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Zircon U-Pb geochronology and isotopic characterization for
the pre-IMesozoic basement of the Northern Veporic Unit

(Central Western Carpathians, Slovakia)

A. S. Gaab ', U. Poller ', M. Janâk 2, M. Kohiit •' and IV. Todt1

Abstract

Ordovician magmatism can be observed in the whole Veporic unit. New single and multi-grain zircon U-Pb dating
reveal an intensive magmatic activity between 470M60 Ma and a minor magmatic phase around 440 Ma in the
Northern Veporic Unit. Carboniferous ages of SHRIMP and single grain TIMS U-Pb dating in this unit document
intense metamorphism and magmatism during Variscan orogeny (350-330 Ma).
Previously published multi-grain U-Pb data in the same area have been interpreted to show Cambrian precursor
ages. A new interpretation of this multi-grain data is suggested, revealing an Ordovician (464 ± 23) precursor age and
a Carboniferous metamorphic overprint.Together with previously published data on the Southern Veporic Unit and
the data presented in this study, a common Ordovician precursor age for the whole Veporic unit is recognized.
The isotopic signature for the Pre-Variscan basement in the Veporic unit is distinct from published data for the Tatric
unit (Gneisses: S7Sr/86Srini460 between 0.712 and 0.715; eNdmeavM,0 between -8 and -10. Anrphibolites: 87Sr/86Srinj>460

between 0.708 and 0.710: £Ndini460 between 4.5 and 5.6). Only the Kralova Hola granites with a Variscan magmatic
intrusion age between 330-360 Ma reveal distinct signatures and show similarities with diorites and granites from the

High Tatra Mountains with 87Sr/86Srini 33(l of 0.704 and 0.706 and £Ndini 330 of -0.5 and -1.7.

Keywords: Ordovician, zircon, geochronology, isotope geochemistry.

1. Introduction

The pre-Variscan history of the Central Western
Carpathians is not very well known. Late Cambrian

to Ordovician protolith ages for meta-grani-
toids have been identified only recently in the
poly-metamorphosed complexes of Veporic Unit
(Putis et al., 2001 ; Janâk et al., 2002; Gaab et al.,
2005). The Veporic Unit is one of three thick
skinned north-verging Slovakocarpathian super-
units (e.g. Plasienka et al., 1997). Its tectonic position

is between the Tatric Unit in the North, which
is dominated by Variscan magmatism (e.g. Poller
and Todt, 2000), and the Gemeric Unit in the
South, which is dominated by Palaeozoic
sediments intruded by Permian granites (e.g. Vozâ-
rovâ et al.. 1998; Poller et al., 2002).

Reliable radiometric ages on the Veporic Unit,
especially U-Pb zircon ages for the pre-Variscan
history, i.e. older than 360 Ma, are only sparsely
available. U-Pb multi-grain dating by Putis et al.

(2001) reveals Cambrian protolith ages (514 ± 24

Ma) and Carboniferous ages (348 ± 31 Ma) in the
polv-metamorphosed complexes of the northern
region. 40Ar-39Ar step heating dating of an amphi-
bolite revealed a staircase pattern with old apparent

ages of up to 440 Ma indicating old cores in

amphibole, which were partially reset by
metamorphism (Maluski et al., 1993). Janâk et al.

(2002) presents chemical Th-U-Pb monazite dating

with Ordovician (490-450 Ma) and Carboniferous

ages (342 ± 27). Janâk et al. (2002)
interpreted this as a record of pre-Variscan granitoid
magmatism and Variscan metamorphic overprint.
Gaab et al. (2005), based on single zircon U-Pb
dating, constrained an Ordovician age for the
protolith (464 + 40 Ma) and a Cretaceous age (82 +
40) for the metamorphic overprint of the so called
"Murân Orthogneiss" in the southern part of the
Veporic unit.

The U-Pb geochronological data imply significant

differences in timing of pre-Variscan granitoid

magmatism in the Veporic Unit.The purpose
of this study is to resolve this age progression in
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Fig. 1 Geological map of the Veporic Unit. Sample locations are indicated and location name used in this paper
given. Outline of Slovakia with major rivers given in the inlay. Bratislava (BR) and Kosice (KO) are indicated.
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detail by presenting zircon U-Pb dating from the
basement rocks of the Northern Veporic Unit.
The results together with a re-interpretation of
the multi-grain data published by Putis et al.

(2001) argue against this dichotomy and a coeval
evolution of the whole Veporic unit during Palaeozoic

times is suggested by this study. In order to
characterize the Northern Veporic Unit additional

to the U-Pb zircon data, this study presents iso-
topic data for gneisses from the Koleso valley.
This data are compared to the Tatric unit and to
the southern part of the Veporic unit to resolve
similarities and different source contributions.

2. Geological Setting

The Veporic Unit consist of pre-Alpine basement
complexes assembled during the Variscan orogeny

(Klinec, 1966; Zoubek, 1957; Andrusov, 1958)
that are overlain by Upper Palaeozoic to Triassic
sedimentary cover sequences (Fig. 1). The poly-
metamorphic basement comprises granitoids,
migmatites, gneisses and amphibolites, mostly my-
lonitized during Alpine overprint. In the Central

and North-Eastern part of the Veporic unit locally
preserved para-autochthonous cover include Upper

Permian sandstones and conglomerates,
Scythian quarzites and slates, and Middle to Upper
Triassic carbonates and shales (Foederata unit).

