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Abstract: The West Sudetes (NE margin of the Bohemian Massif} consist of a complex
mosaic of several tectonometamorphic units juxtaposed during the Variscan orogeny. The
polyphase Variscan tectonothermal development of the West Sudetes was determined by
WAL AT ages of single grains and mincral concentrates. Late Famennian (359 Ma) mica
ages from the high-grade Géry Sowie Block suggest continuous uplift after a Late Devon-
ian high temperature-low pressure {HT-LP) event contemporaneous with the end of
subduction-related high pressure—low temperature (HP-LT) mctamorphism in the East
Krkono$e Complex.

Mid-Late Devonian high pressure events in the Krkonose-Jizera Terrane and Orlica-
Snieznik Dome arc followed by coeval high temperature events between 343 and 335 Ma
(Viséan). The latter are interpreted as consequence of uplift. and decompression during
overthrusting of both complexes on their forelands. Subsequent small- to large-scale shear
movements dated at around 325-320 Ma (early Namurian) affected the Orlica-Sniesnik
Dome, Krkonofe-Jizera Terrane. including the Intra-Sudctic Fault. and also the eastern
Lusatian Granitoid Complex. They were accompanied by contemperaneous emplacement
of the Krkonoge-Jizera pluton. The upper limit of the tectonometamorphic and magmatic
activity is dated a1 314-312 Ma (Namurian/Westphalian boundary). The final juxtaposition
of the diversified tcctonometamorphic units. which constitute the West Sudetes. took place

in early Namurian times.

The Bohemian Massif occupies a key position as
the largest exposed part of the Variscan orogen in
Central Europe (e.g. Matte et al. 1990). Recently
it has been presented as a complex mosaic of ter-
ranes, with each one showing independent pro-
tolith and tectonometamorphic development.
The terrane amalgamation of Central Europe
was a result of the Variscan multiple interactions
during the Variscan orogeny between the
Gondwana-derived Armorican Terrane Assem-
blage with Baltica and East Avalonia which were
already attached to extraneous (also peri-
Gondwanan?) fragments accreted in pre-
Variscan cycles. The subsequent late Variscan
large-scale thrust and horizontal shear move-
ments created the dominant architecture of the
Bohemian Massif. Numerous attempts have been
made to identify individual terranes in the
Bohemian Massif, define them regionally and

describe their evolution (e.g. Franke 1989; Matte
et al. 1990; Oczlon 1992: Cymerman et al. 1997,
Tait et al. 1997: Pharaoh 1999).

The West Sudetes are the easternmost part of
the Saxothuringian Zone of the European
Variscan orogen (c.g. Franke er al 1993;
Narebski 1994; Franke & Zelazniewicz 2000),
and form the northern and northeastern margins
of the Bohemian Massif (Fig. 1). There they have
a unigue position facing the NW-SE oriented
Trans-European Suture Zone (TESZ) separ-
ating Palaeozoic Europe from the Precambrian
East European Craton (e.g. Pharaoh 1999). The
succession of Palacozoic tectonothermal events
is recorded in the Cambrian to Upper Carbon-
iferous meta-igneous and meta-sedimentary
rocks of the West Sudetes.

This paper presents new information on the
West Sudetic metamorphic and igneous rocks as
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Fig. 1. Simplificd geological map of the West Sudetes (modified after Aleksandrowski et all 1997) with sample
localitics. EKC, East Krkonose Complex: ISF. Intra-Sudetic-Fault: NZ. Niemceza Shear Zone: SKC. South
Krkonose Complex: SMF. Sudetic Marginal Fault. Black squares. sample localities. Inset: schematic map of the
Bohemian Massif. ETZ, Elbe Fault Zone: OFZ, Odra Fault Zone.

well as shear zones and mylonites developed
within them. Tt is based on the interpretation of
dating using the “Ar/*Ar step-wise heating
technique. The resulting ages were ¢valualed in
order to determine the sequence of prominent
events, i.e. timing of terrane collisions. amalga-
mations and strike-slip movements in the West
Sudetes and their significance for the Palaeozoic
evolution of the Central European part of the
Variscan orogen.

Geological setting

The West Sudetes arc composed of Upper Pro-
terozoic to lower Carboniferous low- to
medium-grade metamorphosed scdimentary
and volcanosedimentary sequences. with local
lectonic insertions of high pressure rocks. that
were intruded by latest Proterozoic as well as
carly and late Palaeozoic granitoids (Sveboda &

Chaloupsky 1966; Teisseyre 1973; Zelaznicwicz
1697). The West Sudetes arc a collage of the
differentiated lithotectonic units which are
interpreted as terranes. defined according to
autonomous  stratigraphic, igneous and
tectonometamorphic records {Nargbski 1994;
Cymerman et al. 1997; Franke & ZelaZniewicz
2000). The assembly of the West Sudetic terrane
mosaic is interpreted as a result of (carly?)
Variscan {Maluski & Patocka 1997) collision
of Gondwana-derived terranes with Baltica
{= East Avalonia) (e.g. Franke 2000) and late
Variscan large-scale shear movements along
prominent strike-slip faults parallel to the TESZ
{e.g. Aleksandrowski et al. 1997).

The Krkonose-Jizera Terrane

An important role in the terrane cvolution
of the West Sudetes is attributed to the
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Krkonofe-Jizera Terrane (KJT, after Narebski
1994). Three lithotectonic units are currently
distinguished in the Krkonose-Jizera Terrane
sequence and are described in structuraliy
upwards succession {e.g. Kachlik & Patoéka
1998).

(1) The basal autochthenous unit includes the
Cadomian Lusatian granitoids. which intrude
the late Proterozoic flysch  sequence
{Chaloupsky et al. 1989). The unit is exposed
along the NW margin of the Jesieéd Range (the
westernmost part of the KJT at the boundary
with the Lusatian Granitoid Complex. Fig. 1) as
a foreland of overlying lithotectonic units. Tt
expericnced greenschist facies metamorphism
of Cadomian age (between ¢. 560 and 545 Ma)
and has a non-penetrative Variscan overprint
(e.g. Kromer et al. 19944).

{2) The overlying parautochthonous to alloch-
thonous unit contains a very low-grade meta-
morphosed early to late Palacozoic
volcanosedimentary sequence with features
typical of the Saxothuringian Zone (e.g. Chlupéé
1993). This unit, which experienced only late
Variscan lower greenschist facies metamor-
phism forms scveral imbricated slices in the
central and possibly also the eastern parts of the
Jestéd Range (Kachlik & Patocka 2001).

(3) The uppermost allochthenous composite
unil comprises a large antiform of the Trera and
Krkonote (Kowary) gneisses. which include
metamorphosed Cambrian to Ordovician grani-
toids (c.g. Borkowska er al. 1980: Krvza & Pin
1997: Bialek 1998 ). The core is intruded by the
late Variscan Krkono$e-Jizera granite pluton. Its
southern and eastern rims consist of the Lower
Palaeozoic metamorphosed volcanosedimentary
sequences of the South and East Krkenose Com-
plexes (e.g. Fajst er al. 1998; Kachlik & Patocka
1998, Patocka et af. 2000; Dostal et al. 2001). The
East Krkono$e Complex (EKC). exposed on the
east of the KIT, was defined by Berg (1912).
Obere (1960) and Teissevre (1968). 1t comprises
the Rychory Mountains {Czech Republic). the
Lasocki Range and Rudawy Janowickie Moun-
tains (Poland} (Patofka & Smulikowski 1998).
The South Krkonose Complex (SKC) is situated
on the SW margin of the KIT (Fajst e al. 1998).
The complexes show considerable diversity both
in mctamorphic grade and protolith composi-
tion, and are mostly tectonically bounded. They
underwent early Variscan blueschist facies meta-
morphism. fellowed by a widespread greenschist
tacies overprint (Patotka et af. 1996) which is
rclated to the Early Carboniferous tectonic uplift
ol the previously subducted crustal slices,

Interpretations of the lectonometamorphic
development of the KIT vary widely, but encom-
pass the effects of the Cadomian, Caledonian (7)

and Variscan orogenies (see review by Chlupaé
1993). Lithostratigraphic studies on the South
Krkonote Complex (Chaloupsky 1963, 1966;
Kachlik 1997; Chiupd¢ 1997, 1998), and the
PArAr dating from the East Krkonoge
Complex (Maluski & Patocka 1997) show that
the KJT structure is a result of Variscan
tectonometamorphic processes. The KIT vol-
canosedimentary successions were deposited
during a protracted period of intracontinental
rifting of the Cadomian basement, and (as sug-
gested by some of the EKC metabasites) the for-
mation of an oceanic basin of limited extent
(Kryvza er al. 1995 Winchester er al. 1995;
Patocka er al. 2000: Dostal et af. 2000, 2001).

