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Abstract: The Kamieniec Zagbkowicki Metamorphic Belt (KZMB) is a narrow zone of mainly mica schists, sub-
ordinate acid metavolcanics and scarce eclogites, sandwiched between Brunovistulia and the northern tip of the
Tepla-Barrandia microplates. Locally occurring high-pressure relics indicate subduction of the metasedimentary
succession of the KZMB, the origin and provenance of which remain unclear. Laser ablation-inductively coupled
plasma-mass spectrometry (LA-ICP-MS) investigations of detrital zircons show that the metapelites represent an
Ediacaran-Cambrian sedimentary basin, with a maximum depositional age of 561+9 Ma. This basin was filled with
detritus from a source or sources, composed of rocks containing zircons that are mainly Cryogenian-Ediacaran
and Palaeoproterozoic in age. No younger component was found in the zircon population studied. The isotopic
U-Pb LA-ICP-MS and chemical U-Th-total Pb electron probe microanalysis (EPMA) monazite geochronology
data indicate an important regional tectono-metamorphic event at ca. 330 Ma. Though these data do not permit
determination of the peak pressure from the peak temperature stages, the event was part of a complex collision of
the Saxothuringian plate with Brunovistulia.

Key words: U-Pb geochronology, LA-ICP-MS dating, U-Th-total Pb geochronology, EPMA dating, mi-
croplates of the Bohemian Massif, Kamieniec Zabkowicki Metamorphic Belt, Variscan metamorphism.
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INTRODUCTION

doi: https://doi.org/10.14241/asgp.2020.05

In the northeasternmost Bohemian Massif, there is a nar-
row belt of mica schists ca. 10 km wide, referred to as the
Kamieniec Zabkowicki Metamorphic Belt (KZMB); on
the basis of zircon data collected from the adjacent units,
it is assigned to the Saxothuringian microplate (Oberc-
Dziedzic et al., 2018). The KZMB is positioned between
the northwestern margin of the Brunovistulian terrane and
the Gory Sowie Massif. The latter has been considered to be
the northeast continuation of the Tepla-Barrandia/Bohemia
Terrane (Matte et al., 1990; Franke and Zelazniewicz, 2000;
Oberc-Dziedzic et al., 2015), the Central Sudetic Terrane

(Cymerman et al., 1997) the Gory Sowie—Ktodzko Terrane
(Mazur et al., 2006) or the Central Sudetic Accretionary
Wedge (Mazur et al., 2015). In the regional subdivision,
this narrow, N—S-trending belt belongs to the Fore-Sudetic
Block and stretches from Kamieniec Zgbkowicki towards
Wroctaw, though it is extensively hidden under the Cenozoic
cover (Fig. 1A).

The mylonitized gneisses of the Gory Sowie Massif (e.g.,
Dziedzicowa, 1979; Zelazniewicz, 1995), schistose rocks
of the Niemcza Shear Zone (Dziedzicowa, 1975, 1985;
Mazur and Puziewicz, 1995; Zelazniewicz, 1995; Klimas
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et al., 2003), mica schists of the Kamieniec Zabkowicki
Metamorphic Belt (e.g., Dziedzicowa, 1979; Mazur and
Jozefiak, 1999) and para- and orthogneisses of the Strzelin
Massif (e.g., Oberc-Dziedzic et al., 2005; 2015) occur along
a W-E transect (Fig. 1B). In the vicinity of Kamieniec
Zabkowicki, there are outcrops of porphyroblastic garnetif-
erous mica schists with high-pressure relicts (Nowak, 1998;
Szczepanski et al., 2018) and lenses of eclogites, metamor-
phosed at ca. 13—15 kbar and 600°C (Achramowicz et al.,
1997). The high-pressure (HP) signatures in these rocks em-
phasize the geodynamic importance of the whole belt in the
eastern Variscides. However, so far neither the pre-Variscan
nor the Variscan events recorded in these rocks have been
constrained by isotopic geochronology.

Eclogites set in mica schists near Kamieniec Zabkowicki
are not unique in this part of the Bohemian Massif. However,
such rocks are only confined to a broad, N—S-trending bor-
der area between the Saxothuringian and Moravo-Silesian
(Brunovistulia) Zones. In the latter, the Velké Vrbno Dome
contains eclogite (metamorphosed at 14-17 kbar, 600—
—700 °C) lenses, associated with orthogneiss and embedded
in a metavolcanic suite (Stipska et al., 2006). On the other
hand, gneisses of the Orlica-Snieznik Dome to the south of
the Sudetic Marginal Fault (Fig. 1) that contain eclogites
(15-30 kbar, 670-930 °C) in the Snieznik area (e.g., Bakun-
Czubarow, 1998; gtipské et al., 2012; Majka et al., 2019)
are assigned to Saxothuringia (e.g., Franke et al., 1993;
Franke and Zelazniewicz, 2000).