Variscan magmatic and metamorphic events
in the Veporic basement have been determined
by U-Pb dating of zircons in the granitoids,
migmatites and orthogneisses (Cambel et al.. 1990;
Putis et al., 2001).The Variscan age (370-330 Ma)
of some Veporic granitoids has been documented
also by chemical Th-U-Pb electron microprobe
dating of monazite (Finger et al., 2003; Thöni et
al.. 2003). Some hornblende from basement
amphibolites preserved pre-Alpine ages (377-346
Ma; Dallmeyer et al.. 1996; KrâP et al., 1996). however

the 40Ar-39Ar do not show well defined
plateau ages, suggesting metamorphic overprint. In
the northern parts of the Veporic unit, in the Koleso

valley, garnet-bearing metabasites bear
evidence of eclogite facies metamorphism of
unknown age (Janâk et ah, 2003). The host rocks of
these eclogites show Variscan age of metamorphic
recrystallization. based on Th-U-Pb chemical
microprobe dating of monazite (Janâk et al, 2002).
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The grade of Alpine metamorphic overprint in
the Northern Veporic Unit is not very well
constrained. although at least greenschist to lower
amphibolite facies conditions have been suggested

for the basement (Putis et al., 1997). Janâk et
al. (2001b) documented that Alpine overprint in
the south-eastern parts of the Veporic basement
reached middle amphibolite facies conditions (up
to 620 °C and 10 kbar). All the Veporic cover units
were affected by Alpine metamorphism of low to
medium grade (Luptâk et al.. 2000, 2003).
Published geochronological data provide Cretaceous
metamorphic ages. The data include 40Ar-39Ar
dating of micas and amphiboles (Maluski et al.,
1993; Dallmeyer et al., 1996; Kovâcik et al., 1996;
Kral' et al., 1996; Koroknai et al., 2001; Janâk et al.,

2001a) electron microprobe dating of metamorphic

monazite (Janâk et al., 2001b) and Sm-Nd
dating of garnet (Luptâk et al., 2004).

3. Analytical Techniques

Zircons were separated front crushed rocks using
a Wilfley table, a Franz Magnetic Separator and

Dijodmethane heavy liquid. Because of the CL
control, no hand picking was necessary and the
resin mounts were prepared from the unmagnetic

1.2 A), heavy fraction, which contained mainly
zircons. The multi-grain fractions were sieved <74 pm
in ethanol.

The SHRIMP (Sensitive High Resolution Ion
Microprobe) analyses were performed at the

ANU in Canberra.The standards SL13 and FC-1

were measured for reference after 3 spot analyses.
Operating procedures for U, Th, and Pb isotopic
measurements followed those described by
Compston et al. (1984) and Williams (1998). For
isotopic ratio calculation the SQUID program,
version 1.02, was used (Ludwig, 2001b).

Isotope dilution U-Pb zircon analyses were
performed at the MPI for Chemistry in Mainz.
Inclusion free an simple grown zircons were selected

according to their CL image for analysis.
Digestion of the single zircon grains was performed
in teflon bombs according to Wendt and Todt
(1991) at 200 °C with HF-HNO, after addition of
3 pi 205Pb-233U mixed spike (corresponds to 80 pg
205Pb and 17 ng 233U) to each zircon. The multi-
grain fractions were weighted and. after addition
of 205Pb-233U mixed spike, digested with HF-
HNO, in teflon bombs. Pb and U were separated
using resin column chemistry (resin AG1-X8 100-
200 mesh) after complete dissolution for the single

as well as for the multi-grain analyses.The total

Pb blank was generally less than 3 pg and was
checked regularly during the analytics. The Pb
and U fractions are loaded separately with silica
gel on previously outgassed Re-single filaments.
Their isotopic composition was measured on a

Finnigan MAT 261 in dynamic mode equipped
with an SEM operated in analog mode. All ratios
were corrected for fractionation using the NBS
982 standard as reference (Todt et al., 1996). Common

lead correction was applied using the Stacey
and Kramers (1975) model composition at 460 Ma

Fig. 2 Zircon CL images for the Kralova Hola samples 02GA14 (left) and
02GA17 (right). Scale bar indicates 50 pm.
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Fig. 3 Zircon CL. images for samples from the Northern Veporic Unit. Localities shown in Fig. L. Scale bar indicates
50 pm. Zircons were analysed by CL-controlled single grain vapor digestion technique (for sample 03GA50 also
multi-grain conventional technique). Details on dating see Tables 2^1.
(a) Uplaz (03GA49). (b) Koleso (03GA18). (c) Mihalikovo (03GA50). (d) Drotacka (03GA48). (e) Hoskova
(03GA61).
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(206Pb/204Pb: 17 99; 207Pb/204Pb: 15 59. 208Pb/204Pb:

37.80). Intentionally no individual common lead
correction for the samples was performed to
enhance the comparability between the samples. An
individual common lead correction e.g. for the
Koleso sample (2(*Pb/204Pb: 18.50; 2'r7Pb/2»4Pb:

15.65; 2llKPb/20JPb: 38.45) would yield in an 4-5 Ma

younger age within error of the Stacey and Kramers

(1975) correction, thus no significant offset is

introduced by this.
CL images were obtained from resin mounts

of the zircon separates. The resin was checked for
Pb contamination by blank measurements using
the TIMS and no significant amount of Pb was
detected. The mounts were polished using
diamond polishing suspensions. CL and BSE images
were obtained by the scanning electron microscope

Hitachi S450 with 15 kV accelerating voltage

equipped with a CL-detector.
Main and trace elements were analyzed on

powder and melt tablets by RFA at the University
of Mainz. For Sr and Nd isotopic analyses the

powdered whole rock samples were dissolved
using a microwave assisted acid digestion as
described in Gaab et al. (2005) and were separated
using column chemistry according to White and
Patchett (1984). For WR-Pb-Pb analyses rock
splits were leached in HF-HNOj and Pb was
separated using resin column chemistry as described
in Gaab et al. (2006). The isotopic data for Pb. Sr
and Nd was measured at the MPI for Chemistry in
Mainz using a Finnigan MAT261 in static mode.

4. Samples for Geochronology

Samples for single and multi-grain U-Pb zircon
studies were taken on the southern slope of the
mountain ridge "Krâl'ovohol'ske Tatry" north of
the village Helpa in Central Slovakia. Additional
the Hoskova sample was taken along the northern

slope of this mountain ridge according to the

outcrop described in Putis et al. (2001).The location

names were assigned according to the
topographic map "Turistickâ mapa 1:50 000 'Nfzke Tit-

try Krâl'ova Hol'a' no.123,3.vydanie".
The samples from Kralova Hola were ana-

lyzed by SHRIMP, the other samples were
analyzed by the vapor digestion single grain or
conventional mulit-grain technique.

