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In this paper are reviewed structural, petrological and geochronological data from the main units at the NE periphery of
the Moldanubian Zone, i.e. Kutnd Hora Complex, Svratka Unit, Policka and Zabteh units, as well as the Strazek Unit
of the Moldanubian Zone. In this domain of the Bohemian Massif, the lower- and upper-crustal units are dominated by
metamorphic fabrics produced during the Variscan orogeny.

The mid- to upper-crustal Svratka, Poli¢ka and Zabteh units are affected by ~MP/MT “long-lived” (~350-339 Ma)
tectonometamorphic event reflecting ~WNW-ESE right-lateral strike-slip shearing (transpressional to transtensional
tectonics). These regional fabrics are in the Policka and Zabieh units related with syn-tectonic emplacement and crystal-
lization of calc-alkaline intrusions (Zabteh Intrusive Complex, Mifetin nad Budislav plutons). In the three structurally
high units in the Kutnd Hora Complex, Orlice—Snéznik and the Strazek units the strike-slip, ”long-lived* tectonics is
rather localized; the high-pressure, high-temperature events followed by heterogeneous and polyphase exhumation of
deep-seated rocks to mid-crustal levels are preserved. Ultrapotassic rocks (durbachites) of the Strazek Unit, dated at
~339 Ma, intruded posttectonicaly.
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1. Introduction

The present paper outlines the geological and tectonic
setting of the units extending along the northern margin
of the Moldanubian Zone (Figs 1-2) from the Strazek
Unit in the south through the Kutna Hora Complex,
Svratka, Policka and Zabieh units up to the southern part
of the Orlice—Snéznik Unit in the NE.

The Strazek Unit, as a part of the Moldanubian
Zone, corresponds to exhumed high-grade, lower- to
mid-crustal rocks that recorded a polyphase Variscan
tectonometamorphic record (for a general review, see
Urban and Synek 1995; Vrana et al. 1995). The Kutna
Hora Complex and the Svratka Unit represent a crustal
stack of rocks with different lower- to mid-crustal history
(e. g. Synek and Oliveriova 1993; Melichar ed. 2008).

The structurally uppermost Policka and Zabfeh units
are composed of less metamorphosed volcanosedimentary
sequences, probably with the broad affinity to the Tepla—
Barrandian Unit (Bohemicum). The Orlice—Snéznik Unit
as part of the West Sudetes (Lugicum) consists of high-
grade polymetamorphic migmatites, orthogneisses and
metasediments. The protoliths to orthogneisses was dated

as Cambro—Ordovician (Kroner et al. 2001), metasedi-
ments are probably of Neoproterozoic to Early Palacozoic
age. The HP rocks including granulites, eclogites and
peridotites reveal both Palacovariscan and Neovariscan
crystallization/equilibration ages.

In general, the geological evolution of some rocks in
the studied area started during Neoproterozoic to earliest
Palaeozoic times (~570-530 Ma). Late Cadomian subduc-
tion at the northern periphery of the Gondwana continent
was followed by crustal extension and incipient rifting
(e.g. Franke 2000; Hegner and Kroner 2000; Kroner et
al. 2000a). The Cambro—Ordovician rifting event led to
the opening of the Rheic Ocean (for a general review, see
Kroner et al. 2000a; Linnemann et al. 2008). The Variscan
orogeny was initiated by the Devonian to Early Carbon-
iferous collision of Gondwana-derived crustal segments
with the Old Red (Laurussia) continent (see Franke 2000
for an overview). Palacovariscan orogenic processes, sup-
ported by ages near 380-370 Ma, are poorly constrained
at present due to an extensive Neovariscan overprint
(Mazur et al 2006). The subsequent continental subduc-
tion, succeeding in consumption of oceanic domains and
accompanied by HP/HT metamorphism at ~340 Ma, was
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(e.g., Drost et al. 2004;
Dorr and Zulauf in print);
(iii) Lugicum (West Su-
detes) and Saxothuringicum
including Neoproterozoic
to Lower Palaeozoic base-
ment rocks with tectoni-
cally implanted slices of
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nape pile (Schulmann et
al. 1991; Schulmann and
Gayer 2000). The Mora-
vo-Silesian Zone con-
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ment with deformed and
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Fig. 1 Geological sketch map of the Bohemian Massif with location of the study area at the NE periphery of

the Moldanubian Zone. After Franke et al. (2000).

followed by isostatically-driven, very fast exhumation of
deep-seated rocks (Kroner et al. 2008; Schulmann et al.
2009 and references therein).

