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1 Zusammenfassung fur Fachfremde

Ziel dieserArbeit ist es mithilfe von geachemisdien und isotopengeobemi-
sden Daten Aussagenuber dasAlter und den Ursprung von Grundgebirgs-
einheitenin den Zertralen Westlichen Karpathen zu tre en.

Grundlagezur Bestimmung desAlters dieserGesteinebildet die Einzelzir-
kon U-Pb Methode, wofur Uran und die Bleiisotopie von Zirkonen massen-
spektrometrisch bestimmt wird. Fur die geachemisde Klassi zierung der
Einheiten wurden hauptsadclich die SeltenenErd Elemerte (SEE) und diera-
dioaktiven Uran-Blei, Rubidium-Strontium und die Samarium-Neaym Zer-
fallsystemeberutzt.

Die Karpathen bilden die estliche Fortsetzung der Alpen. Sie wurden
wie diesewahrend der Alpinen Gebirgsbildung (Orogenese)ufgefaltet. Der
alpine Gebirgsgirtel ertstand in geologish relativ junger Zeit zwisden 120
und 60 Millionen Jahren vor heute durch die Kollision der Afrikanisdien
Platte im Suden mit der Eurasistien Platte im Norden. Weahrend dieser
Gebirgsbildungwurden durch die Intrusion von Graniten neue Gesteinege-
bildet (z.B. Poller et al., 2001b)und bereits vorhandeneGesteinedurch De-
formation und Metamorphosem Ausseherund Zusammensetzungerandert
(z.B. Janak et al., 2001b). Der Grossteil der Gesteineder Zertralen West-
lichen Karpathen sind jedoch erheblich alter.

Die Zentralen WestlichenKarpathen kennenin drei untersciedliche Grund-
gebirgseinheitereingeteilt werden, von denenzwei im RahmendieserArb eit
bearbeitet wurden:

Im Nordwesten,zwisthen der HohenTatra und den Kleinen Karpathen auf-
gestilossen, nden sich magmatishie Gesteine, die gressterteils als Gran-
ite klassi ziert werden. Diese Gesteinegelshren zu der Tatrischen Einheit
und wurden, wie z.B. in Poller and Todt (2000) gezeigtwird, wahrend der
Variskisthen Gebirgsbildungzwiscien 400Ma und 310Ma vor heutegebildet.

XV



Zusammenfassung fer Fachfremde

Nad Sudenansdiliessendnden sich zum einemleicht deformierte Gran-
ite, zum anderenstark deformierte und mberpragte Gneisseund Amphibo-
lite, welthe zu der Veporischen Einheit gezhlt werden. Die Granite kennen
gresstenteilsebensoder Variskishen Gebirgsbildungzugeordnetwerden, je-
doch sind Teile dieserEinheit erheblid alter als die Gesteineder Tatrischen
Einheit. Geochronologistie Daten zu diesenGesteinenexistierenkaum. Der
erste Teil der Arbeit besthaftigt sich daher mit der Entwicklung und dem
Alter der Veporischen Grundgebirgseinheitenund mit den geahemisdien
Veranderungen,den die Alpine und die Variskisthe Gebirgsbildungin diesen
Gesteinenverursatt haben (Kapitel 2 und 3).

Als sudlichste Grundgebirgseinheitsdliesst die Gemeristie Einheit an.
Siebesteh hauptsadlich ausSedimenen, welche ausvulkanistiem Material
ertstanden sind. Das Alter der Sedimere kann anhand von Mikrofossilien
als Freh-Palaeozoishk, also zwisden 500 und 400 Ma vor heute, bestimmt
werden (z.B. Vozarova et al., 1998). Die sedimenearen Gesteine,die leicht
metamorph eberpragt sind, werdenvon einigenGraniten durchsdilagen. Sie
haben jedoch einenanderenCharakter als die Granite, die in der Tatrischen
und der Veporischen Einheit vorkommen. Sie weiseneinenhohen Anteil an
Turmalin auf und zeidnen sich durch hohe Gehalte von seltenenMetallen
wie Niob, Tantal und Zinn aus. Das Alter der Granite, wie in Kapitel 4
gezeigtwird, ist vergleihisweisejung und liegt bei 250 Ma vor heute. Somit
sind dieseGranite wahrend dem Perm ertstanden.

Am Ende dieser Arbeit werden Details zur Analytik und Auswertung
von Bleiisotopendaten gegelen (Kapitel 5). Die kombinierte Methodik zur
Bestimmung der Strontium und Neodym Isotopie und der Seltenerdelemetn
konzerrationen, wie sie wahrend dieser Arbeit verwendet wurde, wird in

Kapitel 6 besdirieben.

XVI



2 Zusammenfassung

In dieserArb eit werdengeahronologisdie und isotopenge@hemisdie Daten
zur Entwicklung der Zertralen WestlichenKarpathen praseniert. Die Karpa-
then bilden die estliche Fortsetzung der Alpen und kennenin drei Alpine
Grundgebirgsdeken unterteilt werden, von denenzwei, die Veporische und
die Gemeristie, bearbeitet wurden. In der Veporisdhen Einheit wurden poly-
metamorpheGrundgebirgseinheiteruntersucdt, um derengenaueAltersstel-
lung zu de nieren und sie isotopenge@hemisd zu klassi zieren. Dagegen
wurde in der der Gemeristien Einheit, welche die Veporisthe Einheit uber-
lagert, ein spezialisierter S-Typ Granit im Detail untersuct, um die pet-
rogenetisben Prozesse,die zur magmatisdien Entwicklung diesesGranits
getihrt haben, zu iderti zieren.

U-Pb Datierungen an Zirkonen der Veporischen Grundgebirgseinheiten
zeigenfur die gesante Veporische Einheit ordovizisthe Entsehungsalter an
(440-470Ma). DieseDatierungen revidieren publizierte kambrische Entste-
hungsalter diesesGrundgebirges.Die Isotopensignatur( N d und 8/Sr=8¢Sr)
der ordovizischen Grundgebirgseinheiten,bestehendaus stark mberpragten
Amphiboliten und Gneissen,ist von der Signatur der sich im Norden an-
sdiliessendenTatrischen Einheit gut unterscheidbar. Die Blei-isotopenzu-
sammensetzunglieser Gesteineist stark krustal gepragt und ebersdineidet
sich mit der der Tatrischen Einheit. Zusammenmit den T)¢ Altern sind
dieseEinheiten vergleihbar mit pravariskishen Einheiten der Alpen. Somit
kann dasordovizische Grundgebirgezu denperi-Gondwana Terranengezhlt
werden, die an einem aktiven Kontinentalrand im Norden von Gondwana
gebildet wurden.

In den Gesteinender Veporisthen Einheit wurde im Weiteren eine starke

metamorphe Uberpragung und intensiver felsiséier Magmatismus karbonis-
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Zusammenf assung

chen Alters erkannt (320-350Ma). DiesesEreignis ist zeitgleidh mit dem
Magmatisnus, welcher hauptsadlich in der sich im Norden ansdiliessenden
Tatrischen Einheit beobaditet wird. Diesergehort der variskisdhien Oroge-
nesean.

Intensive alpine Deformation und Metamorphosekonnte in der sudlichen
Veporischen Einheit anhand der Einzelzirkondatierungenund der Isotopen-
daten der ordovizischen Einheiten nachgewiesenwverden.