Collision of peri-Gondwanan microplates
with Baltica (+ East Avalonia) in Middle to Latc
Devonian closed the above-mentioned basin,
and produced progressive stacking of the basin
fill. The early Variscan subduction-related
blueschist facies metamorphism of estimated
peak conditions T = 400450 °C and P = 10-12
kbar (Patocka et al. 1996) affected the rocks of
the subducted plate. Its ending is dated at
365-360 Ma {Maluski & Patocka 1997). The sub-
scquent  greenschist  facies  retrogression
{345-340 Ma: Maluski & Patocka 1997) was fol-
lowed by the late tectonic Krkonoje—Jizera
pluton intrusions {Pin e al. 1987; Mierzejewski
et al. 1994) and major late Variscan shearing and
thrusting which produced the NW-SE directed
linear fabric of the KJIT.

Gory Sowie Block

The Gorv Sowic Block (GSB) is a tectonostrati-
graphic unit composcd of the gneiss-migmatite
Gory Sowie Complex (GSC) with minor occur-
rences of felsic granulite and basite—ultrabasite
rocks (Zelazniewicz 1990, 1995). The triangular
block is bounded by steep fault zones with
records of polyphase ductile and then brittle
deformation. Magnetic and gravimetric data
suggest that its eastern part is underlain by the
Sudetic ophiolite (Fig. 1) dated by the U-Pb
zircon method at ¢, 420-400 Ma (Oliver et al.
1943; Zelazniewicz et al. 1998). During the Latc
Decvonian the GSB together with the ophiolite
were rapidly exhumed and both delivered clasts
to adjacent sedimentary Late Devonian—Early
Carboniferous Bardo and Swiehodzice basins
(¢.g. Zelazniewicz 1997: Hladil er al. 1999: Kryza
et al, 1999},

Based on relationships between deforma-
tional structures and successive stages of
migmatite formation. five phases (deformation
phases D;-Ds:) of evolution of the gneiss—
migmatite portion of the GSC have been dis-
cerned. with peak metamorphic conditions
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during migmatization at 3-6 kbar and
700-730 °C (Zelafniewicz 1990, 1993). Several
isotopic dates on migmatites formed in different
phases show that the peak conditions were
attained at Mid-Late Devonian boundary (van
Breemen et al 1988; Brocker er al. 1998; Tim-
mermann et al. 2000). Age constraints on post-
peak metamorphism are documented by Rb-5r
ages between 375 + 4 and 360 + 7 Ma (van
Breemen er al. 1988; Brocker er al. 1998} for
Do-Ds migmatite phases. They suggest a rapid
uplift, which was contemporaneous with
blueschist-facies metamorphism in Palaeozoic
rocks of the East Krkonose Complex (Maluski
& Patocka 1997).

Minor occurrences of felsic granulites and
mantle-derived garnet peridotite, yielding Early
Devonian isotopic ages (O’Brien er af. 1997:
Brueckner et al. 1996) were tectonically inserted
into migmatites (ZelaZniewicz 1995} and were
retrogressively metamorphosed contemporane-
ously with the progressive migmatization under
upper amphibolite facies conditions which oblit-
erated the boundary shear zones.

Orlica-Snieznik Dome

The Orlica-$nieznik Dome {QSD) is the south-
casternmost tectonostratigraphic unit of the
West Sudetes (Fig. 1) and the Saxothuringian
Zone, and it has a complicated fault zone contact
with the Moravo-Silesian zone further cast. The
OSD generally consists of a mainly orthogneis-
sic core, locally embracing (ultra) high pressure
eclogites and granulites, enveloped by a varie-
gated middle—lower amphibolite facies series of
mica schists and paragneisses with marbles and
amphibolites, which is surrounded in turn by
greenschist-facies metapelites and metabasites.
Metabasites are geochemically linked with an
intraplate rift setting (Floyd er al 1996),
Palaeontelogical data, although controversial,
for metasediments (Gunia 1996 and references
therein) point to the late Proterozoic-Early
Cambrian age. Pb/Pb dating of zircon from a
icptynite yielded an age of ¢. 520 Ma (Kréncr er
al. 1997).

The orthogneiss core of the OSD consists of (1)
porphyritic coarse- to medium-graincd meta-
granites (Snieznik augen gneisses) of cale-
alkaline affinity and (2) laminated. variably
grained, two-mica migmatitic alkaline gneisscs
(Gieraltéw gneisses), with lensoid bodies of
augen gneisses, amphibolites, eclogites and felsic
granulites {Borkowska et al. 1990). A structural
inventory of the migmatitic gneisses differs pro-
foundly from that of the augen metagranites,
whereas both the gneiss variants are zonally

sheared and deformed to mylonites and ultramy-
lonites.

Eclogite bodies have amphibolitized margins
and occur in narrow discontinuous belts
(Dumicz 1993). Their protoliths range from
MORB, through calc-alkaline to bimodal vol-
canic rocks {Bakun-Czubarow 1998}, which
excludes single source of the original mafic rocks
and obscures their relationships to the gneissic
hosts. Most of the eclogites show signs of UHP
metamorphism under conditions of 660-800 °C
and above 27 kbar, followed by marked decom-
pression under amphibolite facies conditions
(Bakun-Czubarow 1992, 1998. Brocker &
Klemd 1996), with isothermal decompression in
the pressure range 9-35 kbar at < 600 °C
(Kozlowski & Bakun-Czubarow 1997), or 114
kbar at 650600 °C (Brocker & Klemd 1996).
Strong metamorphic contrasts between neigh-
bouring eclogites, granulites and some gneisses
and amphibolites on one hand and other
gneisses and amphibolites, mica schists and
phyllites on the other hand, point to large tec-
tonic displacements between and within these
rock units.

Review of geochronology

Lusatian Granitoid Complex (LGC)

Constraints on the sedimentation age of the
Lusatian greywackes, representing the oldest
rocks of the LGC, are given by magmatic zircons
of synsedimentary pyroclastic intercalations
dated at 562 + 4 Ma using the Pb/Pb evaporation
method (Gehmlich et af. 1997). These late Pro-
terozoic greywackes were later intruded by the
voluminous Lusatian pluton granitoids.

The time of zircon crystallization in the
western Lusatian granodioritesis given by Pb/Pb
zircon ages between 550 and 5335 Ma (mean age
342 Ma) for the biotite-granodiorite near
Kindisch reported by Tichomirova et al. (1997)
and for the muscovite-bearing biotite-
granodiorite (near Kubschiitz) with 542 + 9 Ma
(Kroner er al. 1994a).

Further east, on the northwestern flank of
the Krkonose-Jizera region, the Lusatian gran-
odiorites, referred to as the Zawiddw granodior-
ite and the Lesna gneisses (foliated variant of
granodiorite) which also yielded Early Cam-
brian intrusion ages (U-Pb zircon lower inter-
cepty of 340 +6/~7 Ma and 540 +19/-21 Ma,
respectively (Korytowski et al. 1993). Different
older emplacement Pb/Ph single zircon evapora-
tion ages for the various granitoids of the LGC
between 587 and 560 Ma were reported by
Kroner et al. (1994a) which coincides with
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K-feldspar Pb/Pb model ages between 589 and
363 Ma obtained by Bielicki er al. (1989).

The so-called Rumburk granite of East
Lusatia is considered as a member of the most
differentiated and voungest graniteid gener-
ation which intruded the LGC. For the unde-
formed Rumburk granite a late Middle
Cambrian Rb-Sr whole rock age of 501 + 32 Ma
was reported by Borkowska ef al. (1980). More
recently, it yielded latest Cambrian to Early
Ordovician Pb/Pb zircon emplacement ages
between 494 = 12 Ma and 480 + 12 Ma (Hammer
et al. 1997). An older emplacement age of
571 + 16 Ma is given by Kroner ef al. (19%4a).

Small bodies of hornblende monzogranite
(Wiesa) and amphibole-bearing granodiorite
{Kleinschweidnitz) were dated by the Pb/Pb
single zircon evaporation method at 304 + 14 Ma
and 312 = 10 Ma (Late Carboniferous). respec-
tively (Kroner et al. 1994a; Hammer ez al. 1997).

A compilation of published and unpublished
Rb-Sr and K-Ar age data (up to 1992) of the
pre-Variscan Lusatian granitoids is given by
Kromer et al. (1994a).