The orogenic processes were accompanied by exten-
sive magmatic/plutonic activity (Finger et al. 1997). In
the studied area two main stages of Variscan magmatic
activity were identified (Burianek et al. 2003; Janousek
and Holub 2007): (i) The calc-alkaline plutons (dated
at ~350 Ma) intruded the Policka and Zabieh units;
(i1) emplacement of the ultrapotassic (durbachite) plutons
(~343-335 Ma) in the Moldanubian Zone. The Kutna
Hora Complex and the Svratka Unit are devoid of Va-
riscan plutons.

The accretion of individual blocks/units of the Central
European Variscides (Bohemian Massif) led to the jux-
taposition of different crustal segments (e.g. Schulmann
et al. 2009): (i) the Moldanubian Zone (MZ) built by
Variscan and pre-Variscan lower- to mid-crustal rocks
(for a general review see e.g. Fiala at al. 1995; Urban
and Synek 1995; Schulmann et al. 2008); (ii) the Tepla—
Barrandian Unit (TBU) representing the upper-crustal
segment composed of Neoproterozoic rocks metamor-
phosed during the Cadomian event overlain by deformed
volcanosedimentary sequence of Lower Palacozoic age

2000; Schulmann and Ga-
yer 2000).

2. Regional geological setting and
structural pattern

2.1. North-eastern part of the Moldanubian
Zone

The Moldanubian Zone (MZ) is a super-unit represent-
ing a heterogeneous crustal stack of units and rock
types with contrasting lithology, ages and tectonometa-
morphic evolution. The Monotonous Unit contains a
uniform sequence dominated by partly migmatitized
paragneisses. The Varied Unit is built by paragneisses
with abundant intercalations of marbles, calc-silicate
rocks, quartzites, graphitic gneisses and amphibolites.
Varied unit had sedimentary protoliths mainly of Early
Palaecozoic age (Fiala et al. 1995, Drabek and Stein
2003; Janousek et al. 2008). The Gfohl Unit is com-
posed of lower-crustal and upper mantle components
(granulites, migmatitic orthogneisses, with lenses of
peridotites and eclogites) derived from heterogencous
sources. The SHRIMP U-Pb dating on zircons indicates
a protolith age of 488 £ 6 Ma for Gfohl migmatitic
orthogneisses (Friedl et al. 2004). These orthogneisses
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Fig. 2 Simplified geological map of the NE periphery of the Moldanubian Zone showing the positions of detailed structural maps (Figs 3-5). After

Chab et al. (2007).

with Mesoproterozoic and Palaeoproterozoic ages were
incorporated in the southern Moldanubian Zone (i.e.,
Dobra orthogneisses of ~1.38 Ga and Svétlik ortho-
gneisses of ~2.08 Ga protolith ages, Wendt et al. 1993;
Friedl et al. 2004).

In general, the estimated P-T conditions of regional
metamorphism in rocks of the Monotonous and Varied
units fall in the wide range of T = 630-720°C and P =
0.4-1.0 GPa (Vrana et al. 1995; Linner 1996; Racek et
al. 2006). The P-T conditions of peak metamorphism of
granulites and eclogites in the Gf6hl Unit were calculated
at T =~850-1000°C and P = ~1.5-2.0 GPa, with subse-
quent retrograde metamorphism at T = ~600-800 °C and
P = ~0.6-0.8 GPa (for review see Stipska et al. 2004;
Taj¢manova et al. 2006).

Given the geodynamic evolution outlined above the
structural record of the Moldanubian Zone is complicated
and several regional fabrics are observed. On the basis of
several petrostructural studies new concepts of tectonic
evolution were published. For example, one of the early
fabrics are steeply dipping ~NNE—-SSW metamorphic
foliations, preserved in relicts across the MZ, interpreted
by some authors as having originated due to vertical
extrusion of lower-crustal rocks (e.g. Tajémanova et al.
2006). In addition, the Variscan exhumation processes
were associated with formation of well-developed, mod-