The aim of this study of metapelites in the KZMB is to
specify the provenance and terrane affiliation of this belt
The authors constrained the detrital zircon age spectrum and
the maximum depositional age of the sedimentary protolith.
Furthermore, timing constraints on the age of regional met-
amorphism in the KZMB were established using isotopic
Laser ablation-inductively coupled plasma-mass spectrom-
etry (LA-ICP-MS) U-Pb dating and “chemical” U-Th-total
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Pb electron probe microanalysis (EPMA) dating. The age
results obtained provided new data on the position and sig-
nificance of the provenance, protolith and metamorphic age
records in mica schists of the KZMB in pre-Variscan and
Variscan times. These age data are of significant importance
in refining knowledge of the evolution of the northeastern
part of the Bohemian Massif and the Fore-Sudetic Block,
in particular.

GEOLOGICAL SETTING

The KZMB occurs in the eastern part of the Fore-Sudetic
Block. It emerges from beneath Cenozoic deposits in a
N-S-trending belt, partly outcropping between Lagiewniki
and Kamieniec Zabkowicki (Fig. 1B). The belt is com-
posed mainly of mica schists with minor intercalations of
quartzo-feldspathic rocks, quartzo-graphitic schists, mar-
bles, amphibolites (Dziedzicowa, 1979; Jozefiak, 1998;
Nowak, 1998) and eclogites localized only in its southern
part (Achramowicz et al., 1997). Microfossils found in the
quartzites and mica schists indicate their Ediacaran to earli-
est Cambrian protolith age (Gunia, 1979).

The KZMB underwent a polyphase tectonic history
(Achramowicz, 1994; Nowak, 1998; Mazur and Jozefiak,
1999; see Gurgurewicz and Bartz, 2011 for review), which
was accompanied by regional metamorphism. The clock-
wise P-T path reconstructions, elaborated so far for the
KZMB mica schists, are roughly comparable. In the mica
schists, pseudomorphs after HP lawsonite (Nowak, 1998)
occasionally have been observed. The conditions of the ear-
ly HP episode were estimated as 11—12 kbar and 400—430 °C
(Nowak, 1998). Recent thermodynamic modelling indi-
cates that the Kamieniec mica schists may have experienced
pressures twice as high, reaching 20-25 kbar at 520 °C
(Szczepanski et al., 2018). Peak temperature conditions in
mica schists from different parts of the KZMB range from
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500 °C to 640 °C with pressures of 3—10 kbar (see Jozefiak,
1998; Nowak, 1998; Szczepanski ef al., 2018). Such a wide
scatter of P-T estimates indicates a tectonic shuffling of
rock units metamorphosed at different depths (Mazur and
Jozefiak, 1999). A series of thrust sheets with westward-in-
creasing metamorphic grade was reported within the belt
(Achramowicz et al., 1997, Nowak, 1998; Mazur and
Jozefiak, 1999).

An age of metamorphism of the KZMB was so far in-
ferred indirectly from relationships with the adjacent units.
In the northern part of the KZMB, some Niemcza granitoid
bodies intruded the boundary zone between the Niemcza
Shear Zone and KZMB at 33542 Ma (U-Pb LA-ICP-MS
zircon dating; Pietranik ef al., 2013). Several other studies
of the Niemcza granodiorites persistently indicate an age of
ca. 340-330 Ma (Oliver et al., 1993; Kroner and Hegner,
1998; Kennan ef al., 1999), interpreted as the time of their
syntectonic intrusion.

ANALYTICAL METHODS

The mica schists cropping out near Kamieniec Zabkowicki
(50°31°06”N, 16°53’13”E) were sampled for this study
(samples SUD24/1 and SUD24/2). The mica schists are
porphyroblastic, coarse-grained rocks bearing large por-
phyroblasts of garnet (up to 1.0 cm in diameter) with chlo-
ritoid, quartz, muscovite, margarite and rutile inclusions.
Rhomboidal pseudomorphs of phases that replaced law-
sonite, similar to those described by Nowak (1998), occur in
garnet cores in sample SUD24/1 (Fig. 2). Apart from relics
of lawsonite, the rhomboidal inclusions contain paragonite,
epidote, ilmenite, muscovite and kyanite. The rock matrix
mainly consists of quartz, biotite, chlorite, staurolite and
plagioclase. The parallel alignment of these minerals forms
a penetrative schistosity. Zircon and monazite are accessory
phases in each of the samples investigated.