Krkonose-Jizera Terrane (KJT)

From the KJT (situated to the east of the LGC).
the oldest available ages were provided by the
Izera Gneisses derived from the Cambrian Izera
granites. In the western part of the KJT. the
gneissic samples from Frydlant yielded Pb/Pb
single zircons ages of 515 + 8 Maand 504 = 10
Ma (Kriner etal. 1994b). Likewise in the eastern
part of the KIT, the weakly foliated granitic
samples from Perta Zachodu vielded the U-Pb
zircon lower intercept ages of 515 +5/-7 Ma
(Korytowski et al. 1993) and 514 +53/-6 Ma
(Philippe er al. 1995). A further U-Pb lower
intercept age of 493 + 2 Ma for a Rumburk-tvpe
metagranite was regarded as the minimum
emplacement age due to moderate U-content in
the investigated zircons (Oliver e al. 1993).

The Rb-Sr whole rock ages of weakly
deformed Izera Gneiss (462 + 15 Ma) and a
leucogneiss variety (473 = 16 Ma) dated by
Borkowska er al. (1980) were possibly affected
by (partial) homogenization during the Variscan
metamorphic overprint. The Late Carbonifer-
ous Rb--Sr ages of 320-310 Ma (using one mus-
covite and two biotite grains) were interpreted
as the products of isotopic resetting due to the
Krkonoge-Jizera pluton intrusion (see below)
(Borkowska et al. 1980).

The Kowary gneiss (Poland), petrographically
equivalent of the Izera Gneiss from the northern
part of the KJT yielded compatible U-Pb zircon
lower intercept ages between 492 and 481 Ma

(Oliver er al. 1993). Published Pb/Pb single
zircon ages on the Krkono$e gneiss {on the
Czech territory corresponding to the Kowary
gneiss) date its magmatic origin between 509
and 490 Ma (Kroner er al. 19945, 1997).

East and South Krkonose Complexes (EKC;
SKC) In the EKC the geochronological data
were reported from the Rychory Mountains
{Czech Republic), and their northern continu-
ation. the Rudawy Janowickie Mountains
{Poland). The porphyroids from the Rychory
Mountains provided the Rb-Sr whole rock age
of 495 = 9 Ma and in combination with associ-
ated greenschists. an age of 501 + 8 Ma. Both
of the ages were interpreted to date the Cambro-
Ordovician rift-related magmatism (Bendl &
Patocka 1995). Recent U-Pb data on zircons
from the Rychory Mountains mafic blueschists
vielded a protolith age of 485 + 4 Ma (Tim-
mermant ef ¢/, 1999). In the Rudawy Janowickie
Mountains, Oliver er al. (1993) obtained by
U-Pb method (on zircons) an age of 505 £ 5
Ma from a felsic volcanic rock boudin as well as
an age of 494 + 2 Ma from a rock described as
‘hornblende gabbro’, that in fact corresponds to
a Paczvn gnelss variety (Pato¢ka & Smulikowski
1998),

The Bitouchov metagranite from the South
Krkonoge Complex (SKC) was dated at ¢, 540
Ma (U-Pb zircon; Dérr unpublished). This
metagranite vields a homogeneous age pattern
recording neither inherited components nor
younger zircons (Dérr pers. comm.), and thus
may indicate the presence of a Cadomian base-
ment.

The early Variscan high pressure—low temper-
ature metamorphism of the EKC in the eastern
Rychory Mountains was dated by the single
grain At/Ar technique on phengites in the mafic
blueschists vielding Late Devonian plateau ages
of 364 + 2 Ma and 359 = 2 Ma, respectively
and were interpreted as the end of subduction-
related blueschist metamorphism. Other phen-
gites were resetted by the subsequent
retrogressive greenschist facies overprint and
provided plateau ages between 345 and 340 Ma
(Maluski & Patocka 1997).

Krkonose-Jizera pluton The late-tectonic
Krkonose-Jizera pluton intruded central sectors
of the KIT. It consists essentially of several
different granite types representing at least two
distinct {major) magmatic events: The medium
grained aphyvric Tanvald two-mica granite, crop-
ping out only on the SW and west margin of the
Krkono$e-Jizera pluton, is assumed to be the
oldest tvpe (Klominsky 1969). The medium to
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coarse grained porphyritic granite (the "Liberec-
type’ granite), and a younger fine 10 medium
grained facies, the ‘Krkonose ridge-type granite’
(e.g. Micrzejewski ef al. 1994) constitute the
main part of the pluton. The emplacement of the
porphyritic Liberec-type granite was dated by
Rb-Sr whole rock isochrons at around
330-3235 Ma (Pin ef al. 1987: Duthou et al 1991)
whereas the finer grained Krkonoe ndge-tvpe
granite yielded Rb-31 whole rock isochron ages
about 310 + 5 Ma {Mierzejewski er al. 1994).
However. the coarse grained porphyritic moi-
zogranite near Liberec provided a Pb/Pb zircon
evaporation age of 304 + 14 Ma (Kroner ef al.
1994a).

Géry Sowie Block (GSB)

Pb/Pbsingle zircon ages between 487 = 2 and 482
+ 2 Ma of gneisses in the GSB have been inter-
preted as crystallization ages of Ordovician
eranitoids (Krooner & Hegner 1998). The layered
migmatitic gneiss from Zagdrze and the dia-
texitic migmatite from Potoczek yielded the
U-Pb monazite ages of 381 = 2 Ma (lower inter-
cept; van Breemen et al. 1988) and of 383-379
Ma (nearly concordant, Brocker er al. 1998).
respectively. They arc identical with concordant
xenotime ages of 384-380 Ma obtained for the
augen gneiss from Sokolec (Brocker e al. 1998)
and correspond well with recent U-Pb monazite
and xenotime ages of 378 + 2 Ma and
383-370 Ma, for the anatectic granite and the
pegmatite, respectively {Timmermann et al.
2000). These highly consistent results of rocks
deformed during the Da to D stages conirast
with the Pb/Pb single zircon evaporation data
published by Kréner & Hegner (1998). which
range from 473 to 440 Ma. and the U-Phb zircon
lower intercept age of 461 +50/=2 Ma of the dia-
texite (Oliver er al. 1993). After studying the
internal morphotogy of zircons from these rocks
the apparent Ordovician ages were Te-
interpreted as inherited or mixed ages domi-
nated by an older core component
(Timmermann ef af. 2000). This interpretation is
supperted by several well-documented Rb-5r
thin-slab and mineral isochron ages of the Gory
Sowie migmatites varying from 375 = 4 Ma to
362 + 8 Ma (Brocker ef al. 1998) and 372 & 7 Ma
10 360 + 7 Ma (van Breemen ef af. 1988). These
results together point to Late Devenian high
temperature metamorphism (cf. Tucker et al.
1998).

Somewhat older Early Devonian U-Pb and
Ph/Pb metamorphic zircon ages of 401 + 10 Ma
and 402 + 1 Ma. respectively were reported for
felsic high pressure granulites (O'Brien er al.
1997). For a mantle-derived garnet-peridotite

associated with the granulites. Brueckner et al.
{1996) obtained an identical age of 402 + 3 Ma
using the Sm-Nd method {Cpx—Opx-Grt-whole
rock isochron). Thesc ages were interpreted as
mineral growth ages during high pressure-
granulite facies pressure and temperaturc con-
ditions.

A single post-tectonic granitoid body in the
castern part of the GSB (Pilawa}, dated at 334 +
2 Ma (Pb/Pb zircon; Kroner & Hegner 1998), is
identical to an adjacent syn-tectonic granodior-
ite of the Niemcza Zone to the east (Fig. 1),
which vielded a Pb/Pb single zircon age of
334 + 2 Ma (Kroner & Hegner 1998) and aU-Pb
lower intercept zircon age of 338 +2/-3 Ma
{Oliver er al. 1993) from the same quarry at
KoZmice.

Late Varisgan activity in the GSB is docu-
mented by the Ar/Ar total fusion ages of two to
three grains of muscovite and biotite (Oliver &
Kelley 1993) which show a range of ages of
mylonitized gneisses between 337 + 13 Ma to
319 + 17 Ma. These are thought to provide a
very rough time estimate for movements on
mylonite zones bordering the GSB.