erately-dipping to “flat-lying” orogenic fabrics. The in-
terpretations of Moldanubian flat-lying fabrics are in part
controversial (see Verner et al. 2008 for discussion).
The northeastern part of the Moldanubian Zone (des-
ignated as the Strazek Unit) is composed of migmatized
paragneisses with calc-silicate intercalations and mig-
matites with a amphibolite layers (Medaris et al. 1995;
Owen and Dostal 1996; Hanzl ed. 2008). Felsic granulites
and ultramafic rocks derived from upper mantle (Weiss
1992) are interpreted as allochthonous bodies. Meta-
morphic evolution in the Strazek Unit is similar to the
metamorphic record in other parts of the Moldanubian
Zone. High-temperature and high-pressure conditions
identified in granulites, eclogites and garnet peridotites
were followed by the nearly isothermal decompression
at high temperatures (Medaris et al. 1995; Owen and
Dostal 1996; Taj¢manova et al. 2006). The structural
pattern of the Strazek Unit is defined by three superim-
posed regional metamorphic foliations with associated
mineral lineations: (i) earlier, steeply dipping foliation
with regional ~NNE-SSW strike is heterogeneously re-
worked into (ii) flat-lying fabric occurring in the central
part of the Strazek Unit and (iii) gently to moderately
~NE or ~SW dipping metamorphic foliation, defining
the northern boundary of the Moldanubian Zone, bear-
ing a ~NW-SE trending mineral lineation (Fig. 6c). The
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above structures are truncated in some places by intru-
sive contacts of the ultrapotassic (durbachite) intrusions
dated at ~323 Ma (Schulmann et al. 2005) or ~339 Ma
(unpublished geochronological data of A. Gerdes). Given
the ages for other ultrapotassic bodies in the Moldanubian
Zone falling into a relatively short interval of ~343-335
Ma (Janousek and Holub 2007 for review), the latter age
datum is considered more likely.

2.2. Kutna Hora Complex (KHC)

The Kutna Hora Complex (western part of the Kutna
Hora—Svratka Super-unit; Fig. 2) consists of three dif-
ferent structural and lithological parts (Synek and Oli-
veriova 1993; Kachlik 1999) including the Malin Planany
and Béstvina units, which are overlying the Koufim and
Mica Schist units (Figs 2-3).

The three uppermost units represent volcanosedimen-
tary sequences of unidentified stratigraphy and poorly
known metamorphic age. The Béstvina Unit (defined by
Losert 1967) is formed by felsic granulites and migma-
tized gneisses with lenses of garnet peridotites, eclogites
and rare garnet amphibolites. The Malin Unit (Losert
19564, b) consists mainly of kyanite-bearing migmatites
accompanied by garnet amphibolites, partly serpentinized

garnet peridotites/lherzolites, eclogites and several skarn
bodies. The Planany Unit (FiSera 1977) is represented by
various types of migmatites with lenses of amphibolites,
serpentinites and pyroxenites.

The underlying part of the Kutna Hora Complex is rep-
resented by the Koufim Unit (termed also the Koufim Or-
thogneiss Nappe), consisting of granitic orthogneisses and
fine-grained leucocratic migmatites. The lowermost Mica
Schist Unit represents a sequence of metapelites interca-
lated with amphibolites and marbles (Synek and Oliveriova
1993; Kachlik 1999). The structural analysis by Synek and
Oliveriova (1993) documented a polyphase history includ-
ing three major tectonometamorphic events. These authors
suggested that the thrusting of the three allochthonous
units took place after most of their tectonometamorphic
evolution was completed. At first, the bodies of HP-HT
granulites, eclogites and garnet peridotites/lherzolites were
emplaced in the Béstvina and Malin units during the initial
~HT-HP tectonometamorphic event. In addition, the felsic
granulites of the Béstvina Unit were equilibrated under
eclogite-facies conditions (P = ~1.8-2.1 GPa; Vrana et al.
2005). The early structures are generally rare, correspond-
ing foliation planes dip steeply to the ~NE.

The following tectonometamorphic event was connect-
ed with intense migmatization producing kyanite-bearing

Structural map of the Kutna Hora Complex
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Fig. 3 Structural and geological sketch of the Kutna Hora Unit. After Synek and Oliveriova (1993).
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leucosomes (P = 1.5 GPa). The last event was character-
ized by superimposed retrograde metamorphism under
HP amphibolite-facies conditions (formation of foliation
with newly crystallized biotite, muscovite + garnet and
kyanite: Vrana et al. this volume).

The structurally uppermost units of the Kutna Hora
Complex represent segments of high-pressure, deeper
parts of the Palacovariscan crust, which were not affected
by late LP-HT Variscan metamorphic overprint.