Preliminary observations and sample selection for mona-
zite dating were performed using a JEOL SuperProbe JXA—
8230 Electron Probe Microanalyzer (EPMA) equipped with
five wavelength dispersive spectrometers in the Laboratory
of Critical Elements, AGH-KGHM (AGH University of
Science and Technology, Krakéw, Poland). A SUD24/1
mica schist sample containing monazite grains with sizes
sufficient for placing laser ablation spots was selected for
LA-ICP-MS U-Pb dating, whereas a SUD24/2 sample with
smaller grains was selected for EPMA U-Th-total Pb dat-
ing. The composition of the monazites in both samples was
measured using EPMA.

Compositional analyses of monazite were conducted us-
ing a Cameca SX 100 EPMA equipped with 4 wavelength
spectrometers, at the Laboratory of Electron Microanalysis,
Geological Institute of Dionyz Star (Department of Special
Laboratories, Bratislava, Slovak Republic). The analyzes
were performed using 15 kV accelerating voltage, 180 nA
sample current and 3 pm beam diameter (see Konecny et al.,
2018 for analytical protocol and further details). The calcu-
lation of individual monazite dates in the SUD24/2 sample
was processed using the in-house DAMON software (P.
Konec¢ny, unpublished); the mean age of the monazite pop-
ulation was calculated using Isoplot v. 4.16 (Ludwig, 2012).

Fig. 2.
of a garnet porphyroblast, chloritoid, quartz, margarite and rutile
define the early metamorphic fabric. The external fabric is de-
fined by alternating quartz and mica-rich laminae. Plane-polarized
light (SUD24/2). B. Garnet core included elongated quartz, rutile,
white mica and rhomboidal pseudomorphs after lawsonite. Cross-
polarized light (SUD24/1).

Petrography of the mica schists studied. A. In the core

The zircon and monazite for further LA-ICP-MS U-Pb
analysis were separated from sample SUD24/1 using stand-
ard techniques and handpicking under a binocular micro-
scope. Zircon and monazite grains were mounted in epoxy
resin and polished. Cathodoluminescence (CL) of zircons
and back-scattered electron (BSE) images of zircons and
monazites were performed prior to the LA-ICP-MS meas-
urements. A Thermo Scientific Element 2 sector field ICP-
MS coupled to a 193 nm ArF excimer laser (Teledyne Cetac
Analyte Excite laser) at the Institute of Geology of the
Czech Academy of Sciences, Prague, Czech Republic, was
used to measure the Pb/U and Pb isotopic ratios in zircon
and monazite.

The laser was fired at a repetition rate of 5 Hz with flu-
ence of 1.95 J/cm? and spot size of 10 microns for monazite
analysis and 3.5 J/em? and spot size of 25 microns for zir-
con analysis. The He carrier gas was flushed through the
two-volume ablation cell at a flow rate of 0.85 L/min and
mixed with 0.7 L/min Ar and 0.004 L/min N, prior to intro-
duction into the ICP. The in-house glass signal homogenizer



30 M. JASTRZEBSKI ET AL.

(design of Tunheng and Hirata, 2004) was used for mixing
all the gases and aerosol, resulting in smooth, spike-free sig-
nal. The signal was tuned for maximum sensitivity of Pb
and U and low oxide level (below 0.1% as measured at the
beginning of the analytical session). Typical acquisitions
consisted of a 15 second measurement of blank followed by
measurement of U, Th and Pb signals from the ablated phos-
phates for another 35 seconds. A total of 420 mass scans
were acquired in time resolved — peak jumping — pulse
counting / analogue mode with 1 point measured per peak
for masses 2Pb + Hg, 2°Pb, 2"Pb, 2%Pb, 22Th, »*°U, and
28U, Owing to a non-linear transition between the count-
ing and analogue acquisition modes of the ICP instrument
and the fact that 2*U is usually measured in “both” mode,
the raw data were pre-processed using a Python routine for
decoding the Thermo Element ICPMS data files (Hartman
et al., 2017) and an in-house Excel macro. As a result,
the intensities of **U were left unchanged if measured in
a counting mode and recalculated from U intensities if
the 28U was acquired in an analogue mode, thus eliminating
the non-linearity between pulse-counting and analogue-de-
tecting modes. Data reduction then was carried out off-line
using the Iolite data reduction package version 3.4 with the
VizualAge utility (Petrus and Kamber, 2012). Full details
of the data reduction methodology can be found in Paton
et al. (2010). The data reduction included correction for gas
blank, laser-induced elemental fractionation of Pb and U
and instrument mass bias. For the data presented here, blank
intensities and instrumental bias were interpolated using an
automatic spline function, while down-hole inter-element
fractionation was corrected using an exponential function.
No common Pb correction was applied to the data, owing
to the high Hg contamination of the commercially available
He carrier gas, which precludes accurate correction of the
interfering 2**Hg on the very small signal of *Pb (common
lead).