Orlica-Snieznik Dowme (OSD)

The protolith ages of orthogneisses in the OSD
have been determined on many zircons by the
U_Pb and Pb/Pb methods. Cambrian Pb/Pb
single zircon ages of c. 520 Ma were obtained
for felsic metaveolcanic rocks in the Stronie for-
mation and for the Gieratidw and Snieznik
orthogneisses (Kroner er al. 1997). which
intruded the Stronie Formation. However,
PhiPh zircon ages of 507 + 10 Ma, 503 + 4 Ma and
499 + 15 Ma were also reported as apparent
emplacement ages for their granitic protolith
(Kromer er al. 1994b). The differcnces arc
possibly caused by an influence of inherited
components. as revealed by U-Pb dating of
abraded zircons from the Snieznik gneiss dated
between 540 and 500 Ma (Borkowska & Dorr
1998), These results were confirmed by
SHRIMP U-Pb and Pb/Pb analyses on zircons
yielding ages of ¢. 500 Ma reflecting the age of
magmatic crystallization of the protolith and
540-530 Ma in a few inherited zircon cores for
both Snicznik and Gieraltéw gneisses (Turniak
e1 al. 2000). U-Pb zircon lower intercept ages
between 504 = 3 Ma and 488 +4/-7 Ma of
mylonitized $nieznik gneiss support a Cambro-
Ordovician emplacement of the gneiss protolith
(Oliver et al. 1993: Kroner e al. 1994b). The
Rb-Sr whole rock analyses of the Gierattow
gneiss vielded ages of 487 + 11 Ma (van
Breemen et al. 1982) as well as 465 + 35 Ma
and 164 + 18 Ma {Borkowska et al. 1990). both
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interpreted as protolith emplacement ages.
Some data record a Devonian metamorphic
event in the OSD: for example the Rb-Sr whole
rock age of 395 + 35 Ma on the Snieznik
augengneiss (Borkowska ef al. 1990}, the Rb-Sr
thin slab whole rock isochron age of 396 = 17
Ma and the U-Pb zircon lower intercept age of
372 £ 7 Ma both on Gieraltdw gneisses associ-
ated with eclogites, and nearly concordant U-Pb
zircon ages between 369 and 360 Ma on an
omphacite granulite assumed as the date of high
pressure-high temperature metamorphism
(Brocker et al. 1997).

Carboniferous ages of metamorphism were
documented in all the above-mentioned litholo-
gies or varieties respectively, Eclogite lenses
yielded Sm-Nd garnet—whole rock-(clino-
pyroxene) isochron ages. grouped between 352
and 326 Ma (Brueckner er al. 1991: Brocker et al.
1997) and the U-Pb zircon lower intercept age of
337 + 3 Ma was considered by Brocker er al
(1997) to date the late stage of high pressure-
mectamorphism. However, the SHRIMP analvses
on rims of the Gieraltéw gneiss zircons vielded
concordant age of 342 + 6 Ma (Turniak er al
2000) which is considered to record the high tem-
perature—low pressure metamorphism peak. The
Rb-Sr biotite-muscovite—whole rock (Snieznik
gneiss) and phengite-whole rock {cclogite:
Gierallow gneiss) isochron ages of 335 + 5 Ma
(Borkowska et al. 1990) and 333-329 Ma
(Brocker er al. 1997). respectively. fit into this
range.

The late Variscan history of the OSD was
dated by the YAr/Ar method. The "Ar/*Ar
plateau ages of 329 =+ 2 Ma {muscovite) and
328 + 2 Ma (biotite) were reported for the
migmatitic Gicraltéw gneiss; a muscovite age of
328 + 2 Ma for the mylonite Snieznik
augengneiss and a hornblende age of 327 + 2
Ma for the Lewin Klodzki amphibolites have
also been recorded (Steltenpohl er af. 1993). An
identical biotite plateau age of 328 = 3 Ma for
a migmaltitic gneiss in the Snieznik unit i1s given
by Maluski ef al. {1993). All these late Viséan
Ar/Ar ages were interpreted as uplift-related
cooling ages.

The youngest age in the OSD (313 = 3 Ma)
was obtained by the ¥*Ar/* Ar method on unde-
formed primary muscovite. It reflects a cooling
under static conditions after a late increase in
temperature (Maluski er ol 1995).

Analytical techniques

WArSYAr measurements

The mineral concenirates were prepared by
crushing, sicving. Frantz magnetic separation

and handpicking. Finally the minerals were
cleaned using ultrasonic treatment successively
in alcchol. acetone and distilled water.

According to the grain sizes, either mineral
concentrates (€ 250 pm) or single grains (> 250
um} were analysed. In the case of the mineral
concentrates, o, 100 mg of material encapsulated
in evacuated quartz vials were irradiated for 38
hours in the Osiris reactor in Saclay (France).
The single grain samples. wrapped in alu-
minium-foil packets were irradiated in the
McMaster reactor in Ontario {Canada) for
nearly 70 hours. The monitors were the MMhb-
1 hornblende standard (Alexander et all 1978)
with a recommended age of 5204 = 1.7 Ma
(Samson & Alexander 1987) and an internal
hornblende standard with an intralaboratory
age of 3445 + 3 Ma.

The *'Ar/*¥Ar analyses were completed at the
MAr™Ar Laboratoire de Géochronologie of the
Université Montpellier IT. The mineral concen-
trates were incrementally heated at first with a
resistance furnace followed by a Mo crucible
coupled with a high-frequency inductor for the
high-temperature steps. The isotopic measure-
ments were carried out on a highly modified
THN 205E noble-gas mass spectrometer.
Details of the analytical procedure are given in
Maluski er @l {1993) and Monié er al. (1994).

The single grain analyses were performed
using a LEXEL 3500 continuous 6W argon-ion
laser for step-wise heating and a MAP 215-30
noble gas mass spectrometer equipped with a
Nier source and a Johnston MM1 electron mul-
tiplier for the mass analvses. A detailed descrip-
tien is given by Monie er al. (1994, 1997).

The measured isotope ratios were corrected
for total system blanks, atmospheric contarmi-
nation. effects of mass discrimination, irradi-
ation induced mass interference due to Ca and
C1 and radioactive decay of ¥Ar and MAr iso-
topes. The age calculation is based on the
constants recormmended by the ‘IUGS subcom-
mission on geochronology’ quoted in Steiger &
Jager {1977) and cited by McDwougall & Harri-
son (199%). The reported lo-errors for plateau
and total ages include the uncertaintics of the
monitors and their YAr/Ar ratios. The
detailed results can be obtained from the
Society Library or the British Library Docu-
ment Supply Centre. Boston Spa, Wetherby,
West Yorkshire L5323 7BQ, UK as Supplemen-
tary Publication No. SUP 18179 (14 pages).

Eleciron microprobe analvses

Polished thin-sections was used for electron
microprobe studies. Analyses of mineral
chemistry were prepared on the Cameca SX100
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clectron microprobe at the University of Mont-
pellier IT. The operating conditions were a 20 KV
acceleration voltage, a 10 nA beam current and
a counting time of 30 s per element (peak and
background).

Results
YA Ar dating

Twenty-eight samples of crystalline rocks from
the West Sudetes were dated by the %A/ 9Ar
incremental step-wise heating technique (Figs 2.
3, 4). Depending of the mineral grain sizes.
either mineral concentrates {conventional tech-
nique) or single grains (laser technique) were
analysed.

From the East Lusatia (west of Bily Kostel) a
cataclastic granodiorite {the Zawid6éw-tvpe) was
analysed (sample SK30). It contains sericite
flakes (pseudomorphs after muscovites) and
relicts of chloritized biotite. A small (~ 300 ym)
sericile-muscovite single grain (SK30 #1) dis-
played an irregular complex age spectrum
whereas the second analysis of two sericite-mus-
covite grains heated together (SK30 #2) showed
an age spectrum with low-temperature steps
beginning at 152 + 23 Ma and increasing regu-
larly up to a platean of 323 + 6 Ma (87.3% of YAr
released).

From the Krkonoge-Jizera Terrane (KJT) 21
samples were analysed, including rocks of the
Izera Gneiss, Intra-Sudetic Fault Zone,
Krkonose-Jizera pluton, South and East
Krkono$e Complexes.

