | [ppm] N FPOPPb 1 [%] U o e [%] | 27pb"2%pb" | (%] | *POEU | (o] | 2Pb" U | (%] | corr

Age Age ° /2%py, 0 /~"Pb 0 ° 0 ° :
2001.1 | 020 | 830 | 424 | 053 | 350 | 3087 62| 304 95 ] 2034 | 2.0 | 0.0540 | 2.8 | 00524 | 42 | 0355 | 47 | 0049 | 2.0 | 0.439
20012 | 034 | 944 | 52| 006 | 486 373.9 +6.7| 503 %55 35 1669 | 1.8 | 00601 | 1.5 | 00573 | 2.5 | 0472 | 3.1 | 0059 | 1.8 | 0592
2102.1 | 136 | 1539 | 1198 | 0.80 | 116.0 | 5340 +10.0| 637 %110 19 1141 | 20 | 00721 | 1.5 | 00610 | 49 | 0726 | 53 | 0086 | 2.0 | 0.385
21022 | 7.39 | 2920 | 2984 | 1.06 | 1220 | 282.1 %56 | 446 =230 58 2064 | 1.9 | 0.1157 | 1.8 | 00559 |10.0 | 0344 |11.0 | 0044 | 2.0 | 0.190
2103.1 | 030 | 1397 | 518 | 038 | 53.8 | 2817 54| 262 %97 7 2232 | 20 | 00539 | 20 | 00515 | 42 | 0317 | 46 | 0044 | 2.0 | 0.424
21041 | 030 | 2573 | 433 | 0.17 | 108.0 | 3064 55| 370  +63 21 2048 | 1.8 | 0.0564 | 13 | 00540 | 28 | 0362 | 3.3 | 0048 | 1.8 | 0.549
21051 | 0.00 | 1138 | 35| 003 | 967 | 6080 =11.0| 575 33 5 1011 | 1.9 | 00592 | 1.5 | 00592 | 1.5 | 0808 | 24 | 0098 | 1.9 | 0.780
21061 | 0.07 | 471 | 133 | 029 | 67.1] 990.0 +17.0| 1252  +24 27 602 | 1.9 | 00829 | 1.1 | 00823 | 12| 1883 | 22 | 0165 | 1.9 | 0.840
21062 | 0.08 | 428 | 237 | 057 | 101.0 | 1565.0 +26.0 | 1478 %19 6 364 | 19 | 00932 | 09 | 00925 [100 | 3504 | 21 | 0274 | 1.9 | 0881
2107.1 | 0.06 | 2114 | 638 | 031 | 86.0| 297.9 53| 322 35 8 2013 | 1.8 | 00533 | 1.2 | 00528 | 1.5 | 0345 | 24 | 0047 | 1.8 | 0.770
21063 | 0.12 | 1585 | 68 | 0.04 | 1040 | 4743 87| 614 38 29 13.08 | 1.9 | 00613 | 13 | 00603 | 1.8 | 0635 | 26 | 0076 | 1.9 | 0.730
20081 | 035 | 706 | 73| 0.1 | 289 | 2987 57| 266 487 11 2001 | 1.9 | 0.0544 | 24 | 00516 | 38 | 0337 | 43 | 0047 | 1.9 | 0.458
2109.1 | 0.60 | 407 | 24| 006 | 286 5037 95| 449 100 11 1223 | 1.9 | 00608 | 22 | 00559 | 46 | 0627 | 50 | 0081 | 2.0 | 0.393
210101 | 0.77 | 614 | 121 | 020 | 238 | 2822 53| 267 +120 6 2217 | 19 | 00578 | 21 | 00516 | 52 | 0318 | 55 | 0044 | 1.9 | 0.349
200111 | — | 623 | 182 | 030 | 255 3003 57| 355 461 18 2098 | 2.0 | 00533 | 27 | 00536 | 27 | 0352 | 33 | 0047 | 2.0 | 0.588
210121 | 6.78 | 543 | 213 | 041 | 166 2101 48| 473 +480 125 2806 | 1.9 | 0.1116 | 62 | 00570 |21.0 | 0258 |22.0 | 0033 | 23 | 0.107
20013.1 | 248 | 1182 | 179 | 0.16 | 669 | 401.1 72| 460 £110 15 1518 | 1.8 | 00763 | 1.6 | 00562 | 52 | 0497 | 55 | 0064 | 19 | 0337
210132 | 436 | 6565 | 2423 | 038 | 246.0 | 2632 49| 328 +190 24 2292 | 1.8 | 0.0881 | 0.59| 00530 | 85 | 0304 | 87 | 0041 | 1.9 | 0.217
21014.1| 0.44 | 969 | 65| 007 | 399 | 3006 55| 199 %82 34 2085 | 1.9 | 00536 | 1.9 | 00501 | 3.5 | 0330 | 40 | 0047 | 1.9 | 0.468
21015.1 | 031 | 1817 | 949 | 054 | 72.5| 2917 55| 212 +110 27 2053 | 1.9 | 00527 | 1.7 | 00504 | 49 | 0321 53 | 00463 | 19 | 0364