Am Dlha Dolina Granit in der Gemeristien Einheit kennenstarke Frak-
tionierungs- und Auto-Metasomatose-E ekte beobattet werden. Durch die
magmatisdie Fraktionierung wird eine Anreicherung der SEE erzeugt,woge-
gendie Metasomatosedie SEE stark verarmt. Es kommt sogarzur Ausbil-
dung einesTetraden E ektes im SEE Muster, welche den starken Ein uss
von Fluiden wahrend der spat-magmatistien Phasebelegt. Gesantgesteins
Pb-Pb Daten bes&iranken das minimale Intrusionsalter diesesGranites auf
240Ma. DiesesAlter ist in guter Ubereinstimmung mit den Sr-Isotopendaten
der magmatisd dominierten Gesteine,wohingegendie stark metasomatist
gepragten Gesteineein zu radiogenes®’Sr=8Sr;,; aufweisen.

Wahrend dieser Arbeit wurde intensiv mit der Blei-Isotopenzusammen-
setzungvon Gesantgesteinsprolen gearkeitet. Um die Auswertung dieser
Daten optimieren zu kennen wurde ein Computerscript fur das GPL Pro-
gramm Octave erstellt. Die Hauptaufgabe diesesScripts besteht darin, Re-
gressioneriur geahronologistie Anwendungengema  York (1969)zu beret-
nen. Ausserdemkennen und -Werte fur dieseRegressionemeretinet und
eine Hauptkomponertenanalyse,weldhe hilfreich fur den Vergleid von zwei
Datensatzen ist, durchgetihrt werden.

Am Ende der vorliegendenArb eit wird die analytische Methode fur einen
Mikrowellen beshleunigten Saureaufsbluss von granitoidem Material zur

Bestimmung der Sr- und Nd-Isotopenzusammensetzungind der Elemert-
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Zusammenf assung

konzentrationenvorgestellt. Diesekombinierte Methode nutzt ein TIMS fur
die Sr und Nd Isotopenmessungenind eine Einzelkollektor-ICPMS zur Bes-
timmung der SEE, Rb und Sr Konzertrationen, weldhe mithilfe von relativen
Sensitivitatsfaktoren gegember einem internen Standard quarti ziert wer-
den. DieseMethode wird durch Messungernvon internationalen Referenzma-
terialien bewertet. Die Ergebnissezeigeneine Reproduzierbarkeit von < 10%

fur die Elemertkonzerrationen und von <5% fer Elemertverhaltnisse.
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3 Abstract

This study presens geahronologicaland geahemical data for the ewolution
of the Certral WesternCarpathians. The basemen units of the Veporic unit,
one of three Alpine basemenh nappes, are mainly studied during the course
of this work. In this unit the poly-metamorphic basemenh was studied to
clarify its age and to classify it isotope geahemically Additional to the
Veporic basemenh units, a specialized S-type granite from in the Gemeric
unit, overlying the Veporic unit, is studied in detail to identify petrogenetic
processesesponsiblefor the magmatic ewolution of this granite.

The zircon U-Pb dating for basemen units in the Veporic Unit reveal
Ordovician precursorage for the whole unit (440-470Ma). Theseagesre-
vise published Kambrian precursor ages. The isotopic signature,i.e. N d
and 8’Sr=85r, for theseOrdovician basemen units is distinct from the sig-
natures obsened for magmatic rocks in the Tatric unit to the North. The
WR-PbPb isotopic composition of these basemenh rocks reveals a strong
crustal in uence and overlap with the the WR-PbPb isotopic composition
of the Tatric unit. Togetherwith the T)d ages,theseare well comparable
with pre-Variscanunits descrited in the Alps. Thus belongthe Ordovician
basemen units to the peri-Gondwana terranes, which were formed at the
northern active cortinental margin of Gondwana.
Carboniferousmetamorphismand felsic magmatismis alsorecognizedn the
Veporic unit (320-350Ma). This ewernt is cortemporaneouswith the mag-
matism obsened mainly in the Tatric Unit to the North and belongsto the
Variscanorogely.

Intensive Alpine deformation and metamorphismcan be obsened in the sin-
gle zircon U-Pb data and in the isotopic data for the SouthernVeporic Unit.

The Dlha Dolina granite in the Gemericunit shaws e ects of extensiwe

fractionation and auto-metasomatism. Magmatic fractionation createsan
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increasein the REE conceitration in theserocks, whereasthe metasomatic
processegesult in a depletion and in the generationof a Tetrad e ect in

the REE pattern, which shaws the strong in uence of uids during the late

magmatic phase. WR-Pb-Pb data constrain a minimum intrusion age of
240 Ma for the Dlha Dolina pluton, which is in agreemet with Sr isotopic
data obsened for the magmatic dominated samples,whereasthe samples
with a strong metasomaticin uence have too radiogenic®’Sr=8Sr,, .

The Pb isotopic composition of whole rock (WR) sampleswas used ex-
tensively during this study. Thereforea script for the GPL software Octave
waswritten to evaluate thesedatasets. The main purposeof this script is the
calculation of York (1969) regressionlines for geahronological applications.
Additional and -valuescan be calculated for regressionlines and, useful
for comparisonof di erent datasets, principal componert analysescan be
calculated.

At the end of this work, the analytical technique for microwave-assisted
acid digestion of granitoid material for isotopic and elemenal analyseswill
be preseted. This technique usesa TIMS for Sr and Nd isotopic measure-
merts and a single collector ICPMS for determination of the REE, Rb and
Sr concetrations quarti ed by relative sensitivity factors (RSF) relative to
an internal standard. This method will be evaluated by measuremets of
international referencematerials. Theseresults in a precision of <10% for

the elemenal concernrations and of < 5% for elemenal ratios.

XXI



Chapter 1

In tro duction

This work preselts the resultsobtainedduring the courseof the PhD study on
\Isotop e Geachemical and Geachronologic Studiesof Basemeh Units in the

Certral WesternCarpathians (Slovakia)\ and consistsof three main parts:

Geachronologicaland isotopic studies of the pre-Variscanbasemen in
the Veporic Unit (Chapter 2 and Chapter 3)

Geachemical and isotopic constrairts on the ewlution and timing of a

speciallizedS-type granitoid intrusion in the GemericUnit (Chapter 4)

Presenation of a computerscript for the evaluation of isotopic Pb data
using the GPL program Octave (Chapter 5) and details on analytical

techniquesusedfor this work (Chapter 6)

These parts are presemed as manuscripts ready for publication. Chapter
2 will be printed in a special issuefor Lithos edited by BB. Chapter 5 is
submitted to Computers & Geosciences.Chapter 3 and 4 are planned for
submissionto SwissBulletin of Mineralogy and Petrology and to Geologica

Carpathica, respectively.



Intr oduction

The rst part is split in two chapters:

Chapter 2 presens the rst single zircon U-Pb agesfor the pre-Variscan
basemenin the SouthernVeporic Unit. It resultsin an Ordovician precursor
age for the felsic Muran gneiss. This leadsto a dichotomy with published
Kambrian multi grain U-Pb agesfrom the Northern Veporic Unit (Putis
et al., 2001). In order to resol\e this apparern age progressionof basemen
units from North to South, single and multi grain zircon U-Pb agesare
presened in Chapter 3 for the Northern Veporic Unit. Thesedata fortify the
Ordovician precursoragespresened in Chapter 2. Thus a re-interpretation

of the data published by Putis et al. (2001) is proposed. This resultsin a
commonPre-Variscanewlution of the basemen units from the Veporic Unit,

no progressionof the formation agecan be obsened.

Geachemicaland Pb, Sr, and Nd isotopic data are presened in both Chapters
to characterizethe samplesand to comparethe Veporic Unit to other units
of the Certral Western Carpathians.

The secondpart (Chapter 4) concernsabout the ewlution of a granitoid
plutonic complex sampledby drill coresin the Gemeric Unit (DIha Dolina
valley). Geachemical, Pb and Sr isotopic data are presened to resole the
e ects produced by magmatic fractionation and by metasomatic overprint.
The isotopic data for this intrusion constrainsa minimum intrusion age of
240Ma, which isin good agreemenwith publisheddata on similar intrusions
in the GemericUnit.