Two samples of biotite and muscovite rich
Izera gneiss near Siedlecin (Perta Zachodu)
were investigated: an undeformed metagranite
{sample SU353) and a sheared gneiss (SU33).
Single muscovite of the former sample dispiayed
a completely disturbed age spectrum lacking any
clear features. Muscovite from the sheared
gneiss (SU33) revealed a disturbed spectrum as
well, but, beside the scattering low-temperature
steps and one exceptional step at intermediate
temperatures of 366 Ma {representing the inter-
val of 39 to 55% of the released “AT) an age of
¢. 335-328 Ma is guite cvident. Two distinct
‘plateau ages’ were calculated. excluding the
step of 366 Ma, which yield ages of 335 + 3 Ma
and 328 + 3 Ma corresponding to 27.5% and
44.9% of the released ¥Ar, respectively. A coex-
isting sheared biotite yielded an overall plateau
age of 294 + 3 Ma, but with 1wo recognizabie
plateaus for the low- and high-temperature
steps, which are 289 + 3 Ma {54.8% released
Ar) and 301 + 4 Ma (42.8% released MAr),
respectively,

Two mylenites (samples SU39 and SU42)
from the Intra-Sudetic Fault {Pilchowice dam)
belonging to the KJT were analysed. A single
grain of muscovite from the sample SU39
vielded the plateau age of 324 + 3 Ma (93%
released *Ar) followed by two younger steps
and a final high-temperature step of 326 + 3 Ma.
The muscovite in sample SU42 displayed an age
spectrum beginning with seven scattered low-
temperature steps (9.4% of the released ¥Ar)
followed by an age plateau at 333 + 3 Ma, corre-
sponding to 68.6% of the ™Ar release and
ending with two high-temperature steps with an
integrated age of 339 + 3 Ma.

From the Krkonoge-Jizera pluton two granite
varieties, the Liberec-type granite and Tanvald-
type granite were dated, The former is a por-
phyritic biotite-monzogranite (sample SK207)
which provided a single biotite for analysis. The
obtained age spectrum displayed increasing low-
temperature steps (representing 20% of the
released “Ar) from 50 Ma up to 316 Ma. The
following age plateau comprising 16 heating
steps (70% of “Ar released) yielded age of
320 = 2 Ma. Two last high-temperature steps
reveal a slight decrease in ages to 315 Ma and
314 Ma. Single muscovite of the Tanvald-type
two-mica granite (sample SK208) records a well-
defined plateau age at 312 + 2 Ma {94.8% of the
released “YAT).

The following data were obtained on the set
from the South Krkonose Complex (SKC). From
the phyllonitized metagranite (sample SK3) near
Zelezny Brod eight very small grains (€ 200
um) of muscovite were analysed together dis-
plaving regular increment of ages until the total
fusion age of 350 + 4 Ma, representing 62.5% of
released *Ar, Zened phlogopite from an altered
olivine-pyroxene minette (SK4) Cross-cutting
the SKC metasediments after young apparent
ages in the first four low-temperatures steps
revealed ages between 321 and 327 Ma followed
by an age plateau at 314 = 6 Ma corresponding to
71.5% released “YAr.

From a metagabbro (3K7) sample from
LouZnice an amphibole (crossite overgrown by
aggregates of fibrous pale actinolitic hornblende
and actinolite) revealed a weli-defined age
plateau at 321 + 6 Ma after the first scattered
low-temperature steps corresponding to 10.Y%
of the released Ar.

Muscovite from a mylonitized Bitouchov
metagranite (SK8) showed a plateau age of
352 £ 6 Ma (93.4% released “Ar) whereas the
muscovite concentrate of a nearby greenschist
sample (SK9) from the Jizera River Valley
vielded a concordant plateau age of 344 + 3 Ma
{94.7% rcleased YAr).
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Fig. 2. ¥Ar/*Ar age spectra from the Lusatian Granitoid Complex and the Krkonode-Jizera Terrane.
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Fig. 4. “"Ar/YAr age spectra from the Krkonoge-Jizera Terrane. Gory Sowie Block and the Orlica-Snieznik

Dome.

From a bhanded metatuffite greenschist
sampled near Navarov Castle (SK13) four small
muscovite grains (160-250 pm) were dated
together, and after the first low-temperature
steps, displayed an age plateau at 323 = 6 Ma,
representing 70% of released Ar. This is fol-
lowed by an exceptionally high value of 418 Ma

after which the ages decreased abruptly and
ended in a total fusion age of 352 + 1 Ma.

From the western part of the SKC (close to
the sample site SK13) a large sericite flake pro-
vided by a Ordovician-Silurian sericite—quartz
metarhvelite tuff {(SK14} from the Kamenice
River was analvsed. The age spectrum showed
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increasing low- to intermediate-temperature
steps up to 335 Ma continuing in the age plateau
of 322 + & Ma equal to 57.1% of the released
*Ar. Mineral concentrates of phengite from the
sheared blueschist and phengitic muscovite in
sheared phyllite (SK21 and SK22, respectively)
near Vrchlabi yielded well-defined plateau ages
of 320 + 3 Ma (92.4% ¥*Ar release) and
322 + 3 Ma (89% released P Ar), respectively.

From the sheared Krkonose gneiss sampled at
the Elbe Dam, the muscovite concentrate
(SK24) was daled giving a plateau age of
313 + 3 Ma, corresponding to 92.5% rcleased
*Ar. A single grain of muscovite from the
sheared Krkonoge gneiss (SK25) sampled in the
Upa Valley near the Leszczyniec shear zone pro-
vided a plateau age of 323 + 6 Ma calculated for
96.6% of the ™Ar release. A single biotite sepa-
rated from massive coarse-grained porphyritic
metagranite (SK206) from the northeastern part
of the Krkonose gneiss body displayed consider-
able age discordance between the low- and
high-temperature steps. The intermediate tem-
perature gas fractions give an intcgrated plateau
age of 334 + 3 Ma representing 60.1% of the
released PAr,

From deformed Ordovician—Silurian con-
glomeratic quartzite (SK201) in the viciniiy of
the KrkonoSe orthogneiss in the Malé Labe
Valley, a muscovile concentrate was separated
and analysed. The obtained age spectrum
reveals a distinct age plateau at 340 + 6 Ma calcu-
lated for 72.1% 3Ar released.

Muscovite concentrate was analysed from the
strongly sheared and mylonitized porphyroid
(sample EK201) located in the Leszczyniec
shear zene in the East Krkono$e Complex
(EKC). The concenirate records the well-
defined plateau age of 334 + 6 Ma, correspond-
ing to 89.2% of the Ar release. Another
Ordovician-Silurian quartzite (SK202) near
Janské Lézné was dated on single muscovite
grain {(~1mm) and muscovite concentrate.
respectively. The latter vielded an age spectrum
with irregular low-temperature steps. termi-
nated in a flat age plateau at 336 = 6 Ma
{83.9% of the released *Ar). The single grain
records the age platean at 334 = 2 Ma, corre-
sponding to 90.1% of the released *Ar.

From the SW, part of the Gdry Sowie Block
(GSB) muscovite from the I); anatectic granite
(sample SU46, south of Walim) with sillimanite
lineation (ZelaZniewicz 1990} vielded the platcau
age of 359 + 3 Ma representing 96.3% of
released “Ar, The muscovite of sheared gneiss
(8U48) from a sinistral fault zone of the SW
margin of the GSB near Przygérze revealed
similar spectrum with the identical plateau age of

359 + 3 Ma (Y7.6% of ¥Arrelease). However, the
coexisting biotite displays the age spectrum with
irregularly increasing low-temperature steps up
to apparent ages slightly oscillating around
380 Ma. The integration of 90.5% released *Ar
give the ‘platean age’ of 381 + 4 Ma.

From the eastern part of the Orlica-Snieznik
Dome (OSD) four samples were dated: the
migmatitic Gierahdw gneiss (SU11), mylonitic
Gieraltdw gneiss (SU10), mylonitic Sniemik
gneiss (SU17) and orthogneiss (SU21) associ-
ated with eclogites from the transition between
Gierattéw and Snieznik gneisses.

Biotite concentrate of migmatitic Gierattéw
gneiss (SU11) NE of Radochdw displays an age
spectrum with considerable errors, due to very
small amounts of Ar released during the analy-
sis. The integrated plateau age of 333 + 7 Ma
was calculated for 90.5% of the released Ar.
The apparent younger ages in the initial low-
temperature and final high-temperature steps
matched higher Ca/K ratios, which suggest intra-
sample inhomogeoneity. The muscovite of the
mylonitic Gierattéw gneiss from a sharply
limited sinistral shear zone (SU10) in the
migmatitic gneisses (SUT1) displays an age
plateau at 321 = 3 Ma, representing 63.7% of
the relcased YAr, followed by scattered high-
temperature steps finishing at 333 = 1 Ma.