4.1. Kralova Hola

Kralova Hola is the easternmost peak along the
Krâl'ovohol'ske Tatry mountain ridge. Sample
02GA14 was taken near the top at 48° 52' 20"N:
20° 09' 20"E. It is a strongly mylonitized granitic

feldspar-augen gneiss. Additional an undeformed
granite (Sample 02GA17) was sampled at 48° 50'
40"N; 20° 07' 52"E. Petrographically and geo-
chemically these two samples are very similar,
only the degree of tectonic deformation is different.

Zircon CL images for both samples are
shown in Fig. 2, In general, the zircons are simple
euhedral magmatic zircons with magmatic zoning
as seen by oscillatory magmatic growth in Fig. 2.

No metamorphic rim can be observed. Only a

minor part of the zircons exhibit small remnants of
cores.

4.2. Koleso valley

For the U-Pb zircon dating sample 03GA18, a

granitoid boudin in strongly deformed felsic
gneisses was sampled at 48° 53' 55"N; 19° 59'
L5"E.

The zircons of this sample (Fig. 3b) have a low
CL brightness. They show magmatic zoning in the
central parts. The rims are strongly influenced by
resorption and recrystallization effects, thus the
zircons appear quite rounded in the CL image
(Fig. 3b).

4.3. Uplaz and Drotacka

Samples for U-Pb single zircon analyses were
taken at 48° 52' 50"N; 19° 54' 5()"E on the southern

slope of the Krâl'ovohol'ske mountain ridge
3.5 km north of Zâvadka nad Hronorn.

In the Uplaz valley sample 03G A49 was taken
along a roadside cliff. This sample resembles an
intermediate to felsic gneiss, strongly deformed
and quite similar to the felsic gneisses in the Koleso

valley. CL zircon images are shown in Fig. 3a
and reflect intense resorption and recrystallization

features at the rims. Magmatic zoning is

present in the inner parts of the zircons, which
reveal a low CL brightness.

Sample 03GA48 resembles a fine-grained
granitoid with no apparent deformation, very
untypical for the basement in this area. It was sampled

on the Drotacka ridge, 500 m east of sample
03GA49. CL zircon images are show in Fig. 3d.
The zircons show intensive magmatic zoning.
Nevertheless resorption structures can be
observed in most grains.

4.4. Mihalikovo quarry

Directly above the abandoned quarry near the
Mihalikovo valley at 48° 50' 05"N; 19° 39' 35"E
sample 03GA50 was taken at a small cliff consisting

of strongly layered and deformed intermediate

gneisses. The CL images of the zircons from
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this sample are shown in Fig. 3c.The inner parts of
these zircons show magmatic zoning, but the
zircons also exhibit intensive resorption and meta-
morphic rims.

4.5. Hoskova valley

The sample 03GA6I is taken near to the outcrop
described for the sample VBNT-76L in Putis et al.
(2001 at 48° 55 '22"N; 19° 53 '55"E.The sampled
cliff is 50 m above the road opposite to the small
creek on the southern slope of the ridge. The cliff
consists of strongly banded amphibolites interlay-
ered with Pl-Qtz rich felsic gneisses.

Zircons for this felsic gneiss are presented in
Fig. 3e. They show magmatic zoning in the inner

parts but also strong resorption structures and
rims with a bright CL intensity most probable
linked to a metamorphic overprint.

5. Samples for Geochemistry

Samples for the geochemical studies were sampled

in the Koleso valley north-east from Helpa
and on top of Kralova Hola (Fig. 1).

5.1. Koleso Valley

In the Koleso valley a large variety of basement
rocks occur. Most prominent are felsic gneisses
with variable amount of Si02 present (Table 5). i

0.075

P 0.065
m
CN

CL

o 0.055

0.045

0.035 Mihalikovo

Mihalikovo
MG

Hoskova MG
(PuttS, 2000)

Murân
(Gaab et al 2005)

Hoskova

Kralova Hola (shrimp)

Koleso

Fig. 4 Compilation of the U-Pb zircon data to identify the two main magmatic/metamorphic events recorded in the
Veporic basement. Intercept ages and error bars are indicated by the arrows. Please note that the x- and y- axis are
shifted for each sample. Data from Gaab et al. (2005) and from Putis et al. (2001) given for comparison. Please note
that the discordia lines for the latter dataset differ from the originally published one. For detailed argumentation see
chapter 6.3. The Kralova Hola data are measured on SHRIMP (Table 1), all other data are TIMS measurements
(Table 2). Lower intercept ages are recent except for the Murân (Gaab et al., 2005) sample (see Table 4).
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Intercalated with these felsic gneisses are garnet-
bearing amphibolites. All samples show intense
deformation and exhibit lineations.

For geochemical analyses samples for the felsic

gneisses (02GA01. Q2GA06 and 02GA10) and
for the amphibolites (02GA04, 02GA11 and
02GA12) were collected in this valley. In addition,
a gabbro with magmatic features, sample 02GA
08, was sampled for comparison with the
amphibolites. To record the Pb isotopic variation of
these rocks, samples 02GA01-02GA12 and samples

03GA25-03GA32, taken from the same
outcrop as sample 03GA18, were used for WR-Pb-
Pb analyses.

5.2 Kralova llola

The samples used for geochronology (02GA14
and 02GAÎ7) were also analyzed for their isotopic

composition.