Residual elemental fractionation and instrumental mass
bias of monazite analyses were corrected by normalization
to the natural monazite sample from Jarasinga leptynite
(India), with a TIMS U-Pb age of 953 + 4 Ma (Aftalion
et al., 1991). The monazites Manangoutry (Madagascar,
555 + 2 Ma; Paquette and Tiepolo, 2007) and Itambe (Brazil,
27Pb/?3U age of 506.4 + 0.7 Ma; Gongalves et al., 2016)
were periodically measured for quality control. The obtained
mean 2"Pb/*°U values of 553.1 = 2.8 and 505.3 + 2.3 Ma
(20), respectively, are less than 1% within their published
values. In line with the recommendations of Horstwood
et al. (2016), the excess variance (Paton et al., 2010) of the
reference Jarasinga monazite was calculated in Isoplot and
quadratically added to the measurement uncertainties of all
unknowns as well as to all pooled ages (weighted average
and U-Pb Concordia age as it is called in Isoplot).

Residual elemental fractionation and instrumental mass
bias of zircon analyses were corrected by normalization
to the natural zircon reference material Plesovice (Slama
et al., 2008). The excess variance (Paton et al., 2010) of
the primary PleSovice zircon was calculated in Isoplot and
quadratically added to the measurement uncertainties of all
unknowns including validation zircon reference materials
GJ-1 {nr. 63} (Jackson et al., 2004) and 91500 (Wiedenbeck

et al., 1995). These two were analysed periodically during
the measurement for quality control. The obtained values
(GJ-1: concordia age of 603 £+ 4 Ma (20); 91500: concordia
age of 1068 + 5 Ma (20)) correspond perfectly and are less
than 1% accurate within the published reference values (GJ-
1: 206Pb/?8U age of 600.5 + 0.4 Ma, Schaltegger et al., 2015
and 2"Pb/?*°Pb age of 608.53 + 0.4 Ma, Jackson et al., 2004
respectively; 91500: 2"Pb/**Pb age of 1065.4 + 0.3 Ma,
Wiedenbeck et al., 1995).

The U-Pb ages are presented as concordia (pooled) age
and probability density plots, generated with the ISOPLOT
program v. 4.16 (Ludwig, 2012).

RESULTS

Zircon geochronology

The oscillatory zoning and Th/U ratios >0.1 (except for
one analysis) indicate an igneous origin of the zircons inves-
tigated (cf., Rubatto, 2017). Nighty eight U-Pb analyses with
<10% discordance, out of 140 analyses performed (one anal-
ysis per grain), yielded ages broadly ranging from 3.34 Ga
to 504 Ma (sample SUD24/1; Appendix 1). The de-
trital population is dominated by Neoproterozoic and
Palaeoproterozoic grains (Figs 3, 4). The two oldest zir-
con ages recognized are Archean: 3.34 and 2.61 Ga. They
were determined for the oscillatory zoned cores of ca. 100
pm anhedral zircon grains. The Palaeoproterozoic is rep-
resented by 16 anhedral zircons, variously structured (ho-
mogeneous to oscillatory zoned) and sized (70 to 200 pum),
with ages ranging from 2.33 to 1.81 Ga. A single age of
ca. 1.42 Ga came from the core of a small (70 pm long)
zonal zircon. A minor cluster of 1089-722 Ma is formed
by 12 small ca. 100—120 um anhedral grains, usually bright
in CL and oscillatory zoned. The major age cluster is of
Cryogenian-Ediacaran age (696—547 Ma; n = 65). The
Cryogenian- Ediacaran zircons are subhedral to anhedral
grains, 70 to 250 pum in diameter that exhibit predominant-
ly oscillatory zoning and, occasionally, sector zoning. Two
younger ages (521 and 504 Ma) have been obtained from
small, subhedral zircons ca. 70-80 um long, showing an
oscillatory zoned structure (Figs 3A, C, 4; Appendix 1).
The maximum depositional age of the protolith of the in-
vestigated mica schist, calculated using five youngest
206ph/238U ages (discordance < 3%) that overlap within er-
ror (20) with the youngest age, is 560.9+9.1 Ma (MSWD =
= 0.83, probability of concordance 0.36). No younger com-
ponent has been found in the zircon population studied.