Chapter 5 presents a new computer script for Octave to ewaluate Pb
isotopic data. This script was usedfor evaluation of all Pb isotopic datasets
presened in this work. To shav the capabilities of this script the Pb dataset
of the DIha Dolina intrusion is preseried and discussedin this Chapter in

detail.



Intr oduction

In Chapter 6 details about the analytical techniquesusedfor this work
are presetted. This includesthe microwave assisteddigestion of granitoid
samplesfor determination of REE, Rb and Sr conceitrations using Relative

Sensitivity Factors(RSF) and details on the column chemistry for the isotopic
measuremets.



Chapter 2

The study preserted in this chapter usessinglezircon U-Pb geahronological
data to idertify the protolith age of the Muran Gneiss Complex and Pb,
Sr, and Nd isotopic data to constrain the geadynamic cortext of this unit.
The isotopic systematicsof this complexare partially resetby intenseAlpine
deformation, newerthelesssomeconclusionson the sourcescan be drawn, as
will be shown in the following.

A.S. Gaab performedall analysespresened in this chapter and prepared
the manuscript. UP provided an additional sample used for U-Pb single
zircon dating and introducedthe author to the methods usedfor this work.
MJ introducedto the regionalgeologyand supported the author during eld
work. WT admitted the entry to the cleanlab and to the massspectrometer.

The manuscript presetied in this chapter will be published in a special
issueof Lithos edited by BB. Positive reviewsby KS, GO, MK and BB were
applied to the manuscript. Parts of this study were also presetied by Gaab
et al. (2003b)and Gaab et al. (2003c)on international meetings.
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Abstract

Magmatic protoliths of Ordovician age have beenidentied in the metamorphic
rocks of the Muran GneissComplex, Veporic Unit (Central Western Carpathians).
Vapor digestion single zircon U-Pb dating yields an intrusion age of 464 35 Ma
(upper intercept) for the granite protolith. A lower intercept age of 88 40 Ma
records amphibolite facies metamorphic overprint in the Cretaceous, during the
Alpine orogery. Gecchemical and isotopic data suggestcrustal origin of the ortho-
gneiss. N di,; are between-2.5 and -5 and corresponding TD'\',\‘,li range between 1.3-
1.5 Ga (two-step approad). 8’Sr=86Sr,,; ratios vary between 0.7247 and 0.7120,
and a steepREE pattern further constrainsthe crustal a nit y of theserocks. As-
sociated amphibolite bodieshave N di, valuesof 6.5, 87Sr=86Sr;, ratio of 0.7017,
and a at REE pattern. They areinterpreted asMORB derived metabasites.Pb, Sr
and Nd isotopic variations obsened for the Muran GneissComplex canbe explained
by an intense Alpine metamorphism.

These basememn rocks of the Central Western Carpathians are interpreted as
Ordovician magmatic rocks intruded at an active Gondwanamargin. They represer
the eastern prolongation of Cambro-Ordovician units, which were part of the peri-
Gondwana superterrane and accretedto Laurussiaduring Variscan orogery. Alpine
metamorphic overprint is the most dominant feature and no Variscan metamorphic
overprint is recordedby the isotopic data of this unit.

Key words: Western Carpathians, Gondwana, Ordovician, basemem, Alpine
orogery

Andreas S. Gaab
Email address: gaab@mpch-mainz.mpg.d¢€A.S., Gaab).



Chapter 2: Alpine rew orking of the Ordo vician Mur an Gneiss

1 Intro duction

Ordovician magmatic complexesare recognizedin many areasof the Certral
European Variscides,like in the Bohemian Massif (e.g. Hegnerand Kroner,
2000;Kroneret al., 2000),in SW Poland (Oliver et al., 1993)or in the Black
Forest(Chenet al., 2000).Metabasicrocks and orthogneissesvith Ordovician
protolith agesoccur alsoin the basemen of the Alps, e.g.in the Austroalpine
units (Miller and Theoni, 1995; Poller et al., 1997; Schalteggeret al., 1997).
These magmatic rocks are interpreted as fragmenrs of an active corntinental
margin of Gondwana, and are grouped together under the name \Hun Su-
perterrane” (Stamp i and Borel, 2002;von Raumer et al., 2002). Ordovician
granitoids are consideredto be the products of this active margin magmatism
forming a longitudinal zone(von Raumeret al., 2002).Terranesweredetaced
from Gondwana due to opening of badk-arc oceansfollowing the subduction
of the mid-oceanridge of a former peri-Gondwana ocean, the Proto-Tethys
(Stamp i and Borel, 2002). Theseterranescollided with Laurussiaduring the
Variscanorogelry.

The Central Western Carpathians represeh a tectonic systemthat extends
eastvard from the Alps and its pre-Tertiary complexescomprisesix princi-
pal Slovakocarpathian (analogousto the Austroalpine in the Alps), north-
verging superunits (Fig. 1): the Tatric, Veporic and Gemeric thick-skinned
basemetico ver sheets,and the Fatric, Hronic and Silicic detadimert cover-
nappe systems(e.g. Plasienla et al., 1997).The Certral WesternCarpathians
deweloped during se\eral orogeniccycles.

During Mesozoic-Cenozoitimes the Western Carpathians ewlved as a com-
plex subduction-collisionalorogenicbelt. They resulted from collision of Eu-
ropeanand Apulian cortinental domainslocated betweentwo oceanicsutures
- Meliatic in the south and Penninic in the north (e.g. Plasienla et al., 1997,
Plasienla, 1997). High-pressure,bluesdist faciesmetamorphismwas related
to subduction of Meliatic oceanin Jurassictime (Faryad, 1995). Subsequen
cortinental collision during Cretaceouscausedregional metamorphism. The
most intense metamorphism a ected the Veporic unit, especially its south-
easternparts at the contact to the Gemericunit (Plasienka et al., 1999;Janak
et al., 2001b).

Pre-Alpine tectonometamorphicewlution was generally related to the sub-
duction-collisional processesluring Variscan orogety, resulting from corver-
gence,accretionand amalgamation of crustal blocks derived from Gondwana
with Laurussia(e.g.von Raumerand Neubauer,1993;Plasienla et al., 1997).
Variscanmetamorphismand magmatismis well documerted in all crystalline
complexesof the Certral Western Carpathians, esgecially in the Tatric unit
with only weak Alpine recrystallization (e.g. Janak et al., 1996; Poller and
Todt, 2000).

Pre-Variscan history of the Certral Western Carpathians is not very well
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Chapter 2: Alpine rew orking of the Ordo vician Mur an Gneiss

known. Volcanic activity and sedimemation in the Early Paleozoictime oc-
curred in the adjacert Gemericunit (e.g. Grecula, 1982) where both Varis-
can and Alpine metamorphic overprint readed mostly greenshist facies(e.qg.
Faryad, 1997), except minor Variscan amphibolite faciesrocks (Bajan k and
Hovorka, 1981).

Metagranitoids of Late Cambrian and Ordovician protolith age have been
identied only recenly in the polymetamorphosedcomplexesof the Veporic
unit (Putis et al., 2001;Janak et al., 2002; Gaab et al., 2003b). This study
presens new geachemical and geachronologicaldata on the protolith and the
timing of metamorphicrecrystallization of the Muran GneissComplexin the
Veporic Unit. It demonstratesthe response of Ordovician magmatic rocks
and their isotopic systemto Alpine deformation and metamorphism under
amphibolite faciesconditions (ca. 600 C; 10kbar, Janak et al., 2001b). The
aim of this study is to recognizethe Pre-Variscan elemerts in the Certral
WesternCarpathians, arguing that they possibly belongedto the former peri-
Gondwana superterrane in the Early Palaeozoictime and to constrain the
timing of metamorphism.