6. U-Pb zircon dating results

U-Pb zircon dating presented in this study was
performed on 7 samples from the Northern
Veporic Unit. Locations of these samples are
indicated in Fig. 1 and zircon CL images of each sample

are show in Fig. 2 to Fig. 3c. The data for the
individual grains are given in Table 1 for the
SHRIMP analyses and in Table 2 for the single
grain and mulit-grain analyses.The concordia
diagrams are presented in Fig. 4 as a compilation of
all samples to pronounce similarities and differences

observed for the samples. Table 4 presents
the exact upper and lower intercept ages for all
samples investigated in this study. Discordia ages
and diagrams were generated using ISOPLOT
(Ludwig, 2001 a).

6.1. SHRIMP dating

The samples from Kralova Hola (02GA14 and
02GA17) were dated by SHRIMP. Both samples
belong to the same lithological unit, which is

demonstrated by similar isotopic composition of
these samples (Table 5). Also the zircon populations

of both samples are very similar (Fig. 2).
The measurements for both samples does not

result in a concordant age, even if the individual
measurements are mostly concordant for themselves

(Table 1 ).That the populations are not
concordant is most probably generated by an
underestimation of the analytical error of the individual
measurements. Nevertheless a good overlap for
both samples can be observed in the concordia
diagram (Fig. 4). The mean 206Pb/ 238U age results

in an age of 356 ± 10 and 359 ± 6 (02GA14 and
02GA17, respectively), which overlap within
error with the discordia ages of 349 ± 26 and 345 ±
11, when calculating with recent lead loss (Table I

and Table 4). This age of 350 Ma is, in accordance

with the CL images (Fig. 2), interpreted as

magmatic intrusion age.
Cores are present to a minor extend in zircons

of both samples and reveal 207Pb/ 206Pb ages
between 1700 and 1500 Ma.

6.2. Conventional dating

The Koleso and the Uplaz samples reveal similar
upper intercept ages of 462 ± 10 and 467 ± 8 Ma,
respectively (Table 4). Individual grains are
discordant and a discordia line with a lower intercept
at recent times can be inferred (Fig. 4). 206Pb/2,MPb

ratios are between 80 and 900 for the Koleso sample

and between 65 and 2650 for the Uplaz sample
(Table 2). One zircon of the Koleso sample
reveals an old 2ll7Pb/2(l6Pb age of 1500 Ma. Two
grains of this sample reveal slightly older ages as

the upper intercept age of the discordia (Table 2)
and they are not used for regression (Fig. 4).
Nevertheless plot these grains in agreement with the
discordia line intersecting the concordia at 462
Ma and recent times. These ages are interpreted
as magmatic intrusion ages, as the CL images of
the zircons show clearly magmatic oscillation in
the cores (Fig. 3b and Fig. 3a).

A slightly younger intrusion age of 440 ± 7 is

revealed by the single grain data of the Mihalikovo
sample.This age is additionally constrained by
multi-grain data on the zircon sieve fraction <74 pm.
The multi-grain measurements, with 206Pb/204Pb

ratios between 2860 and 4450, result in an upper
intercept age of 443 ± 6 and recent lead loss (Table

2 and 4). Details of the multi-grain measurements

are given in Table 3.
The ratio of the radiogenic lead (Pb*) and the

weight of zircon fraction records the effect of the
HN03 wash step. Washed fractions have ratios of
~ 50, whereas the not washed fractions have lower
ratios between 32 and 43 (Table 3). This
documents that during washing a large amount of less

radiogenic minerals were dissolved resulting in an
increase of the radiogenic lead measured.
Nevertheless, this does not influence the results of the
multi-grain dating, because all fractions plot nicely

along one discordia line. The single grain data
of this sample plot closer to the concordia line
than the multi-grain data. The zircons used for
single grain dating were mostly larger than 100

pm (Fig. 3c), whereas for the multi-grain dating
only zircons smaller than 74 pm were used.There¬
fore a correlation between the discordancy and



76 A.S. Gaab et al.

TD

O
O
C
O
O
.52

c
X

Ok

g
S
X
C/3

T-cO'-oocor^r-'-h-'t'fCOCMlDCOOICOCOCM in o r»- o co ot- i- CD CM cm co r-

oioiiocooicO'-cococooi'î'ToiifitûoiioaocMnw(D'TcDOlOlOl'ttMtO^OOCOO'ÎWWNO^ifinCOcococococmcmcdcdcocococmcococococococdcoSco

COCDSOIIDNIOIDS
cococococococococo

CONNCONCDN OîCOSOCO
cococococococococococbco

O) CVj to
CO C\j CO

O) O) Ol CO

co cd
O^^COOlNlOIM'-COTfcOOlCO

- _ _ tNOICO^NCVlt^OtOlOœtOmcoiocoGGinioiococoioiococoiococococoiococococococococococococococococococococdcocog

co o r». CM CO O) co co 1^ r-» co LO CM h» co m CO co CO _ CO o O o o CO o CO o CM c CM

o co m g CO h- G co h» co in co m CO co CO co co q CO q (0 C0 CO CO co co CM CO m co O) co m m
o o o o O o o o o o o o o O o o o d o o o d) o o O o o o o o o o o O

E E

CO h» 00 m o co co O) O) rv. CO CO G m G CM co G O) CD m co co O) co O) m o o h»o o o o o o o o o o o O o o o o o co O o o CM o o o CM CM Oo o o o o q o o o o o o o o o o o o o o o O o o o O q o o o O o
o o o o o d o o o o o o o o o o o o o o o O o o o O o o o o O o

3 r- m o Is- CO co o CM co O) co O) CO o CM o r-» G CD CM G CO O) o o CD co
S CM o o CM CM CM CM co co o CM CM CO CM co co CM CM CM o o CM CM co co G