Monazite composition and age data

Monazite in both mica schists investigated (SUD24/1 and
SUD24/2) is present as anhedral grains in the rock matrix,
with sizes from several to ca. 60 um and commonly forming
aggregates. Individual monazite grains up to ca. 100 um are
present in the SUD24/1 sample. Rare, small inclusions of
monazite in garnet also occur, but these are too small for
accurate EPMA measurements. Monazite grains are homo-
geneous or, rarely, demonstrate growth or patchy zoning.
The composition varies significantly within the monazite
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Fig. 3. Results of U-Pb LA-ICP-MS zircon dating. A. Cathodoluminescence images and LA-ICP-MS ages of selected zircons from
the Kamieniec Zgbkowicki Metamorphic Belt (sample SUD24/1). Scale bar under CL images (100 um) refer to all zircon grains. Spot
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population, including 1.58-9.44 wt.% ThO,, 0.24-1.31 The isotopic U-Pb measurements in 8 grains (1-3
wt.% UO,, 24.40-30.09 wt.% Ce,O, in SUD24/1 and 3.07-  analyses per grain) from sample SUD24/1 demonstrat-
16.37 wt.% ThO,, 0.11-1.48 wt.% UO,, 21.23-30.01 wt.% ed considerable discordance, indicating the presence
Ce,0, in SUD24/2 (Appendix 2). of common Pb, which is rare for monazite (Fig. 5E;
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Fig. 5. Results of U-Pb LA-ICP-MS monazite dating. A—D. Representative BSE images BSE images of monazite separated from
the mica schist sample SUD24/1. Spot labels correspond to labels in Appendix 3. E-F. Results of isotopic LA-ICP-MS U-Pb analyses;
27Pb/?35U dates are given in (Ma), discordance is given in (%). See text for further details.
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Appendix 3). The lower intercept at 329.8+4.3 Ma (MSWD =
=0.21, n = 13; Fig. 5E) is the same as an U-Pb Concordia
age of 329.6+£9.6 Ma (26, MSWD = 0.15; Fig. 5F) yielded
by four analyses with a discordance from -0.2 to +2.3%.
Monazite in SUD24/2 sample yielded individual U-Th-total
Pb dates from ca. 318 to 391 Ma (Appendix 4), with a mean
age of 330+5 (26, MSWD = 0.57, n = 36, Fig. 6C). The
Th*-Pb isochron trend indicates minor Pb loss within the
monazite population, rather than the presence of common
Pb (Fig. 6D). Because “chemical” age data were obtained
mostly in small grains and there is no robust method to
constrain the presence of common Pb or Pb loss in indi-
vidual grains, these results should be viewed with caution.
However, an agreement between the U-Pb Concordia and
U-Th-total Pb mean ages partially suggest that the latter also
can be used in further interpretations.

DISCUSSION

The zircon age data demonstrate that the detrital age spec-
tra of the Kamieniec Zabkowicki mica schists are dominated
by two age clusters, Neoproterozoic and Palaeoproterozoic,
with the predominance of Ediacaran ages (Figs 3, 4).
The latter indicate that the protolith of the mica schists stud-
ied was deposited in a sedimentary basin with supply from
source areas dominated by Ediacaran crystalline rocks.

The zircon data provide new insights into the provenance of
the high-pressure mica schists of the KZMB. The source are-
as were composed mainly of Neoproterozoic, predominantly
Ediacaran to Cryogenian, igneous rocks with a less common
Palaeoproterozoic component. The zircon age spectrum is
similar to those known from Saxothuringia, derived from the
West African Craton in Gondwana (Linnemann et al., 2007,
2014; Fig. 7A). In the Sudetes, such detrital zircon age spec-
tra were found in metasedimentary rocks of the Lusatian
and Izera-Karkonosze massifs (e.g., Linnemann et al.,
2007, 2014; Zelazniewicz et al., 2009; Oberc-Dziedzic et
al., 2010a; Zackova et al., 2012), metavolcanosedimen-
tary rocks of the Kaczawa Fold Belt (Kryza et al., 2007;
Kryza and Zalasiewicz, 2008; Tyszka et al., 2008), parag-
neisses, mica schists and quartzites of the Orlica-Snieznik
Dome (Jastrzebski et al., 2010, 2015; Mazur et al., 2012,
2015), quartzites of the Staré Mésto Belt (Jastrzebski et al.,
2015) and also in some paragneisses of the Strzelin Massif
(Oberc-Dziedzic et al., 2018). Such zircon age characteris-
tics are also very similar to that in the Erzgebirge region of
the Saxothuringian plate (Collett ez al., 2020 and references
therein). In the adjacent northern part of Brunovistulia (the
Strzelin Massif and Silesian Domain of the Moravo-Silesian
Zone), rocks contain significant amount of 1.4 Ga zircons
and for this reason they are expected to have been derived
from the Amazonian part of Gondwana (Oberc-Dziedzic
et al., 2003; Zelazniewicz et al., 2005; Mazur et al., 2010).
In the Kamieniec Zabkowicki metapelites, a single analysis
of ca. 1418 Ma (Appendix 1) was obtained in the narrow
core of a zoned grain (Fig. 3A). An interpretation that the
KZMB sedimentary basin was located within the delivery
reach of the detritus, ultimately derived from rocks similar
to those of the Rondonia province in Amazonia, would not
be well founded (Figs 3, 4).
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Fig. 6. U-Th-total Pb EPMA monazite dating. A—B. BSE images
of monazite grains from the mica schist SUD24/2. Analytical spot
labels correspond to analysis labels in Appendix 4; dates are given
in (Ma). C-D. Results of U-Th-total Pb dating. Th* values denote
measured Th plus U converted to hypothetical Th with respect to
production of the equivalent amount of radiogenic Pb (Kone¢ny
et al., 2018). Negative value of isochron intercept with Pb axis
indicates minor Pb loss in monazite population.
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Fig. 7. Position of the Kamieniec Zabkowicki Metamorphic Belt during the Early and Late Palacozoic on palaeogeographic schemes
modified after Franke et al. (2017). A. Gondwana before the Early Ordovician fragmentation. B. Variscan terranes during the Early
Carboniferous. AM — Amazonia, IB — Iberia, AR — Armorica, SX — Saxothuringia, KZMB — Kamieniec Zabkowicki Metamorphic Belt,