2 Geological Setting

Tertiary cover 0
Gosau sediments

]
[ Hronic and Silicic nappes
]
111111

Turnaic nappes

Meliatic units

Veporic Unit
E—1 Foederata cover unit

KXY Velky Bok cover unit

[ ] Pre-Triassic paragneisses
Pre-Alpine basement

Tatric Unit
EE Mesozoic Cover

Pre-Alpine Basement

o sample area

Fig. 2. Geologic Map of the Muran area after Janak et al. (2001b). Study areais
indicated by the rectangle. Note the location of the Muran GneissComplex directly
at the cortact to the Gemeric unit in the East.
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The Muran GneissComplexis part of the Veporic Unit. It is exposedeastof
the Muran tectonic line and west of the Lubenk tectonic line, the transition
from the Veporic Unit to the GemericUnit (Fig. 2).

The Veporic Unit consistsof pre-Alpine basemeh complexesasserbled during

the Variscanorogery (Bezak, 1991, and referencegherein) that are overlain

by the Upper Palaeozoic-Tiassicsedimemary cover (Fig. 2). Polymetamorphic
pre-Alpine basemeh comprisesgranitoids, migmatites, gneissesand amphibo-
lites, mostly mylonitized due to the Alpine overprint. Mica sdists, phyllites

and ne-grained gneisseof metavolcanosedimetary protolith are of uncer-
tain age(Early to Late Palaeozoic).The tectonometamorphichistory of this

basemenh was interpreted as pre-Alpine with only greenshist facies Alpine

overprint (Korik ovsky et al., 1989;Bezak, 1991;Kovacik et al., 1996).In con-
trast, Meresand Hovorka (1991) and more recenly Plasienlka et al. (1999),
Luptak et al. (2000) and Janak et al. (2001b) emphasizedthat Alpine over-
print reached amphibolite faciesconditions.

In the certral and north-eastern part of the Veporic Unit locally presened
para-autochthonous cover include Upper Permian sandstonesand conglom-
erates, Scythian quartzites and slates,and Middle-Upper Triassic carbonates
and shaleg(Foederataunit). The south-easternrim of the Veporic Unit is com-
posedof Carboniferous,Permianand Scythian clastic sequencepartly forming

an allochthonous unit overlying the Foederata cover unit to the north-west.
All theseVeporic cover units werea ected by Alpine metamorphismof low to

medium grade (Lupt ak et al., 2003,and referencegherein). Its metamorphic
gradeincreasedrom andi- and epizone(350-400 C; 4-5kbar) in the Mesozoic
cover (Lupt ak et al., 2003)to amphibolite facies(500-620 C; 7-10kbar) in the

basemen (Janak et al., 2001b). This regional metamorphismwith a geother-
mal gradiert of ca.15 C/km correspndsto a mediumto high-pressuretype.
This was generatedby crustal thickening dueto an overburdenformed by the

Gemeric basemeh sheetand the Meliatic accretionary complex during the

Cretaceouscortinental collision.

Lithology and metamorphism of Muran Gneiss Complex were investigated
by seweral authors. Felsic gneissesdesignatedas "granite-gneiss" or "ortho-
gneiss",wereattributed to either granitoid (Klinec, 1976)or rhyolitic protolith
(Hovorka et al., 1987),or both (Kovacik et al., 2001). Amphibolite layerswere
interpreted as product of basaltic, concomitart volcanism (Hovorka et al.,
1987). Based on whole-rock Sr isotopic studies, Kovacik et al. (2001) pro-
posedthat the protolith of "orthogneisses"was crustal, about 420 Ma old.
Metamorphism of the Muran Gneiss Complex rocks was attributed largely
to Variscanorogetry. According to Hovorka et al. (1987), metamorphic condi-
tions readed only greenshist to lower amphibolite facies,whereasKovacik
et al. (2001) estimated partial melting conditions for orthogneissesluring the
Variscanorogery. Janak et al. (2001b) calculated metamorphic conditions of
620 C and 9-10kbar for overlying meta-sedimetary mica sdists and sug-
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gestedthis metamorphismasAlpine, reading the highestmetamorphicgrade
(staurolite + biotite + kyanite) within the Veporic unit. Publishedgeahrono-
logical data for thesemicasaists provide Cretaceousmetamorphic ages.The
data include in-situ “°Ar 3% Ar UV laserdating of white mica (72 - 77 Ma,
Janak et al., 2001b), electron microprobe dating of metamorphic monazite
(92 16 Ma, Janak et al., 2001a)and Sm-Nd dating of garnet (109 6 Ma,
Luptak et al., 2004).

The deformational structures in the areaare dominated by a at or moder-
ately NE-dipping metamorphic/mylonitic foliation (S;). The foliation planes
bear a distinct stretching lineation (L) plunging generallyto the east. These
structureswereformedduring the rst Alpine deformation(AD ) stagewithin

a large-scalesub-horizonal ductile shearzone.This shearzoneis interpreted
as a low-angle detachmernt fault zonethat parallels the basemeticover in-
terface and lithological boundarieswithin the Veporic cover, as well as the
original Veporic/Gemeric overthrust cortact (Janak et al., 2001b,and refer-
encestherein).

3 Sample Description

Three major rock typesoccur in the Muran GneissComplex:felsicgneiss,am-
phibolite (both generalizedas pre-Alpine basemen in Fig. 2) and mica sdist
(generalizedas pre-Triassic paragneissn Fig. 2).

The most prominert lithology is a coarsegrainedfelsicgneisswith K-feldspar,
albite, quartz, biotite, phengitic white mica and minor garnet. This gneissis
intercalated with amphibolite bodies, se\eral tens of metersin thickness.Am-
phibolite is ne- to medium-grainedwith tschermakitic hornblende, epidote,
garnet, plagioclaseand quartz as major minerals. At the cortact betweenthe
felsic gneissand the amphibolite, a strongly deformed, banded gneisswith
variable amourt of ma ¢ and felsic componerts is formed. Somecertimeter
thick layers of amphibolite are locally presened in this banded gneiss.This
gneisscomplexis overlain by a mediumgrainedkyanite- and staurolite-bearing
mica sdhist (for detailed descriptionof this unit seeKovacik et al., 1996;Janak
et al., 2001b).

Se\eral sampleswerecollectedin the areabetweenMuran and Tisovec (Fig. 2)
to cover the whole compositional range of the gneissesThe sampledareais
approximately 25 km? and is situated around the coordinate point WGS-84
48 42°N; 20 01°E. For U-Pb zircon dating, sampleUP1115was collectedfrom
a homogeneousgelsic outcrop. For geachemistry, sampleswere taken from the
amphibolite (02GA21), the felsicgneiss(02GA19,03GA06,and 03GA11)and
the bandedgneisg(03GA07to 03GA10,02GA18sampledat Muranska Lehota:
48 43%46°N; 20 0245°°E). Sample03GA08is a 10cmwide amphibolite layer

10
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in the bandedgneiss.

For Pb-Pb wholerock analysesadditional samplesof the bandedgneisgUP1112;
UP1115:UP1125;02GA20),togetherwith samplesof the overlying micasdists
(UP1111;UP1113;02GA22),wereanalyzedin order to characterizethe whole
range of Pb isotopic compositions.