2.3. The Svratka Unit

The Svratka Unit (SU), located in the eastern part of the
Kutnad Hora—Svratka Superunit has a ~NW-SE elon-
gated shape with brachyanticlinally-terminated NW part
(Fig. 2). The longest dimension is ~35 km and the short-
estis 1 to 15 km. The Svratka Unit consists of polymeta-
morphic migmatites, paragneisses and mica schists, with
elongated bodies of Cambro—Ordovician metagranites to
orthogneisses. Minor lithologies are represented by layers
of dolomitic marbles, calc-silicate rocks, amphibolites
and skarns (Némec 1998; Melichar ed. 2008; Hanzl ed.
2008). The Svratka metagranites recently dated at 515
+ 9 Ma (U-Pb zircon, Schulmann et al. 2005) were em-
placed during the Cambro—Ordovician magmatic event
into the older migmatitized rocks. The maximum age of
the volcanosedimentary complex is defined by abundant
detrital zircons in strata-bound skarns dated at ~540—-600
Ma (Pertoldova et al. this volume).

During the Variscan Orogeny, the whole Svratka Unit
was affected by penetrative deformation and regional
metamorphism, which attained amphibolite-facies con-
ditions (T = ~ 640-670 °C and P = ~0.7-0.8 GPa; Pitra
and Guiraud 1996; D. Burianek unpublished data).
Subsequently, these rocks were subject to a partial de-
crease in pressure of about ~0.2 GPa and crystallization
of new mineral assemblage (Ms + Bt + Grt + St + Sill)
corresponding to T = 580-650 °C and P = ~0.6 GPa
(D. Burianek unpublished data). In the case of skarns,
the relicts of the oldest ~HP metamorphism (c. ~1.4 GPa)
were identified (Pertoldova 1986; Pertoldova et al. this
volume).

The regional structures are defined by penetrative
metamorphic foliation associated with well-developed
stretching lineation. This foliation (compositional and
deformational layering) dips in the western and central
parts of the Svratka Unit under moderate angles to the
~NNW-NE, whereas in the eastern domain dips steeply
to moderately to the ~SW. The well-developed metamor-
phic lineation (elongated quartz and feldspar aggregates,
lattice preferred orientation of new micas) has a relatively
uniform geometry in the whole unit and dips under low
angles to the ~NW or SE. The orientation of the penetra-
tive metamorphic structures described above defines well

the regional structural framework of the NE periphery of
the Moldanubian Zone. Rarely there were encountered
relicts of older metamorphic fabric (of an unknown age)
in the form of rootless isoclinal folds (Fig. 6b), especially
in quartzo-feldspathic rocks, enclosed within the ~\NW—
SE trending regional fabric. In less deformed parts, es-
pecially in metagranite and polymetamorphic migmatite
bodies, relicts of magmatic or migmatite textures (e.g.
relict magmatic zoning in minerals and incipient stage
of recrystallization in metagranites, evidence for primary
crystallization textures of leucosomes in migmatites)
can be observed. The effect of the Variscan deformation
and recrystallization include dynamically recrystallized
quartz and feldspar aggregates accompanied by a sub-
solidus deformation of primary grains (Zavfelova et al.
2006; Burianek et al. this volume). On the other hand, the
pervasive fabric of the SU is locally modified by brittle—
ductile and brittle extensional deformation (e. g., in the
form of narrow shear zones and faults, or extensional
kink-band folds).

2.4. Eastern part of Tepla—Barrandian Unit
(TBU)

The TBU is an independent upper-crustal segment posi-
tioned between the Saxothuringian Zone and exhumed
Moldanubian Zone. In general, the Tepla-Barrandian
Unit is subdivided into a metamorphosed basement of
Neoproterozoic (Cadomian) age, transgressively overlain
by Cambrian to Middle Devonian volcanosedimentary
sequence of deformed but unmetamorphosed rocks (e.g.
Chaloupsky et al. 1995; Melichar 2004). The Policka and
Zabteh units are interpreted by some geologists as the
easternmost equivalents of the Tepla—Barrandian Unit
(see Misaf and Dudek 1993). The Poli¢ka and Zabteh
units were affected by a variable degree of Variscan
tectonometamorphic overprint under greenschist- and
amphibolite-facies conditions. The pre-Variscan struc-
tures in these units were extensively obliterated (Pitra et
al 1994; Burianek et al. 2003).