G G G G G G G G G G G G G G G G G G G G co G G G G G G G G q G CO

Q. o o o o o o o o O o o o o o O O O O o O co O d O O O O O O O o

co CM g co co co co co CO G G G CO co co CO co CO G CM O) CO m CO G CO r-» G CO o m coo o o o o o o o O o o o o o o o o o o O o o o Q o o O O o oo o o o o o o o o o o o o o o o o o o o o O o o O o o O O o o Go o o o o o o o o o o o o o o o o o o o o o o o O o o o O o o oo o o o o o o o o o o o o o o o o o o o o d o d d d o o o d o o
3 o m G co O) O) CM O) O) r^» Is» o O) CM m co o co co co m co co co co m CD co

co m m co CD co Is- m CD co D» r-» (D co co D' co h» CO co G co m r-- r- co N- K co CD G
LO m m m m m in m LO LO m m m m m m m m m LO m m m m m m m m m CM m mo o o o o o o o O O o o o o o o o o o o CM o o o o o o o o o o

§ d o o o o o o o o o o o o o o o o o d o o o o o o o o o o O o o

3 O O g Is» o o m O) CM co co co co co G G co G h» in h- o LO G LO CM CM o
CVJ h» co m co co LO LO co co G m g co o CO LO co co G m in co G O »— r^ Is» CM

Jr
d o d o o o o o o o o o o o d o O d o O o d d o o O o O d d o O

x:
i— G 00 g m O) g co CM co Is- g O) CM co co co LO h- O) co co h» co CD N- o co CD m m CO

g co g o o co CO co co co CM co O) G co G m CT) h- m o o O) CO o G G CD a> K
E
CL
Q_

m g CM g in CM g co G co CO G G co m CM CO G CM O)

3 CM co o h» O o g co co o o CM Cû CO N- co CM CM CM G CD co co h» r- co CO o mE o O CO co G Is» g co co O) O) m G) O G o O O) o CD Is- 00 co en co G m
c. co 00 G co co G co LO h» co m h» co CO m CO G CO O) CO G in co G G G co
Q- T_ T~ '"- CM

X)
CL E

CO m O) co Is» co CO o in g co o G m co CO O) CO Is- Is» h» co CO co m co h»
o E g CM T— — CM o O) CM T- O o o co O o O CM CM q C0 co T- o G T—

oo o o O d o d o o o o o O o o O o o o O o o O o o o o o o o o O O

(7) G LO CO CO CM Ol ^ lO N 'tlOCOO^lfllfi't

O) O G oiloot-oi^cocmo
T- CO O r- T- T-

ONNwui'jcocMmiotoiowajoW0)(0'-C0(0N'-OC0C0C0T-C0T-CM'— T— CM'— T— CMCMT— T-T— CMCMO
Ol CM (O CO CO
O) CO O T- CO

1- 1- CM CM i-

cooooo)h-T-coa)h~CMO)coooicocor-~ciid'-dd-r^ddö'-cid-r-'ödcici
cm G r-- co

_ M- co M-Loiomioioioioiocoioifiioioioioioiiiioiouioooooooooooooooooooo

iri't'tioifi'j-ifiuifißio^inioiom i g in in
LU LIJ LLJ LU LU LU LLI LU LLI LU LU UJ UJ UJ LLI LLl

'
UJ UJ UJsincooir-ioroiotioioococoio ocoo)oiw'-côcd^Nr-'incdN^tûiriciioi CM ^ g

CM CM co O) O)

OINCOCOCO'-'-M-NNODiOCOONCD'-NCMCOCOCOCMCOCOCOCO

Nocq^cocqq-tncoco^'idcococo^-'foid
OlfiCON CMCOCOCNISCMCO'-
wdiûoioicooT-oiajiocotoiocoioiococofioiouicoCOCOCOCOCOCOCOCOCOCOCON

co o o oo in g

OlCOCON-tOOCOaiCOCM

CONOCDlOOlî-COOlCO'tNCOO'fCM'ÎCOCMCMO'-O'-'-OOOCMCM

•T— CO CO

T— CM O

Ot'-OlT-T-SOl'tNGcoGGh»h»GcoGcomioioioiomifimioiooooooooooo

-ttlOiOt-JiflifliOTlülLüjüjujujujujlijllii/i'tco'îN'-r-ojqqCOIs-G CMcbcD'«--CM

<o

g g g g



Isotopic characterization ofnorthern Veporic unit, Slovakia

K°"

i 8

CD -"J CO CD CM CM

UIOIIINONCOCOCOCOCOT-CMCMCMCOCO'

CM CO CO
CM TJ- in

(fl CTl N
CO CD O
•M" CO CD

CO CM O
T- CM T-
O O O
Ö Ö Ö

CO LO M-
t- CM Lf)popÖ Ö Ö

o o o_J _l _l
O O O

P 00 CO CO CO -

o M- in CM lO CO
CO CD CD O) CM CD CO
CO CM C — CO CO CO CM

ooooooooo
COT-^M'M'COUJ^Nr-COCDCOCMCOO-COCO
•-M-NCDCOCOCOCOCD(OCOlO'fNO^^pÖÖÖÖÖÖÖÖÖ

intOlCMCOCOOCMCO
*— »— Ox— oo*— ooooooooooooopopppooÖÖÖÖÖÖÖÖÖ

<-OlO(OCOU)NCMCOCMCMCOOCOfCOOCOminnor-coococoCOOCMCMT-T-T-OOÖÖÖÖÖÖÖÖÖ

mcOCMCMNffliDCMCM'tTtlOCO'-WK'TlOCM 1- CM in o

N(OCM<tCOCOCOO)COor-oooT-oox-000000000ÖÖÖÖÖÖÖÖÖ

'toitN'-'tincO'fOCOOOCMCOO-OTJ-pOOppOO'-;COÖÖÖÖÖÖÖÖÖ

OOOOOOOOO
OOOOOOOOO

r- x- m>C£)COomr~-CMCDCDcOl)(ÛT-^^^^IDCMCM'