4 Analytical Metho ds

Major and trace elemen analyseswere measuredby XRF at the University

Mainz using powder and glasstablets. For determination of REE, the samples
were dissohed using a three step microwave assistedHF  H N Os-digestion
(Totland et al., 1995)of approx. 100mgpowderedsample(CEM MARSS5, XP-

1500, temperature cortrolled; step one:HF  HN O3, 40min, max. 200 C;

steptwo: HF  HN O3, 25min, max. 220 C; stepthree:HClI HN Oz, 30min,
max. 120 C).

REE, Rb, Sr and Pb concenrations were analyzedon a Finnigan Elemeri2

singlecollector ICP-MS at the Max-Planck-Institut far Chemie,Mainz. Quan-
ti cation was adchieved by external calibration with I n asinternal standard.
Machine drift was correctedusing*®In ¥’ Re (Cheathamet al., 1993). Ac-

curacy for elemermal conceirations is better than 15%. For elemenal ratios
the accuracyis better than 5%, becausethese are lesssensitive to drift and
matrix e ects.

For Sr and Nd isotopic analysesthe sampleswere dissoled using microwave-
assisteddigestion of 50-150mg whole-rock powder (as previously descrilked).
After dissolution, column chemistry in a cleanlab was applied following the
method of White and Patchett (1984). Isotopic ratios were measuredon a
multi-collector TIMS (Finnigan MAT 261)in static mode.

Pb isotopes were measuredon HF  HN O3, HBr leadates of fresh rock
splits. After extraction in 0:5 mol HBr and resin column chemistry, common
Pb was measuredusing static multi-collection on a MAT 261 TIMS (Arndt

and Todt, 1994).

Single zircon vapor digestion analyseswere performedon HF  HN O3 and
H ClI dissoled single zircons without column chemistry. A 2°Pb and 233U

mixed spike was added prior to dissolution (Wendt and Todt, 1991; Poller
et al., 2000). After correction for fractionation, the blank, commonlead, and
spike cortribution weresubtracted.The ISOPLOT macrowasusedto evaluate
the U-Pb zircon data (Ludwig, 2001). In addition to the dated ones,zircons
from the samesample were imaged with an cathodo-luminescencealetector
(CL) on a Hitachi 5450at the MPI Mainz from polished zircon mourts.

11
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03GA06 03GA1l1 02GA19 02GA18 03GA10 03GA09 03GA0O7 03GA08 02GA21
felsic felsic felsic banded banded banded banded ma c amph
SiO» 769 760 759 728 710 68 6 676 56 0 470
TiO2 005 004 003 018 035 024 025 172 187
Al 203 1281 136 12 47 1373 1472 14 34 145 1516 14 07
FexO3 083 086 100 291 249 481 498 98 1311
M nO 001 002 002 005 003 007 007 017 02
M gO 008 005 003 0 66 101 219 235 481 638
CaO 024 067 054 272 229 4 47 447 759 1134
NaO 416 561 378 373 412 403 406 342 346
K20 394 239 44 216 166 054 068 032 044
P20s 001 001 001 003 005 004 004 02 015
Sum 995 996 982 990 992 1000 998 999 994
Sc 2 1 3 9 7 19 21 30 48
\% 3 4 4 38 44 97 108 238 337
Cr 2 3 8 13 18 48 50 112 136
Co 64 73 86 59 74 60 63 52 58
Ni nd 2 4 3 8 8 9 37 67
Cu 7 3 3 4 2 5 4 36 24
Zn 2 1 3 27 31 26 31 86 100
Ga 15 16 17 17 17 15 15 20 21
Y 23 53 47 17 17 13 14 53 35
Zr 79 83 111 92 165 86 83 238 119
Nb 9 8 8 7 8 5 4 6 7
Ba 605 183 291 538 463 167 208 18 nd
Pb 19 15 14 11 16 4 7 7 6
Th 134 175 158 64 31 56 51 44 nd
U 37 67 54 3 41 22 04 14 03
Rb 59 39 93 74 33 7 10 2 36
Sr 40 49 22 131 262 190 227 127 262
03GAO06 03GA1l1 02GA19 02GA18 03GA10 03GA09 03GA0O7 03GA08 02GA21
La 45 6 99 15 35 10 98 12 49
Ce nd nd 28 31 71 19 18 29 14
Pr 12 18 29 32 79 19 19 38 21
Nd 44 67 11 11 29 6 65 16 11
Sm 11 2 3 21 53 12 13 42 34
Eu 004 0069 01 04 092 029 03 11 15
Gd 11 23 3 19 41 12 12 5 45
Tb 023 048 05 03 042 016 018 081 07
Dy 17 39 42 19 21 11 12 52 49
Ho 042 096 1 04 031 024 026 11 1
Er 16 35 33 12 067 077 08 33 29
™m 03 0 66 05 02 0076 012 013 05 05
Yb 2 45 45 15 043 079 09 3 32
Lu 033 067 06 02 0069 013 014 045 04
Eu @ 011 0097 010 061 06 075 074 074 120
Sm=Nd 025 031 027 019 018 020 020 026 031

AEU = Eun=

Table 1. Whole rock geachemical data. Samplessorted by SiO, cortent. Major
(given in wt% as oxides) and trace elemens (given in ppm) measuredwith XRF.
REE, Rb and Sr measuredwith ICPMS. nd for not determined

SmN

Gdn

12




Chapter

2: Alpine

rew orking of the Ordo vician Mur an Gneiss

Measured atomic ratios Corrected ages (Ma) °

grain Usot pp 5 ¢ XPb 5, o 2BPb 5 ¢ | 2Pb pp 5 D7pp 5

no. P By ag 204 p p m 206 p b m 206 p b m 238 m 235 m 206 p p m
| 12 44 985 59 007003 26 011562 54 444 5 442 12 430 60
E 1309 267 6 011029 33 019314 59 431 4 434 14 453 84
B 1472 751 11 007535 20 010348 62 385 2 396 5 456 25
H 16 20 2961 149 005930 8 059314 12 240 1 254 2 388 15
A 17 12 548 15 008223 21 012246 40 332 3 347 7 443 47
D 17 17 359 3 009567 30 015241 65 332 2 344 6 421 42

a corrected for fractionation
b corrected for blank, spike and common lead
¢ 2 m refer to the 2 deviation of the weighted mean of 2-6 blocks (20-60 ratios). Last signi can t digits given.

Table 2. Vapor digestion single zircon U-Pb data for the felsic gneiss, sample
UP1115.

5 Geochemistry

According to major elemen classi cation, amphibolites resenble a typical
basaltic composition (total alkali cortent: 3.9wt%, SiO,: 46.99wt%, Table 1)
and accordingto the AFM-classi cation have a tholeiitic character. The am-
phibolite has a Zr/Y ratio of 3.4 and a Zr cortent of 119 ppm, which is
characteristic for MORB (Pearceand Norry, 1979).

Banded aswell asfelsic gneisswith a SiO, cortent of 67.6t0 75.9wt% and a
total alkali cortent of 4.8to 8.2wt% are sub-alkaline granitoid rocks (McDon-
alds,1986).The felsicgneisshasvery low Ca, Mg and Fe concertrations. These
conceltrations increasefor the bandedgneisswith decreasingSiO, drastically
towards the cortents measuredin the amphibolite. Sud a linear correlation
with SiO, can be obsened for all samplesand most elemetts (Table 1). This
indicatesthat bandedgneissesre binary mixing products of the felsic gneiss
and the amphibolite.

The REE diagramsdisplay three di erent pattern. The amphibolite depicts
a at REE pattern at ten times chondritic values (Fig. 3(a)). In cortrast,
the most felsicsamples(Fig. 3(c)) have slightly U-shaped pattern with a pro-
nouncednegative Eu-anomaly (Eu  0.1), whereasthe bandedgneissshowvs
steeper pattern with small negative Eu-anomalies(Eu : 0.60to 0.75,Table 1,
Fig. 3(b)).