2.4.1. Policka Unit (PU)

As seen in Fig. 4, the PU is separated from the overly-
ing, less metamorphosed metasediments of the Hlinsko
Unit (possibly corresponding to the TBU — Vachtl 1962;
Pitra and Guiraud 1996) by localized, ~\NNE-SSW
trending, normal low-temperature shear zones and faults
(Fig. 6d). The protolith to the rocks of the Policka Unit
corresponded to a relatively monotonous Neoproterozoic
and Lower Palaecozoic sequence of flysch sediments and
volcanic rocks (Kodym and Svoboda 1950). During the
Variscan orogenic processes, the volcanosedimentary se-
quence of the PU was affected by regional metamorphism
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under lower amphibolite-facies conditions, accompanied
by emplacement of calc-alkaline (granodiorite to tonalite)
intrusions, Budislav and Mifetin plutons. On the basis
of its lithological composition, the PU was subdivided
by Melichar (1995) into three main parts: (i) medium-
grained biotite and two-mica gneisses with amphibolites,
marbles and associated calc-silicate rocks present along
the boundary with the overlying Svratka Unit; bodies
of leucocratic metagranites are present in the southern
part of Policka Unit, (ii) the central part of the Policka
Unit, consisting of a monotonous sequence of medium-
grained paragneisses with calc-silicate nodules (up to
0.5 m thick), and (iii) the northern part, composed of
paragneisses with lenses of mica schists and quartzites
and abundant calc-alkaline granitic rocks. The Variscan
metamorphic evolution across the Policka Unit shows a
slight variation. Relicts of the prograde ~LP-MT meta-
morphism (T = 560 °C and P = 0.3 GPa) are preserved
only in its western part; the metamorphic grade increases
from the west to the east, with a maximum at T = ~580—
680 °C and P = ~0.5-0.7 GPa. The advective heat input
related to granitic intrusions, is at present poorly defined.
Finally, retrograde metamorphism took place that was
manifested by aggregates of newly formed muscovite
(Burianek et al. 2003).

In the southeast, the Policka Unit is rimmed by a seg-
ment of Variscan felsic granulites and associated orthog-
neisses, (designated Vir Area) The Vir granulites reached
peak temperatures of ~850-900 °C and pressures of 1.3—
1.4 GPa (Tajémanova et al. 2006), followed by retrograde
metamorphic overprint under amphibolite-facies condi-
tions (T = ~600°C and P = 0.6-0.8 GPa, Stoudova et al.
1999). The metamorphic evolution including an early high
HP/HT stage, followed by HT decompression, resembles
granulites in the Moldanubian Zone (see above).

The overall structural pattern of the Policka Unit
(Fig. 4) is defined by regional metamorphic foliation
(pervasive schistosity or compositional banding), which
dips moderately to the ~NE in its central and eastern
parts. Foliations steeply to moderately dipping to the
~WNW were mapped in the western part of the Poli¢ka
Unit. Well-developed, gently ~\NW-SE plunging stretch-
ing lineation, bearing indicators of dextral kinematics,
was observed across the Poli¢ka Unit.

The northern part of PU was intruded by numerous
igneous bodies of calc-alkaline composition (i.e. the
Mifetin and Budislav plutons; Burianek et al. 2003;
Vondrovic and Verner 2008). The Budislav Pluton was
emplaced within the northern part of the Policka Unit
(dated at 350 + 5 Ma; U-Pb method on zircon; Vondrovic
and Verner 2008). In the Budislav Pluton, magmatic to
HT sub-solidus fabrics defined by shape-preferred orien-
tation of plagioclase, amphibole and biotite aggregates
were identified. The corresponding foliations dip under

moderate angles to the ~NE/SW and the associated
strongly-developed lineations have a sub-horizontal ori-
entation. The overall fabrics in the Budislav Pluton are
roughly parallel to the pluton intrusive contacts, as well
as to the orientation of the regional metamorphic fabric
in the Policka Unit.

The second intrusive body of the PU, the Mifetin
Pluton, is deformed medium-grained, porphyritic biotite
tonalite to granodiorite that intruded the western flank
of the Poli¢ka Unit, at the border with the Hlinsko and
Svratka units. The crystallization age of the Mifetin
Pluton was determined at 348 £ 7 Ma (U-Pb zircon;
Vondrovic and Verner 2008). The Mifetin Pluton has a
~NNE-SSW elongated shape (Fig. 4). Two distinct solid-
state fabrics were recognized in this pluton. (i) Relative-
ly older, pervasive high-temperature solid-state foliation
dips under moderate angles to the ~\WNW. These folia-
tion planes are accompanied by well developed stretch-
ing lineations plunging to the ~NW and overthrusting
kinematic indicators. (ii) Along the western rim of the
Mifetin Pluton, the low-temperature cleavage, roughly
parallel to the boundary between the Policka and Hlinsko
units, was superimposed on the older fabrics (Fig. 6d).