0)(0NfflCMnCM01O01NCMC0(D^0)NOCMcomNificûininœvnmncMT-cooiCMinco

(ûinocnCMCMCMCMi-OCMCM

"CMO)OCMO(û(OinC\lNffi')CDlÛTfcDP)CM'-NO)CMfilOO'tM-'tTM-CMCOtM-C

CM CM CM CM CM CM CM

OOOOOOOOOOOOOOOpOppOpÖ Ö Ö Ö Ö Ö Ö

m m en cm m m
<f i- O (\l O V O)
O) CO CD CO CT) CD CO

o 0 o 0 o 0 0
Ö Ö Ö Ö Ö Ö Ö

OOOOOOOOOOOOOOOOOOOOOÖ Ö Ö Ö Ö Ö Ö

N N Cl N N r _OOOOOOO)cd co cd en co en mOOOOOOOÖ Ö Ö Ö Ö Ö Ö

TT CD N CM O O) m
CD CD CD CM in CD m-
CO 1— T- CM CM CM M"
CM CO CO CO CO O -M-

CM CD in ^ N M _O CM T- CD O CD

N S x ^ O in N
CM un CO Tf CD CM T-

K) CD N S '

OOOOOOO

il33ä9:

(DOOCMCDlDCOMnCMOinCM1-COT-CMOOOOOOX-OO0000000000000pppppppppppppÖÖÖÖÖÖÖÖÖÖÖÖÖ

CD CO r- Or-O^fOCMCDinCMCM(D'-NinfCMNCDlOCD^OCOCDCDNi-CDCDinM-T-Tfi-CMCDO CM CM CM T- T- T- T- 1- X- r- T-_
—

ÖÖÖÖÖÖÖÖÖÖÖÖÖ

inmcOCDCMCMx-CMx-x-CMx-00000000000000000000000000ooooooooppppoÖÖÖÖÖÖÖÖÖÖÖÖÖ

CMCMOCOOi-CÛOCM'-'fD.CONCONNOCÛffl^OCOlÛCOCOM-CMOCDCONSNNCÛCDCDCMx-x-x-OOOOOOpppÖÖÖÖÖÖÖÖÖÖÖÖÖ

CM X- O in '

CD CO x— CO CÛ IX") CD x— _1-NCMnOOCDCMNICOlDCÛCÛNOOCOCO

OOU)(0(DNrO"}0)OOfflaiinincoiD'tcMcncocûN'-"W O O r; r; r- x-; CM CD Tf CM C*î

ÖÖÖÖÖÖÖÖÖÖÖÖ

000 000 00J j Jüü J j JÜÜ-J-IÜOOOcflWÜOUWWÜÜW

l l 1 1 1

oiO'-'-co^Oin m m co^v.CD'-OTTi-^^coM-M-Wi



78 A.S. Gaab et al.

cnomniMtcnnnwW'-wnmsir)N'fiDaSoiDiowNMnœmiûoiO'-

m w tth- CO CM
CO CO t

- in in co in to ]

coiDCTiNoifi'-inin'fNmoiN(OCOCMtDNintOCTlCON^NCOinTtococotocococotocorfin^o

tOCOCMWCOCOCOCMCilNtOCVJincO^

coNONioNrincor-tommacj'-'-inincO'-coNiûoaicoMM-tococococotocototOTfinTjco

^ooNcuiûcoiûioiomcocO'-int^T-T-1-OT-OOOOOOOOOOOOooooooooooooooooo

i(ONtoo)cnwtDcocno)coinc\io)W
_ .•mTfcnO'-'-tO'ttococomcoinNtûO'îtûmin'jcowNWwcO'îcnoiû-^COWWNNOJCMT---OOOOr-r-o o o o o < >0000000000

'tTfinmM-cgtMWwtO'-'-i-'-cotoNooooooooooooooooooooooooooooooooooOOOOOOOOOOOCJOOOOOööööööööööööööööö
_ r-ffitûtOMNtOWWtûi-COtDi-NmoicominnoM-wotM^tncoMMNcoNocoinininffinwooitoscoNCMCMi^T-T-i-T-T-T—T—^-qqqqqööööööööööööööööö

MO>mM-r-0>0)'îN'-ai'tCONONNtooftomNin

C\l C\l CO CO CO CT) fI CM CO
CO O) _qqc\jis^O;c\ioqcqiocoo''t\t-CMOocM

>*— ÖÖÖÖÖÖCMÖÖÖÖÖÖÖÖ

COCOOcOOr-cOCOOCMtOCOCOOCOCMCOM-njcyr-oicococotûN'-cni-'-M-coNo>tooincp(\i(»ioo)rn(ûcowp)r-or-Öi— ÖÖ-r—r-lO'— ÖC\iCMCOÖÖC\i

UDCM'M- T-mN--(\i(\Jcni-cncûMmcoM
CMuSuSuSuScvJCMCMuSuSuScMCMlÔlÔlÔCM
mwmmNmininmwcMinmwinmin<<<<<<<<<<<<<<<<<

o> to ai o m
m s -t co to i
O- O- Tj- Tf TJ- '

co s m O) m o

COCMCMCOCMCOCMCM

oiNinM-incncnco*-0000000ooooooooqqqqqqqoöööööööö
ooco-M-mococooCOO-IO^CDT-COCO-oioimwcMWoi
öööööööö

<OCM*-*-CM*-CM*-OOOOOOOOOOOOOOOOqqqqqqqoöööööööö
CMCMinncocooioiM'CMOITOICON'-N<t(ONCOCO(OCOc\)r-qqqqqqöööööööö

c\i N uo f in ^ cq oör^NcocncdN*-'*- *- CM CM

NOtflDCMOlOINCONCOCMNOCM*-
T- *3- CO O CM CM CO

*-*-*- CM

<-nincM*-CMNinCOOlCOCnCMN'-CMqojoinooiooöööööööö

ooooor--cocooi'-'tiO'-NoinOl N O) q T t-; *f T-
Ö Ö T-' ö cri Ö r-'

OOOOOOOOi i i i i i i i

OOOOOOOO

the grain size becomes apparent. Smaller
zircons display a larger degree of discordancy

(Fig. 4).
The CL images of the zircons show re-

crystallization and resorption effect at the
rims, nevertheless are the upper intercept
ages interpreted as magmatic intrusion
ages, as the inner parts clearly show
magmatic oscillatory zoning (Fig. 3c).