Sample 03GAQ08, a 10cm wide amphibolite layer surrounded by more felsic
bandedgneisshassimilar HREE conceitrations asthe amphibolite (02GA21),
but displays a small negative Eu-anomaly and a slightly enriched pattern for
LREE (Fig. 3(a)). This indicates, that small bodies of amphibolite are in u-

encedby the felsic menbers.
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Fig. 3. Chondrite normalized REE-pattern (Cl chondrite after Taylor and McLennan
(1985)).
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6 U-Pb dating

Single zircon U-Pb vapor digestion analyseswere performed on zircons from
the felsicgneissUP1115.Measured?°°P b=*P b ratios range between250and
3000(Table2). Commonleadcorrectionwasapplied with anisotopic composi-
tion in agreemenwith the WR-Pb-Pb data (?°°P b=%*P b 18.413°"Pb=*%Ph
15.699;298p h=204pP I, 38.502;Fig. 6(a)). Six data points de ne a discordialine
with an upper intercept of 464 35 Ma and a lower intercept of 88 40 Ma
(MSWD: 0.36). Two of these points are nearly concordan with 2°°P pb=238y
agesof 444 5 Ma and 431 4 Ma. Four zircons are clearly discordart with
206p =238 agesyoungerthan 385Ma (Fig. 4).

Many zircons from the sample UP1115have prismatic habit and shav oscil-
latory zoningin CL-imaging (upper two zirconsin Fig. 5). They have clearly
a magmatic origin, indicating that the upper intercept age of 464 35 Ma
re ects the intrusion age of the granite protolith of the gneiss.Somezircon
grains (e.g. upper and middle left zircon in Fig. 5) shav a possibleinherited
core on CL-images.Sud coreswere not presen in the crystals analyzedfor
U-Pb as no pre-Ordovician 2°’P b=*%°P b ageswere obtained. Most zircons of
sample UP1115 (e.g. two lowermost grains in Fig. 5) shov a nebulous pat-
tern in their CL-image and the magmatic zoning is overprinted. This suggest
lead lossas medanism, which producedthe discordancyduring Alpine meta-
morphism. The U, =Ph 44 ratio in the zirconsincreasedrom the concordan
zircons(12.44and 13.09)to higher valuesfor the more discordan ones(14.72

0.08

Felsic Gneiss

] 1 ] 1 ]
1 1 1

0 0.1 0.2 0.3 0.4 0.5 0.6

207Pb/235U

Fig. 4. Concordia diagram for single zircon vapor digestion analysesof the felsic
gneissUP1115.
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to 17.17,Table 2), which is coheren with this interpretation.

7 Isotop e Geochemistry

Mica sdists form a narrow array in the 2°°P b=“P b vs. 20’P b=%4P b diagram
(18.4-18.6and 15.6-15.7,respectively). The 208Pb=%4Pb ratios are between
39.0and 39.2. This coincideswell with the ewlution of upper crustal lead ac-
cordingto Zartman and Haines(1988) and resenblesan isotopic composition,
which ewlved till 400to 500Ma in a crustal ervironment (Fig. 6).

206p h=204p hand 2°’P b=294P bratios for amphibolites are between18.3-18.4and
15.6-15.7respectively. Theseratios aredistinct from thosereported for typical
MORB (17.7-18.7and 15.43-15.53respectively, Sun, 1980). The ewlution
line for the upper mantle plots at lessradiogenicratios out of the range of
Fig. 6 (18.2-18.3and 15.46-15.47or lead ewlvedtill 100to 200Ma, Zartman
and Haines, 1988)). Also the 2%8P h=2%4Pp ratios are slightly higher than the
reported values for MORB (38.3-38.6vs. 37.6-38.2, Sun, 1980). The lead
isotopic composition coincideswell with the Staceyand Kramers (1975)model
composition at 100to 200 Ma. This can also be interpreted as a mixture of

Fig. 5. Represetativ e cathodoluminescenceimages for zircons of sample UP1115
in a polishedmount. Inherited coresand magmatic zoning present in somezircons.
Most zircons experiencedmetamictisation and show nebulousCL.
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Fig. 6. 207Pb=20*Pbvs. 206p h=204P b and 298P b=22*P b vs. 296P b=*"P b-diagram. Fel-
sic gneissand amphibolite samplesform a linear array in both diagrams. Mica
sdists plot distinct in a small array. Staceyand Kramers (1975, lower line, (S&K))
and Upper Crustal (after Zartman and Haines, 1988, upper line, (Z&H)) ewlution
line drawn with labelsin Ma.
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ZOGPb 207Pb 208Pb
204ph 204ph 204

Felsic and banded gneiss
UP1112-1| 20315| 15690| 38894
UP1112-2| 20431| 15692| 38889
UP1115-1 21308 15758 40132
UP1115-2 20651 15717 39391
UP1124-1 22343 15815 40782
UP1124-2 21651 15762 40104
UP1125-1 21262 15736 39725
UP1125-2 20729 15723 39375
02GA18A | 19565| 15650| 38987
02GA18B 19762 15666 40748
02GA18D 19441 15651 38701
02GA19A | 19585| 15673 | 38950
02GA20A 21113 15745 39405
02GA20B | 20542| 15722 | 39554
Amphib olit
02GA21A 18321 15617 38383
02GA21B 18440 | 15624 | 38540
Mica sdhist
UP1111 18521 | 15689 | 39099
UP1113-1 18462 15676 39048
UP1113-2 18505 15704 39102
02GA22 18572 | 15697 | 39169
Table 3. Pb-Pb-WR data for samplesof the Muran area.Reproducibilit y is generally
better than 500 ppm.

(0]

upper crustal leadwith a more primitiv e lead sampledfrom the upper martle
(Fig. 6).

Gneissewith high felsiccomponert display a largerangeof leadisotopic com-
positions, but align in a linear array corverging at lower ratios with array of
the amphibolites (Table 3, Fig. 6). All gneissegogether depict a good linear
correlation with a correlation coe cient of r=0.981. The ma c samplesplot
at lower ratios, whereasthe more felsic samples(accordingto their higher U
cortent, Table 1) at more radiogenic2%°P b="°*P b and 2°’P b=*%*P bratios. The
slope of this referenceline correspndsto an 2°’Pb=%Pb ageof 134 Ma. The
regressionine is calculated accordingto York (1969).

A similar good linear correlation (r=0.905, one outlier) is presem on the
206p h=204p [y ys, 208p h=204p p diagram (Fig. 6); the slope of the regressioncor-
respondsto a (iday)-ratio of 1.48(calculated for 134 Ma).