2.4.2. Zabteh Unit (ZU)

The Zabteh Unit is adjacent to the Lugicum (West Su-
detes; for a general review see Franke and Zelazniewicz
2000; Mazur et al. 2006). It is positioned in the hanging
wall of the exhumed pre-Variscan and Palaecovariscan
deep-crustal rocks of the Orlice—Snéznik Unit (OSU). The
Zabteh Unit is a volcanosedimentary complex, originally
classified as a part of the Lugicum (Misai and Dudek
1993). In lithological composition it rather corresponds
to the Policka and Hlinsko units (i.e., the eastern prolon-
gation of the Tepla—Barrandian Unit; Misaf and Dudek
1993; Burianek et al. 2003). In detail, the Zabfeh Unit
is composed of two lithological parts (Fajst 1976; HanZl
et al. 2000; Burianek et al. 2003). The southern part is
formed by low-grade metapelites and metabasites, while
the northern includes paragneisses with intercalations
of amphibolites and acid metavolcanites (Fig. 5). The
intensity of the Variscan metamorphism increases from
the central part to the south and north. The P-T conditions
estimated from the northern part of the Zabieh Unit fall
in the middle of the amphibolite-facies field (P ~0.6 GPa
and T ~660 °C; D. Burianek unpublished data). Rocks of
the northern segment of the Zabteh Unit were intruded
by numerous sills and dykes of calc-alkaline rocks of
broadly granodioritic composition (called the Zabteh
Intrusive Complex). Geochemical similarities between
the calc-alkaline rocks from the Zabteh and Policka units
were demonstrated by Burianek et al. (2003). The crystal-
lization age of the former intrusive rocks was estimated
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Fig. 4 a — Structural and geological sketch of the mid- to upper-crustal Svratka and Policka units including the neighbouring metamorphic com-
plexes. b — Stereograms (lower hemisphere, equal area projection) of foliations and lineations from the two main units. Modified after Chab et al.
(2007), Hanzl ed. (2008), Melichar ed. (2008).

by the U-Pb method on zircon at ~354 Ma (V. Kachlik Two distinct metamorphic fabrics occur in the struc-
and J. Slama unpublished data). Some effects of contact  tural framework of the Zabfeh Unit. The dominant
metamorphism and local partial melting (anatexis) were =~ metamorphic foliation generally dips under moderate
observed in narrow zones along these intrusions. angles to the ~SSW (see the maxima in stereograms and
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structural map; Fig. 5) and is associated with well-de-
veloped mineral and stretching lineation gently plung-
ing to the ~SE. In the northern part of the Zabteh Unit,
folded relicts of planar structures with steeply dipping
E—W orientation were observed. Locally, towards the
southern part of the Zabteh Unit, the regional metamor-
phic foliation was deformed into large open folds with
~E—W oriented axes. The orientation of intrusive con-
tacts and fabrics (magmatic to sub-solidus foliation and
well-developed lineation) of the granodiorite intrusions

of the Zabteh Intrusive Complex are roughly parallel
to the orientation of the younger regional metamorphic
fabric. The boundary between the less metamorphosed
rocks of the Zabieh Unit and the adjacent underlying
lower to mid- crustal Orlice-Snéznik Unit (Lugicum)
is roughly parallel to the regional metamorphic fabric
in the northern part of the Zabteh Unit. In the southern
part of the Orlice—Snéznik Unit, these margin-parallel
foliations are superimposed on “flat-lying™ fabrics

(Fig. 5).

Orlice—Snéznik Unit
foliations (poles) =
lineation A

Zabreh Unit
foliations (poles) =
lineations 4

LEGEND:

Orthogneisses
Gneisses (unspecified)
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Metagreywackes
Metavolcanites et
Tonalites (Zabfeh Intrusive C.)

Magmatic to sub-solidus
foliation/lineation

Metamorphic foliation/lineation -==—>

Faults/lithological boundaries

—%38

Zabreh Unit
(northern and
central parts)

4}?1

46 18

Fig. S a — Structural and geological sketch of the Zabteh Unit and southern part of the Orlice—Snéznik Unit. b — Stereograms (lower hemisphere,
equal area projection) of foliations and lineations from the both units. Modified after Chab et al. (2007).
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2.5. Orlice-Snéznik Unit (OSU)

The OSU occurs in the SE part of the Lugicum (West
Sudetes). It consists of high-grade polymetamorphic mig-
matites, orthogneisses (both originally of Cambro—Ordo-
vician age; Kroner et al. 2001; Brocker et al. 2009) and
schists with inclusions of HP and UHP rocks (eclogites
and granulites). For a general review of the lithological
composition and geochronology of the Orlice—Snéznik
Unit, see Kroner et al. (2001). Rocks of the OSU show
high- to medium- grade Variscan tectonometamorphic
overprint recorded in several principal phases: (i) the
first reflects prograde UHP metamorphic conditions in
granulites at around 386 Ma (Anczkiewicz et al. 2007);
(i1) the second event (~340 Ma) was associated with the
HT retrograde metamorphism of the lower-crustal rocks
(Kryza et al. 1996; Anczkiewicz et al. 2007) and (iii) ad-
ditional retrograde processes under the amphibolite-facies
conditions (Jastrzgbski in print).