TB — Tepla-Barrandia, GSM — Goéry Sowie Massif.

However, a statistically more important group, de-
fined by the 1089-722 Ma age cluster (n = 12), indicates
a Grenvillian component, the presence of which cannot be
easily reconciled with a source on the West African Craton.
This requires seeking the Grenvillian or other source(s) with
similar timing in nearby fragments of Rodinia/Gondwana.
In Amazonia, anorogenic granites of Rondonia were em-
placed at 990-900 Ma (Dall’Agnol ef al., 1987). On the
other hand, in southern Scandinavia, the Sveconorwegian
(1.14-0.90 Ga) events were followed by the abortive break-
up of Rodinia around 850 Ma (Paulsson and Andréasson,
2002), which corresponds to the Tonian group of zircons
identified in the mica schists investigated. Clearly more
work has to be done to expand the age dataset of detrital
zircons and shed more light on the provenance of the region
studied.

A West African Craton affinity of the KZMB rocks is still
the most probable, as their zircon age spectra are practically
without Mesoproterozoic ages. It has to be noted that a true
depositional age of the protolith may be younger than the
calculated maximum depositional age of 560.9+9.1 Ma (cf.,
Cawood et al., 2012). Sedimentation of the protoliths of the
mica schists of the KZMB thus probably commenced in the
Ediacaran, but the onset of deposition in the Cambrian can-
not be excluded.

Most of the detrital zircons reveal Th/U ratio >0.1 charac-
teristic for igneous rocks (e.g., Rubatto, 2017). Zircons with
Th/U ratio <0.1 are scarce (Fig. 4), so that no distinct meta-
morphic episode in the source area of the sedimentary basin
can be distinguished. Nevertheless, the presence of 30% of
U-Pb ages highly (>10%) discordant (Fig. 3B; not consid-
ered and not shown in the histogram on Figure 3C) indicates
partial Pb loss in the detrital zircon population. The zircons
investigated demonstrate no record of post-depositional
metamorphic regrowth (Figs 3, 4).

The LA-ICP-MS U-Pb isotopic and EPMA U-Th-total
Pb dating revealed that all the monazites investigated

represent a ca. 330 Ma Carboniferous thermal event with
no inherited ages. In the NE Bohemian Massif, such Early
Carboniferous ages are common in tectonostratigraphic
units that belong to both the Saxothuringian Zone and also
to the Moldanubian Zone. Compared to geochronological
data from the Saxothuringian units adjacent to the KZMB,
ages of about 330 Ma generally are related to cooling or lat-
er thermal overprints. In metamorphic rocks of the Orlica-
Snieznik Dome, Ar-Ar mica ages point to more protracted
cooling between ~340 Ma and 320 Ma (Marheine et al.,
2002; Schneider ef al., 2006; for most recent reviews of ge-
ochronology of this unit see Skrzypek et al., 2017; Walczak
et al., 2017 and Jastrzgbski et al., 2019). On the other hand,
the ca. 330 Ma monazite-forming event in the KZMB is gen-
erally 10-30 Myr. older than the late Variscan thermal event
in the NW Brunovistulia (Szczepanski, 2002; Schulmann
et al., 2014). The monazite age of ca. 330 Ma also contrasts
with Devonian ages obtained in the Gory Sowie Massif
(Tepla-Barrandia), the tectonothermal evolution of which
was accomplished much earlier, i.e., before ca. 360 Ma (van
Breemen at al., 1988; O’Brien et al., 1997; Brocker et al.,
1998; Kryza and Fanning, 2007).