87Sr=88Sr and 3N d=1%*N d ratios show a largerangefor the investigatedsam-
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sample zé%a 2 z—gfb 2;%464 Ma ifﬁ—mga 2 iﬂ%b Ndoma Ndgsma | TH[Ga
03GAO06| 0.739353 8| 4.13 0.712038| 0.512170 13| 0.16 9.1 -5.0¢ 1.4
03GA11| 0.735952 8| 2.25 0.721048| 0.512249 11| 0.19 -7.6 3. 1.5
02GA19| 0.802601 10| 11.78 0.724741, 0.512301 6| 0.17 -6.6 -2.6¢ 1.3
02GA18| 0.715566 11| 1.60 0.704998| 0.512329 5| 0.12 -6.0 -1.5 1.3
03GA10| 0.710557 6| 0.36 0.708150f 0.512312 7| 0.12 -6.4 -1.6 1.2
03GA09| 0.707833 8| 0.11 0.707077) 0.512266 9| 0.12 -7.3 -3.0 1.4
03GAO7| 0.707990 8| 0.13 0.707126| 0.512263 18| 0.12 -7.3 -3.0 1.4
03GAO08| 0.706629 6| 0.04 0.706366| 0.512733 6| 0.16 1.9 3.9 1.1
02GA21| 0.705956 53| 0.65 0.701662| 0.512971 10| 0.20 6.5 6.5 1.2

& measuredon TIMS MAT261 multicollection. Errors on the last digits aregivenas2 deviation
of the weighted mean (6-25 blocks)

® measuredon single collector ICP-MS Element2 (Table 1)
¢ calculated using the depletedmarntle model after Liew and Hofmann (1988)
d two step model at 88 Ma (**’Sm='**Nd = 0.12) accordingLiew and Hofmann (1988)

la1deyd

auldly :z

Table 4. 87Sr=8%sSr- and “3N d=1%*N d-whole rock isotopic compositions. Isotopic compositions are also recalculated to the Alpine
overprint. For Nd valuesare reported as N d and the TI{,\‘,\‘} are given.
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Fig. 7. Sr-Nd isotopic compositions recalculated to 88 Ma. Solid lines represert
binary mixing (Langmuir et al., 1978) between end menbers similar to the most
ma ¢ and the most felsic sample (curvature = 0.012and 0.024). Resenwirs plotted
after Zindler and Hart (1986): BE - bulk earth; DM - depleted mantle; EM 11 -
enriched mantle |I; PREMA - prevalert mantle.

ples, which correlateswith the geahemistry of the gneisssuite. The most ra-
diogenicfelsicgneisseas®’ Sr=5Sr cas Valuesof 0.802601 10.The N dieas
valuesof -6.6 are low (Table 4). 8Sr=8Sr,,; valuesfor all felsicgneissesange
between0.725and 0.712and N d;,; between-5.0and -2.6, which is typical for
crustal dominated rocks. The bandedgneissesave lower 8Sr=%Sr; values
at 0.704-0.70&nd N di,; valuesof -3 to 1.5. Finally, amphibolites have unra-
diogenicratios for 8’Sr=%¢Sr;,; of 0.702and for N d,,; of 6.5. This is similar
to the prevalet MORB composition (Zindler and Hart (1986), Fig. 7).

Banded gneissesave 8Sr=8¢Sr ratios closeto amphibolite and 4N d="4N d
ratios closeto felsic gneiss.When recalculating the isotopic composition to
the Alpine metamorphicewvert at 88 Ma, using the Rb/Sr and Sm/Nd ratios
measuredwith ICP-MS, the mixing correlation betweenthe three units can
be approved. In Fig. 7 mixing hyperbola (after Langmuir et al., 1978) are
displayed usinga felsicand a ma ¢ end-meniber with elemeral concetrations
and isotopic compositions comparableto thoseobsened for the samples.This
mixing array modelsthe isotopic rangeobsened for the bandedgneissesvell.
If the isotopic composition is recalculatedto initial valuesor to a Variscan
event around 320 Ma the mixing array doesnot model the isotopic range as
good.

T4 model agesare slightly youngerfor amphibolites than for felsicgneisses.
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Fig. 8. N d isotopic ewlution with time. Depleted mantle model and two-step cal-
culations after Liew and Hofmann (1988).

They increasefrom 1.1 Gafor the ma ¢ samplego 1.5Gafor the felsicsamples
with a two step approad applied for the most ewlved samples(seeTable 4,
Fig. 8). The two-step ewlution is calculated using the Alpine overprint at
88 Ma recordedby the U-Pb zircon discordia accordingto the approad by
Liew and Hofmann (1988). The T)d of the banded gneissesare probably
disturbed by the deformationin Alpine time, which resultsin too young T\
model ages.Thusreasonablanodel agesfor the initial granitoid rangebetween
1.3 and 1.5 Ga. These T4 are in good agreemen with valuesobsened for
other peri-Gondwanan terranes (Murphy and Nance,2002).

8 Discussion and Conclusions

Seeral important consequencearise from our geahronological, geachemical
and isotopic data obtained for the Muran GneissComplexin the Veporic unit.

Felsic gneissegecord an Ordovician magmatic intrusion age of 464 35 Ma.

Theserocks weredeformedand metamorphosedunder amphibolite faciescon-
ditions during the Alpine orogety, in the Cretaceoug88 40Ma). No evidence
for Variscanmetamorphismwasfound from the U-Pb singlezircon dating. All

measuredzirconsplot on a discordialine inconsistert with a metamorphic or
magmatic evert during Variscantime (Fig. 4). This is in cortrast to previ-
ousstudieson the Muran GneissComplex, which interprete deformation and
metamorphismas Variscan (Kovacik et al., 2001).
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The whole rock isotopic data preserted in this paper is consistem with the
ewlution recordedby zircons:

The WR-Pb-Pb data reveals an Cretaceousage of homogenization(Fig. 6),
which is too old comparedto the lower discordiaintercept, but is well com-
parablewith publisheddata on metamorphism(Janak et al., 2001b,a;Luptak
et al., 2004) and ts within the limits of the WR-Pb-Pb method. The Nd
isotopic ewlution yields reasonableT )\ ageswhen a two-stepmodeling with
an Alpine ewert is employed (Fig. 8). The Sr and Nd isotopic variations can
be interpreted as binary mixing during Alpine metamorphism (Fig. 7).

Felsic gneisseshave geahemical features of crustal dominated granitoids.
Their Nd and Sr isotopic compositions are typical for ewlved crustal rocks
together with the enriched REE pattern and pronouncedEu-Anomaly. The
T4 model agesrangebetween1.3and 1.5 Ga and thus are signi cantly older
than the intrusion ages.This suggestghat most material was reworked older
crustal material, which is a typical feature for the peri-Gondwanan terranes
(Liew and Hofmann, 1988;von Raumer et al., 2003;Kroner et al., 2000;von
Raumeret al., 2003).

The geachemistry of amphibolites resenbles typical MORB anit y. This is
supported by a at REE pattern, the Zr/Y ratio aswell asthe Nd and Sr
isotopic compositions, which are similar to the prevalert MORB composition
(Zindler and Hart (1986), Fig. 7). With N di; valuesof 6.5 and T} of
1.2 Ga they are well comparablee.g. with gabbrosand quartz-eclogitesfrom
the Otztal basemen in the Austroalpine units of the Eastern Alps (Miller and
Theni, 1995). The Pb-Pb-WR data do not support the MORB character of
the protolith of the Muran GneissComplexamphibolites, becausehey do not
follow the ewlution line of upper martle, thus shaving a contamination with
lead (Fig. 6), which is quite probable due to their low Pb concerration.

The bandedgneissis interpreted to have beenformed during Alpine deforma-
tion and metamorphismas a mixture of amphibolite and felsic gneiss.This
is already indicated by the common deformational structures and the linear
correlation of the major and trace elemens (Table 1). Furthermore, in the
87Sr=88Sr vs. N d diagram a mixing hyperbola canbe tted to the data when
the isotopic compositions are recalculated to an Alpine overprint (88 Ma;
Fig. 7).