Compared to the complex metamorphic history of
the Orlice—Snéznik Unit, some additional fabrics were
described (Fajst 1976; Cymerman et al. 1997). The struc-
tural pattern in the southern part of the OSU is dominated
by “flat-lying” retrograde mylonitic foliation associated
with well-developed ~N-S lineation.

3. Discussion

The units at the NE periphery of the Moldanubian Zone
carry a set of structures and metamorphic fabrics reflect-
ing the Variscan geodynamic evolution in a regional
cross-section, from the high-grade rocks of the Moldanu-
bian Zone to the mid- and upper-crustal segments of
the Svratka Unit as well as the Policka and Zabieh
units. In the northeast, high-grade rocks reappear in the
Orlice—Snéznik Unit. With regard to some similarities in
lithology and Variscan tectonometamorphic evolution of
the Policka and Zabieh units (e.g., Burianek et al. 2003;
Buridnek et al. this volume), they can be perhaps cor-
related with some less metamorphosed segments of the
Tepla—Barrandian Unit (e.g., the Hlinsko Unit).

The high-grade rocks of the Vir Area (Vir granulite;
for specification see Tajémanova et al. 2006), convention-
ally classified as the SE part of the Policka Unit, were
probably derived from the Moldanubian lower crust and
incorporated tectonically in their present position. The
Vir segment should be considered as a separate crustal
slice independent of the Policka Unit.

In the case of the Kutna Hora Complex, there are
substantial differences in the lithology and Variscan
tectonometamorphic evolution between the structurally
uppermost members of the KHC (Malin, Béstvina and
Planany units) and the Svratka Unit. The stratigraphic age

of the three allochtonous units in the KHC is unknown
but their HP/HT metamorphism is probably of Palaeova-
riscan age as indicated by Sm-Nd dating of garnet peri-
dotites and pyroxenites from the Malin Unit (~378 Ma;
Brueckner et al. 1996). On the other hand, the structurally
lower Koufim and Mica Schist units could be probably
correlated with similar lithologies in the Svratka Unit.
At present, there is not sufficient information permit-
ting classification of the individual structural patterns
that were defined in the Kutna Hora Unit by Synek and
Oliveriova (1993) as belonging to Palacovariscan or
Neovariscan deformation events.

The structures of pre-Variscan age are rarely preserved
in the complex of polymetamorphic migmatites of the
Svratka Unit (Fig. 6a). Angular blocks of leucocratic
migmatites with well-developed, leucosome textures are
enclosed in Cambro—Ordovician metagranites as xeno-
liths. The Svratka metagranites were emplaced at ~515
Ma (Schulmann et al. 2005). The emplacement of the
Svratka metagranite took place most likely during crustal
extension, close to early Cambro—Ordovician geodynamic
processes (Hegner and Kroner 2000; Kroner et al. 2000a;
Burianek et al. this volume).

In addition, the deformation-resistant skarn bodies
retain some relicts of older deformation structures and
keep record of the pre-Variscan prograde metamorphic
evolution, with mineral assemblages indicating condi-
tions of ~ 1.4 GPa (Pertoldova et al. this volume).