A large biotite flake {300 um} of the myloni-
tized Snieznik gneiss at Idzikow (SU17) records
an age spectrum with increasing low-tempera-
ture steps from 73 to 329 Ma, succeeded by the
age plateau at 334 + 3 Ma, corresponding to
54.6% released *Ar. The following high-
temperature steps scatter between ages of 366
and 333 Ma terminating with a total fusion age
of 343 = 2 Ma. A single white mica (phengite)
of the high pressure-orthogneiss at the SE end of
Migdzygorze (SU21) displays the age plateau of
340 + 4 Ma, corresponding to 82.2% rcleased
WAr,

Additional electron microprobe
investigations

The blueschist white mica samples occurring on
foliation planes or as inclusions in carbonates
(from the vicinity of Vrchlabi, SK21) were
analysed by electron microprobe (Table 1). The
results are plotted in the Si v. Al diagram (sce
Fig. 5). The foliation plane white micas are
phengites with high Si contents of 3.37 to 3.49
per formula unit {f.u.). In comparison, the white
mica inclusions in carbonate yielded somewhat
lower Si (f.u.) contents of 3.31 to 3.40; although,
they are also regarded as phengites. Two white
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Fig. 5. Si/Al (f.u.) diagram for white micas of the blueschist sample SK21 showing the microprobe results of
micas occurring in the foliation planc or as inclusions in carbonate. respectively.

mica inclusions show paragonitic composition
that, as regards metabasites, indicate an earlier
blueschist facies metamorphic episode (Guidott:
1984). Considering a temperature range of
300-300 °C for the blueschist facies in the South
Krkonose Complex {Patocka er al 1996: Kryvza
1998) the pressurc-conditions are cstimated at
more than 10 kbar.

Discussion and interpretation of the
WA Ar ages

The mineral plateau ages are interpreted to date
last cooling through appropriate temperatures
necessary for intracrystalline retention of argon.
Although these so-called closure temperatures
arc variable and hard to define (e.g. Villa 1997:
McDougall & Harrison 1999}, ‘nominal’ values
of closure temperatures are used in most
geochronological studies. The applied tempera-
tures are typically €. 500 “C for hornblende {Har-
rison 1981), 350 "C for muscovite {e.g. Purdy &
Jiger 1976) and 300 °C for biotite (e.g. Hodges
1991).

Lusatian Granitoid Complex (LGC)

The Early Cambrian cataclastic Zawidow-tvpe
granodiorite (540 Ma, U-Pb zircon: Korytowski
et al. 1993) from the southeastern part of the
LGC reveals highly disturbed “'Ar/™Ar age
spectra on recrystallized muscovites {SK30#1)
due to partial resetting of their K-Ar systems
during sericitization related (o the later catacla-
sis. However, the completely reset sericite flakes

(SK30#2) date cataclastic deformation at
323 = 6 Ma (Viséan/Namurian).

KrkonoSe-Jizera Terrane (KJT)

The results from the KJT distinguish several
prominent age intervals: 352-350  Ma,
344-340 Ma. 336-333 Ma. 324-320 Ma and
314-312 Ma (Fig. 6). The following discussion is
subdivided into these age groups.

352-350 Ma and 344-340 Ma The oldest
WALMAT apes were obtained from strongly
mylonitized metagranites of the South
Krkonode Complex (SKC). In the analyscd
metagranite samples (SK3 and SK8) the box
shaped quariz ribbons and plastic recrystalliza-
tion of quartz indicate elevated temperatures in
the range of 400450 °C during deformation cor-
responding 1o higher greenschist facies meta-
morphic conditions. The samples provided ages
of about 352-330 Ma, interpreted as cooling
after mylonitization during tectonic exhumation
and thrusting after the high pressure event
While SK& showed a concordant age plateau at
352 = 6 Ma. SK3 vields younger apparent ages in
low- to intermediate-temperature steps due 1o
partial diffusion after the tectonothermal event
at 330 £ 4 Ma. This partial diffusion probably
took place during uplift-related greenschist
facies metamorphism which ceascd at ¢. 340 Ma
as indicated by *'Ar/¥Ar ages of 344 = 3 Ma pro-
vided by the metavolcanic greenschist (SK9) of
the SKC and 340 = 6 Ma measured on the ductile
deformed conglomeratic quartzite (SK201)
overlving the Krkonoge gneiss, These ages are
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consistent with the WAr/*’Ar age span of
345-340 Ma from the EKC {Ry¥chory Moun-
tains), which is mterpreted as the age of the
greenschist facies retrogression after the high
pressure-low temperature event {Maluski &
Patocka 1997).

336-333 Ma Ages between 336 and 334 Ma
were obtained from the slightly deformed
Krkonose gneiss sample (SK206) with only
poorly developed foliation as well as from rocks
of the East Krkonoge Complexes involving the
strongly sheared quartzite sample (SK202) with
a prominent NW-SE oriented lincation dipping
moderately to the SE, and the myvlenitized por-
phyroid (EK201) of the Leszczyniec shear zone.
The similar ages of biotite and muscovite indi-
cate relatively rapid cooling through their
appropriate closure temperatures. As both
nearly undeformed and mylonitized samples
vielded the same ages, some local shearing and
deformation under greenschist facies conditions
may be assumed as results of the same event.

he legend and explanations sce Figure 1.

These ages arc interpreted to date nappe thrust-
ing in the South and East KrkonoSe Complexes.

In the zastern part of the KIT. the lzera gneiss
{sheared variety) provided the mica ages reflect-
ing the Viséan tectonothermal overprint.
However. the seriously disturbed age spectrum
of the sheared gneiss sample (SU33), suggests
that an excess of Ar may have been incorpor-
ated. Provided that the calculated ages of
335 = 3 Ma and 328 + 3 Ma represent the timing
of a distinct tectonothermal event, it has to be
decided whether they correspond to either post-
deformational cooling throughout widespread
greenschist facies metamorphism or subsequent
local shearing in the Tzera gneiss body. The
interpretation of this age has to remain not
unequivocal because both microfabric studies
and the data on the coexisting sheared biotites
failed to give any further information. The latter
revealed a disturbed age spectrum indicating
partial loss of Ar. The apparent ages of
301 = 3 Ma and 289 = 3 Ma are therelore
rcgarded as minimum ages which probably
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post-date the latest granite intrusion of the
Krkonoe-Jizera pluton (310 + 5 Ma: Mierze-
jewski et al. 1994; 304 + 14 Ma: Kroner er al.
19944; 312 + 2 Ma: this work).

In the northern part of the KJT two mylonites
from the Intra-Sudetic Fault (ISF) (Pilchowice
dam) provided muscovites yielding distinct
plateau ages of 333 = 3 Ma (SU42) and
324 = 3 Ma (SU39). Taking into account more
pronounced shear strain features of the sample
SU3%1in a comparison with SU42, the age differ-
ence may indicate that during the shearing SU39
experienced also higher temperatures sufficient
for opening/resetting of the muscovite K-Ar
system at 324 + 3 Ma.

Howcver, the above described ages may
reflect several different stages of (re)activation
of the ISF (e.g. Aleksandrowski et al. 1997), The
latier interpretation is supported by the appar-
ent age given by the last two high-temperature
steps in the age spectrum of sample SU42
(339 £ 3 Ma) that is comparable to the age of the
greenschist overprint in the EKC and SKC.

According to the Ar/Ar data from the SKC.
EKC, Krkonose and lzera gneisses, ubiquitous
early Viséan (344-333 Ma) greenschist facies
metamorphism associated with local shearing
and thrusting dominated in the KJT during
exhumation processes following the high
pressure—low temperature cvent.

324-320 Ma Most of the ages are grouped
between 324 Ma and 320 Ma. The example is the
previously mentioned mylonite age from the
internal part of the ISF at the eastern border of
the Izera gneisses of 324 + 3 Ma. In the SKC the
sheared metatuffite greenschist (SK13) and
weakly deformed metagabbro (SK7) reveal
plateau ages of 323 + 6 Ma and 321 = 6 Ma.
respectively. The metatuffite underwent a green-
schist facics overprint with subsequent strong
shearing. The platcau age of 323 + 6 Ma dates the
time of shearing whereas the last high-
temperature-steps of the Ar-release spectrum
reveal an age of 352 + 1 Ma which may represent
a record of the onset of exhumation and thrust-
ing according to the ages from the metagranites
of the SKC. The metagabbro contains indicators
{Na-amphiboles) of a former high pressure event
which was overprinted under greenschist facies
conditions. By comparison with the age of the
deformed metatuffite the plateau age of the
slightly  deformed metagabbro  (SK7)  is
320+ 6 Ma and must date either shearing or some
late deformation.