Consideringthe paleotectoniccorrelationsduring the Early Palaeozictime, the
Cenral WesternCarpathianspossiblybelongedto the asserbly of microplates
and crustal blocks derived from the northern margin of Gondwana (\Hun

superterrane”, Stamp i, 1996;Stamp i and Borel, 2002;von Raumer et al.,
2002, 2003)). According to sud scenario,the Certral Western Carpathians
were most probably a lateral prolongation of this superterrane, further eastof
the Bohemian Massif and the Alps. Ordovician rocks in the Certral Western
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Carpathiansresultedfrom magmatismat an active Gondwanamargin, tracing
a cortinuation of considerablylarge orogenicbelt obscuredin the pre-Alpine
basemen

Amphibolite faciesoverprint is alsoobsenedin gneisse®f Cambro-Ordovician
protolith in the northern parts of the Veporic Unit (e.g. Putis et al., 1997).
Locally eclogitefaciesmetamorphism of metabasitesfrom this areahasbeen
reported (Janak et al., 2003). Published geachronological data (multigrain
zircon U-Pb dating (Putis et al., 2001) and electron microprobe dating of
monazite (Janak et al., 2002)) suggestVariscan age of the high-grade meta-
morphism in the Northern Veporic Unit. Howeer, single zircon U-Pb data
on gneissegrom this Unit doesnot give evidencefor Variscanmetamorphism
(Gaab, unpublisheddata). Similar to the zircon data presered in this study,
only Ordovician magmatic and Alpine metamorphic everts can be iderti ed.
Thus further researt should be addressedo the importance of Alpine meta-
morphism versusVariscan metamorphismfor the ewlution of the whole Ve-
poric Unit.
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Chapter 3

The purposeof the study preseited in this chapter is to clarify the apparert
dichotomy, which arisesfrom the U-Pb zircon age obtained for the Muran
Gneisspresetted in Chapter 2 and published multi-grain U-Pb zircon data
(Putisetal., 2001). Thereforedetailed samplingfor U-Pb geahronologywas
performedin the Northern Veporic Unit in 2004and combined with isotopic
data for samplesfrom the Kolesovalley sampledin 2002.

The manuscript and all analysespreseited in this chapter were prepared
by A.S. Gaab. UP introduced the author to analytical methods used for
this manuscript. MJ madethis work possibleby introducing to the regional
geologyand supporting the author during eld work. WT admitted the erntry
to the cleanlab and to the massspectrometer.

This manuscript will be submitted to the SwissBulletin of Mineralogy
and Petrology.
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Abstract

Ordovician magmatism is obsened in the whole Veporic unit. New single and
multi grain zircon U-Pb dating reveal an intensive magmatic activity between460-
470Ma and a minor magmatic phasearound 440 Ma in the Northern Veporic Unit.
Carboniferous agesof SHRIMP and single grain TIMS U-Pb dating in this unit
documernt intense metamorphism and magmatism during Variscan orogery (330-
350 Ma).

Previously published multi grain U-Pb data in the same area have been inter-
preted to shov Cambrian precursor ages.A new interpretation of this multi grain
data is suggestedrevealing an Ordovician (464 23) precursorageand a Carbonifer-
ous metamorphic overprint. With this newinterpretation and published data on the
Southern Veporic Unit a common Ordovician precursor age for the whole Veporic
unit is documerted.

The isotopic signature for the Pre-Variscan basemen in the Veporic unit is dis-
tinct from the Tatric unit, only the metasedimenary Lower Unit in the Western
Tatra reveals comparable ’Sr=*Sr;;, and N di, asthe felsic gneissesn the Ve-
poric basemen These gneissesare characterized by 87Sr=26Sr;. 460 between.712
and .715and by N dmneas460 between-8 and -11. The amphibolites of the Veporic
basemen are characterizedby high 8"Sr=86Sr . 460 0f 0.708-0.710and N dip;: 460 Of
4.5-5.6.A primitiv e gabbro with N din;: 460 Of 5.9 and 8’Sr=86Sr,; of .7028occurs
in the Northern Veporic basemei. This signature is similar to a ma ¢ componert
obsened in the Southern Veporic Unit.

The Variscan Kralova Hola granites shov complete distinct signatures as the
gneissesand amphibolites, but reveal a marked similarity with diorites and granites
from the High Tatra Mountains with 8/Sr=86Sr ;. 330 0f .7013-0.7016nd N din;: 330
of -0.5-1.2.
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1 Intro duction

The pre-Variscanhistory of the Certral WesternCarpathiansis not very well

known. Late Cambrian to Ordovician protolith agesfor meta-granitoids have
beenidenti ed only recerly in the polymetamorphosedcomplexesof Veporic

Unit (Putiset al., 2001;Janak et al., 2002;Gaabet al., in press).The Veporic

Unit is oneof three thick skinnednorth-verging Slovakocarpathian superunits

(e.g.Plasienla et al., 1997).1ts tectonic position is betweenthe Tatric Unit in

the North, which is dominated by Variscanmagmatism (e.g. Poller and Todt,

2000),and the GemericUnit in the South, which is dominated by Palaeozoic
sedimens intruded by Permian granites (e.g. Vozarova et al., 1998; Poller

et al., 2002).

Reliable radiometric ageson the Veporic Unit, especially U-Pb zircon ages
for the pre-Variscan history, i.e. older than 360 Ma, are only sparselyavail-
able. U-Pb multi grain dating by Putis et al. (2001) reveals Cambrian pro-
tolith ages(514 24 Ma) and Carboniferousages(348 31 Ma) in the poly-
metamorphosedcomplexesof the northern region. “°Ar 3% Ar step heating
dating of an amphibolite revealeda staircasepattern with old apparen agesof
up to 440Ma indicating old grainswhich werepatrtially resetby metamorphism
(Maluski et al., 1993). Janak et al. (2002) presens chemical Th-U-Pb mon-
azite dating with Ordovician (450-490Ma) and Carboniferousages(342 27).
Janak et al. (2002) interpreted this asa record of pre-Variscangranitoid mag-
matism and Variscan metamorphic overprint. Gaab et al. (in press), based
on single zircon U-Pb dating, constrainedan Ordovician agefor the protolith

(464 40Ma) and a Cretaceousage (82 40)for the metamorphic overprint of
the socalled \Mur an Orthogneiss"in the southern part of the Veporic unit.

The U-Pb geachronologicaldata imply signi cant di erencesin timing of pre-
Variscangranitoid magmatismin the Veporic Unit. The purposeof this study
is to resole this ageprogressionn detail by preseiing singlezircon U-Pb data
from the basemen rocks of the Northern Veporic Unit. The results together
with are-interpretation of the multi-grain data publishedby Putisetal. (2001)
argueagainstthis dichotomy and a coewal ewlution of the whole Veporic unit
during Palaeozoictimes is suggestedoy this study.

Andreas S. Gaab
Email address: gaab at mpch-mainz.mpg.de (A.S. Gaab).
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Fig. 1. Geological map of the Veporic Unit. Sample locations are indicated and
location name usedin this paper given. Outline of Slovakia with major rivers given
in the inlay. Bratislava (BR) and Kosice (KO) indicated.

In order to characterize the Northern Veporic Unit additional to the U-Pb
zircon data this study presers isotopic data for gneissesfrom the Koleso
valley. This data are comparedto the Tatric unit and to the southernpart of
the Veporic unit to resohe similarities and di erent sourcecortributions.

2 Geological Setting

The Veporic Unit consistof pre-Alpine basemeh complexesasserbled during
the Variscanorogety (Bezak, 1991,and referencegherein) that are overlain by
Upper Palaeozoicto Triassicsedimermary cover sequencegFig. 1). The poly-
metamorphicbasemeh comprisesgranitoids, migmatites, gneissesand amphi-
bolites, mostly mylonitized during Alpine overprint. In the Certral and North-
Eastern part of the Veporic unit locally presened para-autochthonous cover
include Upper Permian sandstonesand conglomeratesScythian quarzitesand
slates,and Middle to Upper Triassic carbonatesand shales(Foederataunit).

The South-Easternrim of the Veporic unit is composed of Carboniferous,
Permian and Scythian clastic sequencegartly forming an allochtonous unit

overlying the Foederatacover unit to the North-West.

Variscan magmatic and metamorphic ewverts in the Veporic basemeh have
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beendeterminedby U-Pb dating of zirc