Younger ages are revealed by the
Hoskova and the Drotacka samples. Most
analyses of these samples resulted in
»Mpb/aMpb ratios below 100 and were
discarded. Nevertheless, some analyses gave
reasonable ratios and result in upper
intercept ages of 334 ± 19 and 329+72-34,
respectively (Fig. 4, Table 4). As can be
seen in Table 2, the U concentrations in
the zircons are very low and therefore
accordingly also the radiogenic lead
concentrations. This results in a large common
lead correction and some analyses are not
used for regression (indicated also in Table

2). The reverse discordancy of some
analyses is produced by the analytical
uncertainty and therefore mainly in the common

Pb correction. Nevertheless, the low
20fipb/2°4pb ratios were reproducible for
separate dissolution steps for both samples.

Thus this is not due to contamination,
but due to low IJ and therefore the low
radiogenic lead concentrations of the
zircons.

6.3 Discussion of the U-Ph data

The compilation of all U-Pb zircon data is

presented in Fig. 4 and in Table 4. Additional

to the samples presented in this
study the single grain data presented in
Gaab et al. (2005, Murân gneiss, locality
indicated in Fig. 1) and the multi-grain
data for the sample VBNT-76L published
in Putis et al. (2001, sample from the
Hoskova locality indicated in Fig. 1) are
included. Please note that the latter data
are reinterpreted and the intercept ages
do not correspond to the originally
published. This will be discussed in more detail

below.
A good accordance in the upper intercept

can be observed for Koleso
(03GA18), Uplaz (03GA49) and Murân
sample (UPI 115) (Gaab et al., 2005). All
these have an upper intercept age
between 470 and 460 Ma. Most zircon analyses

of these samples are discordant, but
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Table 3 Details of multi-grain analyses of sample 03GA50(MG) from Mihalikovo. Pb*
and results given in Table 2.

analysis no. sieve fraction weight weight of HN03 Pb* weight
[gm] of fraction [mg| spike [mg] wash of fraction

Ml <74 8.778 .015 no 32
M2 <74 7.559 .015 no 43
M 3 <74 6.029 .015 no 39
L39 <74 3.077 .019 yes 51

L2 <74 2.615 .019 yes 49
L17 <74 2.405 .016 yes 50
1.42 <74 1.815 .012 ves 49

only the Murân sample reflects a clear Alpine
lower intercept age of 88 ± 40 Ma (Gaab et al.,
2005). The two other samples are interpreted to
show recent lead loss (see Table 2). Recently
described HP-metamorphism in the area of the
Koleso valley (Janâk et al.. 2003) is not recorded
in the U-Pb systematics of the zircon. If this is due
to sampling or if the HP event did not influence
the U-Pb systematics of the zircons in the Koleso
valley can not be discussed with the available
data. Only the zircons of the Murân area record a

Cretaceous event, where intensive and pervasive
metamorphism is described (Janâk et al., 2001a;
Luptak et al.. 2000).

The Mihalikovo sample (03GA50) yields a

slightly younger upper intercept age of 440 Ma
for both, the single grain analyses and the multi-
grain analyses. Two single zircons yield 20flPb/238U

ages older than 440 Ma (449 ± 2 Ma and 462 ± 9

Ma) indicating slightly older components present
in the zircons. Recent lead loss must be assumed
for this sample.

A completely different age spectrum is given
by the Drotacka (03GA48) and Hoskova sample

(03GA61). Zircons of both samples have
extremely low uranium and radiogenic lead
contents. Nevertheless both samples yield discordia
intercept ages between 360 and 320 Ma, which are
clearly distinct from the ages of the previously
described samples. Similar Variscan ages are also
observed for the Kralova Hola samples (02GA14
and 02GA17) by SHRIMP dating presented in
this work.

"Hie Ordovician ages of the Uplaz. Koleso and
Mihalikovo samples are interpreted as magmatic
formation ages in concordance with the CL-imag-
es.The ages for the Kralova Hola samples clearly
indicate a Variscan magmatic event (see Fig. 2).
even if the sample 02GA14 is strongly myloni-
tized. The nearly identical ages for the deformed
and the undeformed sample proof that this
deformation and metamorphism did not influence the
U-Pb system of the zircons. Also the ages of the
Drotacka sample are interpreted as magmatic
ages, because of the apparent absence of
deformation of the specimen and of the mainly
magmatic zoning present in the CL images. Only for
the Hoskova sample it must be discussed, if the

Table 4 Compilation of the intercept ages shown in Fig. 4. Reinterpreted data from Putis et al. (2001 and the data
from Gaab et al. (2005) are included.

Sample Location lower upper no. of MSWD Probability
Name name intercept +2cr -2(7 intercept +2(7 -2a points of fit
03GA48 Drotacka - 329 34 72 3 0 0.99
03GA61 Hoskova 0 0 0 334 19 19 4 1.2 0.31
02GA14 Kralova Hola 0 0 0 345 11 11 20 1.1 0.34
02GA17 Kralova Hola I) 0 0 349 26 26 11 2.3 0.02

VBNT-764a' Hoskova 464 8.3 23 1297 1100 790 2 0 1

VBNT-764b' Hoskova 333 120 110 489 77 50 2 0 1

03GA18 Koleso 0 0 0 461.6 9.8 9.9 14 0.3 0.99
03GA49 Uplaz 0 0 0 468.6 7.8 7.9 8 0.76 0.62
UP1115 2 Muran 88 34 40 464 36 33 6 0.36 0.84

03GA50SG Mihalikovo (1 0 0 439.8 6.6 6.6 9 0.47 0.88
03GA50MG Mihalikovo 0 0 0 442.6 6.1 6.2 7 1.7 0.12

1 reinterpreted intercepts of multigrain data from Putis et al. (2001
2 data from Gaab et al. (2005)
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Table 5 Geochemistry for the samples from the Koleso valley. Main elements are given in wt%, trace
element in ppm. 'bd' for below detection limit.