In the connecting belt between the South and
East Krkonose Complexes the samples of glau-
cophane blueschist (SK21) and encompassing

graphite-sericite phyllite (SK22) were taken.
Both samples retrogresed under greenschist
facies conditions, and experienced later shear-
ing, too. The blueschist and phyllite white micas
are phengites and phengitic muscovites, respee-
tively (see above). The ages of 320 + 3 Ma and
322 + 3 Ma provided by the micas are inter-
preted as records of late shearing. From the SKC
also the sericite-quartz metarhyolite tuff sample
(S§K14) revealed an identical age of 322 + 6 Ma.
The strongly sheared metagranite sample
(SK25) from the southeastern part
of the Cambro-Ordovician Krkonoge gneiss
(509-490 Ma; Kréner er al. 19945, 1997) adjacent
to the Leszczyniec shear zone vielded a well-
defined age plateau of 323 + 6 Ma, which is evi-
dence of complete resetting during the shear and
fault movements,

An identical *"Ar/MAr age (320 + 2 Ma) was
obtained on the sample SK207 (biotite) from
the Krkono3c-Jizera pluton (Liberec-type
granite). The biotite age, representing the
closure of the K-Ar svystem at a temperature of
¢. 300 = 50 °C (¢.g. Hodges 1991), constrains an
emplacement and cooling of the granite
throughout the late Variscan shearing men-
tioned above and corresponds to results on the
magnetic fabric of the Krkonoge-Jizera pluton
(Diot et al. 1995) as well as to the description of
WXNW-ESE trending feldspar lineation by
Cloos (1925). These structural features indicate
that both the granite and in its metamorphic
envclope shared deformations. The biotite
cooling age fits with the lack of contact meta-
morphism along the ISF (e.g. Mierzejewski &
Oberc-Dziedzic 1990). The contact metamor-
phism with conditions of temperature above
600 *C and pressure below 2 kbar (Alek-
sandrowski er al. 1997) was older than the
biotite cooling at c. 320 Ma whereas the semi-
brittle and britile left-lateral displacements
along the ISF were the youngest process.

According to the above results, small- to
large-scale shear and thrust movements took
piace in the KJT between 324-320 Ma close to
the Viséan/Namurian boundary.

314-312 Ma The youngest ages were obtained
on the Tanvald-type granite (KrkonoSe-Jizera
pluton), the minette dyke cross-cutting the SKC
metasediments, and sheared metagranite from
the northwestern part of the Krkonose gneiss
nearby the Krkono$e-Jizera pluton. The ideal
age plateau of 312 = 2 Ma of a large muscovite
{»2mm) of the Tanvald-type granite (SK208)
from the SW border of the Krkonose-Jizera
pluton dates the cooling after a later magmatic
pulse than the Liberec-type granite intrusion.



THE “AR/MAR AGES FROM THE WEST SUDETES 149

This age matches with the Rb-Sr whole rock
ages of 310 + 5 Ma obtained for the fine-grained
variety (ridge-type granite) of the Krkonode-
Jizera pluton (Mierzejewski et al 1994). The
muscovite of the Tanvald-type granite. which is
considered to be the oldest granite generation of
the KrkonoSe-Jizera pluton (e.¢. Klominsky
1969), may be reset as the result of the late mag-
matic pulse dated at 312 = 2 Ma. The late or final
magmatic pulse generated the dvkes cross-
cutting the SKC metasediments (Ptak 1962).
The postmetamorphic and postdeformational
dykes are represented by the minette (SK4: phl-
ogopite) dated at 314 + 6 Ma. They correspond
to the final stage of Variscan magmatic and
lectonometamorphic processes.

The sample SK24 prescnts a complex history.
Despite its belonging 1o sheared Krkonofe
gneiss, the age of its muscovite is much vounger
(313 + 3 Ma) than the defined age of shearing in
the KIJT (324-320 Ma). Its proximity to the
youngest fine grained granite facies may explain
a complete resetting of the small muscovites
{160-250 pum) which occurred within tempera-
ture conditions high enough for such a process.
but not sufficient te create contact metamorphic
mineral growth.

Gory Sowie Block (GSB)

The syntectonic granite mobilisate (SU46)
vielded a muscovite age of 359 = 3 Ma. This
cooling age supports the conclusion of a late
Devonian high temperature—medium pressure
metamorphism occwrring in the GSB, as pro-
posed by Brocker ef al. (1998) and Timmermann
et al. (2000) who found the ages of 372 + 3 Ma
(Rb-Sr isochron) and 378 = 2 Ma (U-Pb mon-
azite), respectively. Our result, linked to these
ages contradicts the interpretation of Kroner &
Hegner (1998) based on a Pb/Pb zircon evapo-
ration age of 473 + 2 Ma.

The sheared gneiss (SU48) from an oblique
sinistral shear zone on the SW margin of the GSB
near Przygérze yielded the identical muscovite
age of 359 + 3 Ma identical to that of the svntec-
tonic granite mobilisate. The shearing, which
overprinted the earlier amphibolite facies
dextral strike-skip event. took place under low-
temperature greenschist conditions (biotite was
substituted by chlorite and quartz behaved plas-
tically) which were insufficient to reset the K-Ar
system of the muscovite. Therefore this age is
also interpreted as the date of an uplift related
cooling postdating the peak metamorphism. The
coexisting biotite yielded the *older plateau age’
of 381 + 4 Ma. The calculation of the corre-
sponding inverse isotope correlation age yvielded

372 + 4 Ma with an inverse ordinate intercept
(MAr/*Ar ratio) of 564 + 224, This could suggest,
although the isotope correlation is not well
defined (MSWD = 8.8), an intracrystalline con-
tamination with excess argon components. An
alternative cxplanation of the apparent plateau
age (which is even older than the U-Pb monazite
ages) would be the K-loss during chloritization of
the biotite leading to erroneous higher ‘age’
values.

Orlica-Snieinik Dome (OSD)

The *'Ar/9Ar age results from the Snieznik
Massif, in the eastern part of the OSD, range
between 340 and 321 Ma.

The early Viséan white mica (probably phen-
gite) age (340 = 4 Ma) obtained on a high
pressure orthogneiss (SU21) (associated with
eclogites) corresponds with a SHRIMP result on
zirconrims of a migmatitic Gieraltdw gneiss (342
+ & Ma) which is interpreted to be close to the
high temperaturc—low pressure peak metamor-
phism (Turniak et al. 2000). These coincidental
zircon and white mica ages imply fast cooling.
and represent the time of uplift and decom-
pression after older high pressure and high
temperature events,

Biotites scparated from the samples of the
mylonitic Snieznik and migmatitic Gierattéw
gneisses (SU17 and SU11) vielded ages of 334 =
3 Ma and 333 + 7 Ma, respectively. Both ages
represent the continuation of uplift-related
cooling since biotites are less Ar-retentive (i.e.
lower closing temperatures) than the white
micas dated at 340 Ma (SU21). Therefore the
minimum age of the Snieznik gneiss mylonitiza-
tion is 334 =+ 3 Ma. The equivalent age shown
by the migmatitic Gierattéw gneiss (SU11) con-
firms this mid-Viséan uplift-related cooling, and
is consistent with previousty published data from
the OSD (see Review of geochronology).

The sample of mylonitic Gieraltéw gneiss
{SU10) from a sinistral shear zone (lineation
240/15) exposed about ten metres from the
sample SU11 viclded a muscovite age of 321 + 3
Ma. Regarding the older biotite age of the
mylonite country rock, this age is considered as
the time of movements in this discrete shear zone.
Consequently it is evidence for the very limited
extent of the early Namurian shearing.