During the Variscan orogeny, two principal metamor-
phic fabrics were formed in the studied area. The rela-
tively older fabrics occur in a distant part of the Moldanu-
bian Zone (i.e. in the centre of the Strazek Unit). Some
authors interpreted these steep N—E trending foliations as
the earliest structures in the Strazek Unit to be associated
with early stages of the Moldanubian Zone exhumation
(Stipska et al. 2004; Tajémanova et al. 2006; Schulmann
et al. 2008). The relatively younger regional fabrics in
the Strazek Unit were imprinted under amphibolite-facies
conditions (T ~ 620 °C and P ~ 0.5 GPa; Taj¢émanova et
al. 2006). In the Svratka and Polic¢ka units similar fabrics
bear characteristics of penetrative deformation under peak
metamorphic conditions. In general, this relatively young-
er mid- to upper-crustal pervasive metamorphic schistosity
dips moderately to the ~\NNE-NE or to the ~SSW-SW
in the southeastern part of the studied area. These planar
fabrics are generally associated with well-developed,
subhorizontal stretching lineation and right-lateral kine-
matic indicators (indicating transpressional to transten-
sional tectonics). The ages for HP/HT equilibration of
Moldanubian granulites, garnet peridotites and associated
ultramafic rocks falling into the narrow range of 340-338
Ma (Becker 1997; Kroner et al 2000b; Tajémanova et al.
2006) and crystallization ages of ultrapotassic intrusions
(~339 Ma; Janousek and Holub 2007) prove that the ex-
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humation of the Moldanubian Zone closely followed this
HP/HT event. This means that deformation structures and
mineral assemblages in micaceous gneisses at the contact
of the Moldanubian Zone with the Svratka Unit and Kutna
Hora Complex must have post-dated the exhumation of
the Moldanubian Zone.

During the Variscan evolution, the ~350 Ma old calc-
alkaline igneous magmas (Budislav Pluton and the Zabteh
Intrusive Complex) were emplaced in the eastern part of
the Policka and the Zabieh units (Vondrovic and Verner
2008). In both plutons, relicts of magmatic fabric were
overprinted by regional ~\WNW-ESE magmatic to HT sol-
id-state foliation associated with subhorizontal lineation.
These relationships indicate that calc-alkaline intrusions
bear convincing evidence of syntectonic emplacement and
crystallization (following the criteria defined by Paterson

,Me‘tagranité
Metamorphic foliation

TR

: S AL : P,
Migmatite g - é , ',Q"!-'

¥ Compositionaljlayering e by

T

| 3)|

New WNW-ESE moderately dipping foliation ;
associated with horizontal lineation and right-lateral kinematic |

et al. 1998). This second event must have terminated
before the crystallization of the ultrapotassic (durbachite)
intrusions, which were emplaced post-tectonically into the
marginal part of the Strazek Unit at ~ 339 Ma.

4. Conclusions

The following conclusions concerning the regional tec-

tonometamorphic evolution were reached:

* The HT/HP tectonometamorphic event (~340 Ma)
was followed by HT decompression and polyphase
exhumation of deep-seated rocks in the NE part of the
Moldanubian Zone (Strazek Unit).

* In contrast, in the Kutna Hora Unit exhumation proces-
ses probably took place earlier — at ~350 Ma. This unit

e,
by s S )
i HT sub-solidus fabric of the Mifetin Pluton "

Fig. 6 Field photographs of fabric relationships. a — A stoped block of leucocratic migmatite in the metagranite of Cambro—Ordovician age (western
part of the Svratka Unit; locality Zkamenély Zamek near Svratka). b — Small isoclinal folds as relicts of older metamorphic fabric (eastern part of
the Svratka Unit; locality: Bystfice nad Pernstejnem). ¢ — Relationships of two regional metamorphic fabrics in the NE part of Moldanubian Zone
(Strazek Unit; locality: Nové Mésto na Moravé quarry). d — The evidence of low-temperature cleavage superimposed on regional high-temperature
solid-state fabric (western part of the Mifetin Pluton, Poli¢ka Unit; locality: Otradov)
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was not affected by LP/HP Variscan decompressional

recrystallization.

* The ”long-lived” regional tectonometamorphic evo-
lution (~350-339 Ma) in the mid- to upper-crustal
part of the Policka and Zabteh units (all interpreted
as representing the eastern prolongation of the Tep-
la—Barrandian Unit) reflects right-lateral strike-slip
shearing (transpressional to transtensional tectonics)
at an approximate depth of ~18 km.

* The calc-alkaline plutons were emplaced syntectoni-
cally in upper- to mid- crustal rocks of the Policka and
Zabteh units during the formation of these regional
metamorphic fabrics at around 350 Ma. In this context,
the calc-alkaline intrusions are excellent time-markers
of regional transpressional to transtensional geodyna-
mic events in the mid- to upper-crustal segment of this
part of the Variscan belt.

* The latest structural stages were connected with for-
mation of extensive localized brittle—ductile shear
zones and faults (e.g., NNE-SSW boundary between
the Poli¢ka and Hlinsko units).

The broad relationships of the described structures
provide important constraints for the kinematic frame-
work and timing of the geodynamic processes involving
the different segments of the Variscan orogenic crust
along the NE periphery of the Moldanubian Zone.
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