For explanations see Table 2
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Fig. 5. Cathodoluminescence images of zircons analysed from tonalite GT9

Symbols of analytical points correspond to those in Table 2; 2*Pb/?**U ages and one — o errors (rounded to integers) are given

(Table 1 and Fig. 4) showing a poorly visible parallel arrange-
ment of dark minerals. The rock corresponds to leucocratic,
medium-grained quartz diorite in Pietranik and Waight (2008)
classification. The GT9 tonalite is composed of euhedral,
zoned grains of plagioclase (Ang.5) surrounded by anhedral
grains of quartz showing a wavy extinction. Dark minerals are
represented by biotite and green hornblende occurring as indi-
vidual grains or aggregates. Apatite and zircon are common ac-
cessories.

The zircons of this sample (Fig. 5) are relatively large,
euhedral, mostly short- and subordinately normal-prismatic.
The majority of the crystals display a regular “euhedral” zonal
pattern: CL-dark central parts overgrown by a bright regularly
zoned mantle, and dark and usually thin outer rims. Longer
crystals have usually less distinct internal structure.

Twenty points in eighteen zircon grains in tonalite sample
GT9 were analysed by SHRIMP. Practically, all the points ana-
lysed belong to one homogeneous group, with only two analy-
ses yielding somewhat younger “*Pb/?*U ages: 9.1 (276
+5 Ma) and 12.1 (272 +5 Ma). The Concordia age for all the
points is 291.9 +3.5 Ma, and with the two youngest points ex-
cluded — 294.7 +2.8 Ma (Fig. 6). All the analyses confirm the
homogeneity of the zircon population: Pb, values are mostly
below 1% (maximum value 1.46%). U, Th and Pb concentra-
tions are also similar in most of the grains, with two exceptions
(11.2 and 12.1) which are much richer in U (Table 2). The
P2Th/?¥U ratios vary from low (0.06) to fairly high (1.19), with
rather even dispersion over the whole range; the lowest values
may correspond to late-magmatic crystallisation. Discordance
varies from —75 (one extreme value —139 in grain 18.1) to +47,
with several points of considerably lower values.

Summing up, the zircon population in the tonalite is homoge-
neous and represents a magmatic crystallisation stage at ca. 295
+3 Ma. The strong CL zonation is not reflected in age variation.

SAMPLE 210 (TWO-MICA GRANITE)

Sample 210 was taken from a Bt-Ms granite dyke,
15 metres thick, situated in the eastern part of the Gegsiniec
quarry. It represents a pale, fine-grained granite with rare, dis-
persed, rounded or square pinite pseudomorphs after cordierite.
The granite is composed of euhedral or subhedral grains of
plagioclase (Anp.) with scarce muscovite inclusions, and
anhedral grains of microcline and quartz. Brown biotite and
muscovite form sparsely distributed small plates. Accessory
zircon is not abundant.