Several samples show low-temperature extrac-
tion ages (samples: SK4, SK7, SK30, SK207.
SU1L1. SU17. SU35) suggesting a post-Palacozoic
overprint in the northeastern Bohenmian Massif.
Comparable ¥ Ar/* Ar ages from this region have
been interpreted as thermal pulse related to the
Alpine—Carpathian orogeny (Maluski et al. 1995).
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Conclusions: Variscan tectonothermal
development in the West Sudetes

The West Sudetes arc a complex mosaic of peri-
Gondwanan crustal fragments or terranes that
arc considered 10 be members of the recently
termed Armorican Terrane Assemblage {Tait er
al. 1997). Tts components were welded together
by closing intervening narrow basins {seawavs)
and oceans due to series of mutual collisions as
wcll as collisions with Baltica (+ East Avalonia)
culminating in the Variscan orogeny,

The closure of the intervening scawavs by
oceanic lithosphere subduction was associated
with high pressure metamorphism. The oldest
high  pressure-high  temperature  cvent
(15-20 kbar, 900-1000 "C} in the West Sudetes
was datcd at 402 Ma (Early Devonian) on felsic
granulites and garnet peridotites of the Gory
Sowie Block (Brucckner er all 1996: O Brien er
al. 1997). Subsequently. an amphibolite-facies
(i.e. high temperature-medium pressure) meta-
morphism associated with widespread migmati-
zation at temperatures of about 700-730 “C and
pressures of around 4-5 kbar affected the gran-
ulites and peridotites as well as the surrounding
migmatite gneisses {Zclazniewicz 1995). The
peak of the later metamorphic event is dated
around 380 Ma (van Breemen er af. 1988;
Bricker eral. 1998; Timmermann er al. 2000). i.e.
to the earlicst Late Devonian (Frasnian) (cf.
Tucker et al. 1998). Rh-Sr ages between 374 and
360 Ma (van Breemen ¢r al. 1988: Brocker ef af.
1998) and MAr/YAr data of 35% Ma (SU46.
SU48) indicate a post-peak metamorphic
cooling down fo temperatures of around 330 °C
{nominal muscovite blocking temperature for
Ar, e.g. Purdy & Jager 1976). and evidence cf a
rapid Famennian uplift of the GSB after the pre-
ceding early Frasnian amphibolite facies event,
This is the final stage of metamorphism in the
GSEB. Following the Late Devonian the GSB
became the source area of conglomerate
sequences in the adjacent sedimentary basins
{Zelaniewicz 1997; Krvza er al. 1999).

The Famennian uplift of the GSB was con-
temporaneous with the subduction-related
blueschist facies metamorphism in the EKC ter-
minating at about 365-360 Ma {Maluski &
Patocka 1997). Eclogite facies metamorphism in
the OSD where U-Pb zircon ages in the span
between 372 and 360 Ma mav define the time of
high pressure-high temperature metamorphic
episode (Brocker er al 1997).

The pressure and temperature conditions in
the high pressure units of the EKC (Rychory
Mountains} and OSD (Migdzyveorze and Zicte
units) are quite different. In the Ry¥chory Moun-
tains the blueschist facies metamorphism was

estimated at T = 300-500 °C and P = 7-10 kbar
(Patocka er al. 1996; Kryza 1998) whercas the
eclogites in the OSD underwent UHP metamor-
phism in & continent-continent collisional
regime at around 660-800 *C and above 27 kbar
(Bakun-Czubarow 1989, 1992; Brocker &
Klemd 1996). The uitra high pressure event in
the OSD was followed by isothermal decom-
pression and cooling from eclogite to amphibo-
lite facies conditions of T = 600-630 "C and
P = 4-11 kbar (Brocker & Klemd 1996;
Kozlowski & Bakun-Czubarow 1997).

The U-Pb and Sm-Nd data that cluster
around 340 Ma (early Viséan) are considered to
be the final stage of high pressure and tempera-
ture metamorphism (Brocker ef al. 1997) or as
close to the peak of a distinct high tempera-
ture—low pressure overprint (Turniak er af.
2000). respectively. In a combination with the
identical MAr/™Ar result of 340 Ma on the
sample SU21 these ages are interpreted to be a
censequence of rapid uplift and decompression
during thrusting in east to NE direction (e.g.
Turniak er af. 2000). This deformation continued
through middle Viséan times under greenschist
facies conditions as documented by cooling ages
of 334-333 Ma on the samples SU11, SU17 and
the earlier published Rb-Sr and Ar/Ar data
grouped between 335 and 328 Ma (Borkowska et
al. 1990: Steltenpohl er al. 1993; Maluski e al.
1995 Brocker er al. 1997).

In the KJT the blueschist facies metamor-
phism of the latest Devonian age was rapidly fol-
lowed by tectonic exhumation and thrusting of
once deeply buried crustal slices at around
350 Ma (early to middle Tournaisian) producing
the uplift-related greenschist facics metamor-
phism dated at 345-340 Ma (Maluski & Patocka
1997 Marheine et al. 1999). Thrusting and defor-
mation under greenschist facies metamorphism
produced by propagation of the Variscan oro-
genic front generally from east to west direction
in the KIT (e.g. Kachlik & Patocka 1998) was
dated between ¢. 345 and 335 Ma. The propa-
gation of the orogenic wedge is shown by the
decrease of metamorphism from a garnet zone
on the cast to a chlorite zone on the NW and by
diminishing ages of flysch scdimentation onscts
(Kachlik & Patocka 1998, 2001). The vounger
ages (of ¢. 335 Ma) occurring in the eastern part
of the KJT may be also interpreted as out-of-
sequence-stacking at the back of a thrust belt
{€.g. Plesch & Oncken 1999), where still decply
puried and thercfore hot material was uplifted
and thrust over an already cooled nappe-pile.
During this stage the dextral strike-slip ISF zone
was activated. In a more general interpretation
the KJT. comprising the Izera gneiss. Krkonoge
gneiss. EKC and SKC underwent a pervasive
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early to middle Viséan greenschist metamor-
phism with localized shearing and thrusting
between 345 and 335 Ma.

The comparison of A1/ Ar ages from the
KJT and OSD reveal coeval uplift and decom-
pression in both complexes. The KIT is inter-
preted as a pile of parautochthonous 1o
allochthonous slices thrust to the NW on the
Saxothuringian foreland in Early Carboniferous
times, while the OSD is stacked in an east to NE
dircetion on the Moravo-5iicsian nappe-pile
(e.g. Schulmann & Gayer 2000: Turniak er al
200(1). The overthrusting of both complexes on
their forelands 1s related to microcontinent col-
lisions in the West Sudetes (e.g. Maluski &
Patocka 1997; Cymerman ez of. 1997: Kachlik &
Patoc¢ka 2001},

Subsequent early Namurian (323-320 Ma)
small- to large-scale shear movements including
thrusting, strike-slip and normal faulting.
affeccted the OSD and KIT as well as the ISF
zone and the eastern part of the LGC. These
major late Variscan processes modified the
dominant composed NW-SE directed lincar
fabric of the KJT. reactivated the ISF. and gener-
ated the contemporancous emplacement of the
late-tectonic KrkonoSe-Jizera pluton {biotite
WA Ar cooling age: 320 + 2 Ma).

The latest magmatic and tectonometamer-
phic processes in the KJT are dated at
314-312 Ma (Namurian/Westphalian bound-
ary). This limit is set both by the intrusion of the
latest Krkonoie-Jizera pluton related dvke
(represented by the post-tectonic minette) and
the age of the contact aurcole of the pluton
(within the adiacent contact metamoerphoesed
gneiss). An identical YAr/ ' Ar age obtained on
post-deformational muscovites from the OSD
rocks reflects cooling under static conditions
(Maluski et al. 1995).

In conclusion, the prominent earlv Namurian
(325-320 Ma) localized shear and thrust move-
ments accompanied {and followed) by NW-SE
oricnted extension (c.g. Mazur & Kryza 1996)
resulled in juxtaposition of the distinet KJT
tectonometamorphic units. The corresponding
ages of the shear movements in the OSD give
cvidence for coeval lectonic processes over large
paris of the West Sudetes. Thus the juxtaposi-
tion of the diversified West Sudetic terranes iook
place during early Namurian times and the
termination of tectonometamorphic processes is
constraincd at thce Namurian/Westphalian
boundary.

The distribution of "Ar/*YAr ages in the West
Sudetes reflects the complexity of the Variscan
polvphase deformation and metamorphism
ranging from verv low-grade to eclogite
facics. The Famennian subduction-related

eclogitesblueschist metamorphism may be inter-
preted as recording closure of narrow seaway(s)
between fragments of the Armorican Terrane
Assemblage (ATA). That would have required
an amalgamation of members of the ATA prior
to their final collision with East Avalonia and
Baltica. respectivelv, which commenced in the
Tournaisian (e.g. Stoppel & Zscheked 1971;
Marheine 1997: Franke 2000). The interpre-
tation is supported by the presence of wide-
spread Famennian subduction-related high
pressure—low temperature metamorphism along
the Armorican Terrancs from Malpica-Tuy in
the northwestern Iberian Massif (e.g. Sanlos
Zalducgui er af 1995 Rodriguez Aller ef al
19973 through the Tle de Groix and Champto-
ceaux in the Armorican Massif (e.g. Ballevre ef
al 1999, 2000: Bosse er al. 2000, 2001) to the East
Krkonoie Complex in the Bohemian Massil. All
these parts of the ATA subsequently underwent
broadly svnchronous deformation and thrusting
during Viséan exhumation processes provoked
bv joint accretion and the docking with East
Avalonia and Baltica.
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