The zircon and monazite data altogether indicate that the
KZMB mica schists and eclogites cannot be assigned either
to Brunovistulia or to Tepla-Barrandia. Instead, the KZMB
is geotectonically more compatible with the Orlica-Snieznik
Dome, although the relevant rock complexes cannot be cor-
related directly across the Sudetic Marginal Fault because
the tectonostratigraphic units in its walls represent different
erosional levels over a vertical distance of some five kilo-
metres (e.g., Cwojdzinski and Zelazniewicz, 1995). Both the
Orlica-Snieznik Dome and the KZMB most probably can be
assigned to the Saxothuringian microplate (e.g., Franke and
Zelazniewicz, 2000; Chopin et al., 2012; Oberc-Dziedzic
et al., 2015). However, it should be noted that some geotec-
tonic models consider these rocks as part of the Moldanubian
microplate, which played an active role during the Variscan
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collision (e.g., Matte ef al., 1990). Both Saxothuringia and
Moldanubia have West African connections and were ad-
jacent in pre-Variscan times (Zék & Slama, 2018); thus,
the Moldanubian affinity of the KZMB cannot be excluded
entirely.

Given the tectonic shuffling of rocks with different P-T
records (Jozefiak, 1998; Nowak, 1998) within the KZMB,
the data of the present authors confirm that the belt can be
interpreted as part of the edifice stacked by collision that
developed between the northern tip of the Tepla-Barrandian/
Bohemian terrane and the Brunovistulian terrane, as ob-
served along the W-E transect from the Géry Sowie Massif
to the Strzelin Massif (Fig. 1B). The KZMB (10-20 km
outcrop breadth) is a narrow strip of an accretionary prism
forced between two microcontinents, of which Brunovistulia
represents the lower plate. Saxothuringia and the structurally
higher Tepla-Barrandian/Bohemian terrane are in the upper
plate. The original contact of these two terranes was later
strongly modified by sinistral strike-slip tectonics, localized
mainly in the Niemcza Shear Zone (Mazur and Puziewicz,
1995; Zelazniewicz, 1995) that also embraced dismembered
fragments of the Sudetic ophiolite (Fig. 1B).

Metapelites of the KZMB, with the revealed
“Saxothuringian” detrital zircon age spectra, may be inter-
preted as a fragment of Ediacaran—Cambrian (?) succes-
sions, characteristic of the Saxothuringian margin (Oberc-
Dziedzic et al., 2018 for review), which was subducted to a
depth of 40—50 km and involved in the Variscan belt in front
of the Brunovistulian sector of Laurussia (Fig. 7B). In the
KZMB, the main monazite-forming event occurred during
regional metamorphism around 330 Ma, yet whether this
took place at the HP stage or during exhumation remains
unknown. In the belt, regional metamorphism was enhanced
by an increased heat flow, concurrent with Mississippian
granitic intrusions in the neighbouring unit, namely gran-
odiorites in the Niemcza Shear Zone (Oliver et al., 1993;
Pietranik et al., 2013) and tonalites emplaced in the
Neoproterozoic (Brunovistulian) basement of the Strzelin
Massif (Oberc-Dziedzic et al., 2010b). The Niemcza gran-
odiorite/monzodiorite crystallized from a magma within
a temperature range of 850-730 °C and pressure of 4 + 1
kbar (Puziewicz, 1992), thus at depths similar to those, at
which the KZMB schists and eclogites re-equilibrated at the
temperature peak on a clockwise P-T path (Dziedzicowa,
1979; Nowak, 1998; Szczepanski et al., 2018). The new
data in the present account show that a rather complex
amalgamation of rock units with different grades, which
belong to the tectonic stack of Tepla-Barrandia/Bohemia,
Saxothuringia and Brunovistulia, in the NE corner of the
Bohemian Massif, took place in Mississippian times, main-
ly during the Viséan.

CONCLUSIONS

1. The maximum depositional age for the protolith of the
metasedimentary rocks of the Kamieniec Zabkowicki
Metamorphic Belt is 560.9+£9.1 Ma.

2. The predominance of zircon ages clustering in 1.09—
—0.55 Ga and 2.16-1.81 Ga, with only scarce
Mesoproterozoic and Cambrian zircon ages, indicates

that the source areas for the KMZB metapelites may have
been in the West African Craton, as was the case for other
parts of the Saxothuringia microplate.