The zircon grains in this sample have various morphologies
and other different features (Fig. 7). Most of them are euhedral,
normal-prismatic, with a distinct internal recurrent zonation,
well visible in CL images (grains 1.1, 3.1, 4.1, 5.1, 6.1, 9.1,
13.1 and 14.1). Usually CL-bright interiors have thin CL-dark
euhedral overgrowths. A few of the grains analysed have rather
distinct cores (e.g., 2.1 and 10.1) and oval inclusions (11.1).
Several crystals are CL-dark and less clearly structured (7.1,
8.1, 15.1), and a few are broken (7.1, 12.1).

Twenty points in 15 zircon crystals were analysed by
SHRIMP. Eight points yielded relatively old ages, between
373 Ma and 1.5 Ga, and were interpreted as inheritance. The
core of one grain (6.2) displays a Mesoproterozoic, slightly dis-
cordant (D =-6%) **’Pb/***Pb age of 1478 +19 Ma. Character-
istically, its mantle (6.1) is 990 +17 Ma old, and its rim (6.3)



Late stage Variscan magmatism in the Strzelin Massif (SW Poland)... 233

data-point error ellipses are 2c

0.053 GT9
0.051F
0.049
2
s
& 00477
0.045
without 9.1 and 12.1
0.043[ Concordia Age = 294.7 +2.8 Ma
(20 decay-const. errs included)
MSWD (of concordance) = 1.6
probability (of concordance) = 0.21
0041 1 1 1 1 1 1 1 1
0.05 0.15 0.25 0.35 0.45

207Pb/235U

Fig. 6. Concordia diagram showing results of SHRIMP zircon analyses from tonalite GT9

Fig. 7. Cathodoluminescence images of zircons analysed from Bt-Ms granite 210

Symbols of analytical points correspond to those in Table 3; ***Pb/?*U ages and one — G errors (rounded to integers) are given
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data-point error ellipses are 2c
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Fig. 8. Concordia diagram showing results of SHRIMP zircon analyses
from biotite-muscovite granite 210

474 +9 Ma old (the latter two ***Pb/***U ages). Having in mind
this strong age zonation, the ages obtained in this grain may
partly overlap due to the large analytical spot size. The Pb, con-
tents in these points are low (0.07-0.12%), whereas the
“2Th/***U ratio drops from 0.57 in the core to 0.04 in the rim.
Relatively old (compared with the main group 2) and generally
concordant ages were found in five other points: 5.1 (608
+11 Ma), 2.1 (534+10 Ma), 9.1 (503 £9 Ma), 13.1 (401 £7 Ma)
and 1.2 (374 +7 Ma). They all represent grain interiors. Two of
them have high Pb, values (2.1-1.36%, 13.1-2.48%), and most
of them have low ***Th/***U ratios (0.03-0.16; Table 3).

Ten analytical points (1.1, 2.2,3.1,4.1,7.1,8.1, 10.1, 11.1,
14.1 and 15.1) form the main age group of zircons, with a con-
cordant age of 295 +5 Ma (Fig. 8). These points represent both
internal parts (mantles) and outer rims of grains. Most of them
are CL-dark and have varied but predominantly moderate
22Th/?¥U ratios (0.07—1.06). However, three analytical points
seem to be distinctly younger, with **Pb/***U dates around
282 Ma, though based on a small number of points; it is diffi-
cult to decide whether these are geologically significant ages or
rather artefacts caused, e.g., by radiogenic Pb loss. One of these
points (2.2) displays high Pb, (7.39%), similarly to two other
points (12.1 =6.78, and 13.2 = 4.36%) that yielded unrealisti-
cally young dates of ca. 210 and 263 Ma, respectively. These

results suggest a possible disturbance of the U-Pb system after
the magmatic crystallisation of the granite.

Overall, the twenty points analysed in sample 210 have re-
vealed a wide diversity of ages, including a wide range of inheri-
tance and a fairly coherent magmatic population. The abundant
inherited zircons, varying in age from ca. 374 Mato ca. 1.5 Ga,
represent crustal components of various ages, from
Mesoproterozoic to mid-Paleozoic. The magmatic zircon growth
of the main population is fairly well-constrained at 295 £5 Ma.