3. The U-Pb and U-Th-total Pb monazite age data indicate
that the metamorphism of the mica schists investigated
occurred during the Viséan-earliest Serpukhovian (ca.
330 Ma) and can be related to tectonic extrusion of the
Saxothuringian rocks along western Brunovistulia.
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Appendix 4.

Results of the monazite EPMA dating in the mica schist SUD24/2 with concentrations of Th, U, Pb and Y

Analysis Th 20 U (Wwt%) 20 Pb 20 Y (wt.%) Th* Age 20
(wt.%) (wt.%) (wt.%) (Ma)
mnzl-1 3.71  0.04 0.61 0.01 0.08 0.01 0.26 5.73 328 46
mnzl-2 3.49 0.04 0.61 0.01 0.07  0.01 0.27 5.50 306 48
mnzl-3 4.02 0.04 0.67  0.01 0.09 0.01 0.29 6.23 342 42
mnz2 11.10 0.08 0.66 0.01 0.20 0.01 0.67 13.37 342 22
mnz3 12.27  0.09 0.68 0.01 0.22 0.01 0.45 14.62 342 21
mnz5-1 10.74  0.08 0.62 0.01 0.18 0.01 0.47 12.86 318 23
mnz5-2 11.19 0.08 0.67 0.01 0.20 0.01 0.46 1347 329 22
mnz5-3 10.79  0.08 0.85 0.02 0.20 0.01 0.58 13.67 335 22
mnz5-4 10.24  0.08 0.80 0.01 0.19 0.01 0.56 1295 329 23
mnz6-1 12.81  0.09 0.97  0.02 0.24 0.01 0.57 16.11 338 19
mnz6-2 14.38  0.10 0.89  0.02 0.26 0.01 0.53 17.43 339 18
mnz7-1 5.50 0.05 0.64 0.01 0.11 0.01 0.70 7.64 331 35
mnz7-2 6.28 0.05 0.71 0.01 0.13 0.01 0.62 8.65 335 31
mnz9 2.69 0.03 0.50 0.01 0.07 0.01 0.76 4.36 344 59
mnz12 4.59  0.04 098 0.02 0.11  0.01 0.55 7.83 329 34
mnz18-1 3.82 0.04 1.29  0.02 0.11  0.01 0.71 8.05 313 34
mnz18-2 3.02 0.03 1.15  0.02 0.10  0.01 0.88 6.78 332 40
mnz18-3 3.25 0.03 0.57 0.01 0.07  0.01 0.59 511 323 51
mnz20-1 4.02 0.04 0.14 0.01 0.07 0.01 0.23 4.51 342 57
mnz21-1 4.67 0.04 0.75 0.01 0.10 0.01 0.71 7.17 310 37
mnz21-2 6.00 0.05 0.40 0.01 0.11 0.01 0.59 7.35 326 37
mnz21-3 8.37 0.07 0.43 0.01 0.15 0.01 0.47 9.84 350 29
mnz22-1 3.06 0.03 0.93 0.01 0.09 0.01 0.60 6.12 317 43
mnz22-2 4.04 0.04 1.02  0.02 0.11  0.01 0.53 740 321 36
mnz22-3 2.79 0.03 0.88 0.01 0.08 0.01 0.40 5.68 314 46
mnz23-1 8.69 0.07 1.25 0.02 0.19 0.01 0.49 12.85 334 23
mnz23-2 5.87 0.05 0.71 0.01 0.11 0.01 0.48 8.23 307 33
mnz23-5 4.06 0.04 0.37 0.01 0.07 0.01 0.36 5.32 290 49
mnz23-6 5.84 0.05 1.35  0.02 0.15 0.01 0.66 10.28 329 27
mnz23-7 374 0.04 0.48 0.01 0.08 0.01 0.42 533 329 49
mnz23-8 324 0.03 1.03  0.02 0.09 0.01 0.68 6.62 316 40
mnz23-9 4.47  0.04 0.65 0.01 0.09 0.01 0.61 6.62 303 40
mnz23-10 3.37 0.03 1.15  0.02 0.10 0.01 0.75 7.12 325 37
mnz23-11 3.77 0.04 0.58 0.01 0.08 0.01 0.58 5.71 319 46
mnz23-12 3.43 0.04 1.14 0.02 0.10 0.01 0.49 7.18 324 37
mnz23-13 336  0.03 0.81 0.01 0.09 0.01 0.47 6.04 323 43

Comments: Th* values denote measured Th plus U converted to hypothetical Th with respect to production

of the equivalent amount of radiogenic Pb (Kone¢ny et al., 2018)