DISCUSSION

The SHRIMP zircon study has shown that the Ggsiniec
intrusives, represented by the medium-grained tonalite (GT9)
and the Bt-Ms granite (210) in dykes cutting the tonalite, are of
the same age of 295 Ma. The same Rb-Sr age (294.8 0.6 Ma)
was obtained earlier by Pietranik and Waight (2008) from a
WR-biotite+plagioclase isochron for the leucocratic me-
dium-grained quartz diorite Gegsiniec tonalite.

The sharp contacts between the tonalite and the Bt-Ms
granite dykes indicate that the emplacement of the granite took
place when the tonalite was completely solidified. After the
emplacement, some the Bt-Ms granite dykes, associated with
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the granodiorite, were deformed — bent or torn (Fig. 3). Appar-
ently, the presence of the (still hot?) granodiorite near the veins
facilitated their bending and healing of the cracks. These field
relationships suggest that the emplacement of the tonalite,
granodiorite and Bt-Ms granite magmas took place over a short
time spam, shorter than the errors of the SHRIMP zircon ages.

Although the zircons from the tonalite and Bt-Ms granite
show the same age, they differ considerably in their physical
and chemical features. The zircon population in the tonalite is
homogeneous and the grains are relatively large and euhedral.
They show strong CL zonation which is not reflected in age
variation. In contrast, the zircon grains in the Bt-Ms granite are
much smaller than those in the tonalite, and have various
morphologies. Most of them are euhedral, with a distinct inter-
nal recurrent zonation. A number of grains have inherited cores
with ages from ca. 374 Ma to ca. 1.5 Ga. The age spectrum of
the inherited zircons is fairly similar to the ages reported from
orthogneisses of the Strzelin Massif (Oberc-Dziedzic et al.,
2003a; Klimas, 2008). They may represent a crustal compo-
nent of the Bt-Ms granite magma and indicate that similar
gneisses could have been the source material for this magma.
They also suggest that the magmatic protolith of the
orthogneisses and that the magma of the Bt-Ms granite could
have come from similar sources or that the magma of the Bt-Ms
granite was contaminated by the gneisses.

The 295 +3 Ma age of the Ggsiniec tonalite is the same as
the age obtained previously for the Kalinka tonalite from the
southern part of the Strzelin Massif (Oberc-Dziedzic et al.,
2010). Both the tonalites show a similar geochemical composi-
tion (Biatlek and Pietranik, 2006). However, the Kalinka
tonalite is more homogeneous than the Ggsiniec tonalite.
Moreover, the Kalinka tonalite is, like most of the tonalites
from the southern part of the Strzelin Massif, fine-grained,
whereas the Gesiniec tonalite is medium-grained. The fine

grain-size in the Kalinka tonalite indicates a faster rate of its
crystallisation, compared with the Gesiniec tonalite. This seems
to be supported by the zircon habits: the zircon crystals from the
Kalinka tonalite are long-prismatic, pencil-like (Oberc-
Dziedzic et al., 2010), typical of fast crystallisation, whereas
the zircons from the Ggsiniec tonalite are mostly short- and,
subordinately, normal-prismatic. In spite of the local differ-
ences, the tonalities from different parts of the Strzelin Massif
represent the same, ca. 295 Ma plutonic event recorded in the
eastern part of the Fore-Sudetic Block.

CONCLUSIONS

1. The Gesiniec composite intrusion was formed in the
course of three late Variscan magmatic episodes at ~295 Ma,
which occurred shortly one after another in the following se-
quence: tonalite, granodiorite and granite.

2. The Bt-Ms granite contains inherited zircons varying in
age from ca. 374 Ma to ca. 1.5 Ga, similar to zircon ages from
the surrounding orthogneisses, which could be, thus, the source
of the granite magma or its contaminant.

3. The age of the Ggsiniec tonalite is the same as the
Kalinka tonalite in the southern part of the Strzelin Massif, and
both represent the late-stage granitoid plutonism event in the
Variscides of the NE margin of the Bohemian Massif.
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