Felsic Gneisses Amphibolites Gabbro
02GA01 02GA06 02GA10 02GA04 02GA11 02GA12 02GA08

Si02 73.67 58.97 61.33 46.37 49.47 48.26 42.51
AI.Ö, 11.9 21.9 19.73 13.4 18.43 16.64 9.75

Fe,0,(t) 4.24 8.43 7.56 18.09 15.12 13.85 12.07

MnO 0.03 0.14 0.11 0.29 0.19 0.29 0.18

MgO 1.24 2,38 2.29 8.33 3.58 5.04 22.47
CaO 0.87 0.38 0.26 9.06 6.23 10.17 6.4
NaT) 2.32 1.34 0.84 1.51 1.28 0.75 0.76

K20 2.96 3.72 4.98 0.13 1.93 0.77 0.15

TiO, 0.77 0.96 1.03 3.68 1.75 1.52 0.6
p2o; 0.07 0.08 0.06 0.38 0.31 0.33 0.04
Sum 98.89 99.69 99.41 101 98.96 99.23 99.79

Sc 13 13 14 42 39 42 27
V 76 113 104 512 165 285 144

Cr 57 95 84 22 798 884 1212

Co 63 44 37 98 93 98 88

Ni 29 46 45 37 206 326 354
Cu 3 20 10 37 40 29 36

Zn 63 147 129 146 92 128 78

Ga 17 31 30 28 23 21 11

Rb 101 69 206 3 74 24 8

Sr 224 161 156 387 202 377 67

Y 25 26 36 45 30 27 15

Zr 283 165 277 218 110 95 58

Nb 16 22 20 28 22 15 3

Ba 703 784 1281 bd 763 92 38
Pb 15 30 43 5 16 10 4

Th 15 16 19 bd bd bd bd
U 2.6 4 2.3 bd bd 0.9 bd

La 41 38 49 19 8 7 3

Ce 74 80 97 53 18 25 9

Pr 5 9 13 11 4 7 bd
Nd 28 34 42 30 10 7 3

Stn 4 7 9 8 1 6 2

U-Pb zircon age reflects a magmatic or a meta-
morphic event as the zircons reflect strong resorption

and recrystallization effects. The sample itself
is strongly deformed and recrystallized in amphi-
bolite facies conditions, thus implying that meta-
morphism may have had great influences the U-
Pb systematics of the zircons. Previously
published data by Putis et al. (2001) is, as can be seen
in Fig. 4, in good accordance with the single and

multigrain data of this study, if the data are
reinterpreted. Putis et al. (2001) calculated one dis-
cordia line from three of four multi-grain data
points and interpreted a Variscan metamorphic
event at 348 ±31 Ma and a Cambrian magmatic
event at 514 ± 24 Ma. The complete dataset can
also be interpreted using two distinct discordia
lines and all measured data points. According to
this interpretation, the discordia (for the abraded
and the HF leached fraction) reveals Precam-
brian ages of 1300 Ma, similar to the few old

grains observed by the single grain data presented
in this study, and a lower intercept at 464+9-23
Ma. The second discordia for the sieve fractions
>80 |im and >60 pm reveals a similar upper intercept

with a large error and a lower intercept at 330
± 120 Via. which may corresponds to the Variscan
event (see Table 4). This new interpretation is in
accordance with the pre-treatment of the multi-
grain fractions, because abrading and leaching
removes mainly the outer parts of the zircons and
old cores gain a greater influence on the ages.
Therefore two main phases are recorded in the
zircons of the basement in the Northern Veporic
Unit: a mainly magmatic Ordovician event and a

combined metamorphic-magmatic Carboniferous
event. An Cretaceous metamorphic event is only
locally recorded in the zircons, especially in the
southern parts of the Veporic Unit (Murân gneiss;
Gaab et al„ 2005).
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7. Geochemistry Koleso Valley
and Kralova Hoia)

Geochemical and isotope geochemical analyses
were performed on samples from the Koleso Valley

(Fig. l).The results for the main and trace
elements are given in Table 5. The isotopic data is

given in Table 6 for the WR-Pb-Pb analyses and
in Table 7 for the Sr and Nd isotopic composition.

7.1. Main and Trace Elements

Samples are classified either as felsic gneisses or
as amphibolites (see Table 5). The Si02 content of
the samples from the Koleso valley vary from 74

to 46 wt%.The total alkali contents for the felsic
gneisses are between 5 and 6 wt%, whereas for
the amphibolites between 1.4 and 3.2 wt%. No
consistent predominance of K20 vs. Na20 can be
observed for both lithologies. The felsic gneisses
are enriched in Pb, U and REE. The amphibolites
are enriched in AKO,. CaO.TiCh and Sr.

The gabbro shows a completely different
geochemistry than the amphibolites. The gabhro has

very high MgO concentrations of 22.5 wt% and

relatively low Fe203 concentrations of 9.75 wt%.
Also Cr and Ni are quite enriched with 1212 and
354 ppm, respectively. In comparison to the
amphibolites P2Os and the total alkali content is
significantly lower. Therefore this gabbro reflects a

complete different origin, being more primitive
than the amphibolites.

7.2. Whole-rock Ph isotopic composition

The WR-Pb-Pb (whole-rock Pb isotopic composition)

analyses were performed to gain information

on possible sources and the evolution of this
unit. This dataset will be compared to the WR-
Pb-Pb dataset available for the Southern Veporic
Unit (Gaab et al.,2005). Additional these datasets
enable a comparison of the Veporic unit with data
from the Tatric unit published by Poller et al.

(2001). Samples for the gabbro from the Koleso
and the granites from Kralova Hola were also
included. To clarify the main influences on the common

lead dataset a principal component analysis
was performed. This analysis rotates the axes of

Table 6 Whole Rock Pb-Pb data for samples from the Koleso valley and from Kralova Hola. Multiple splits
were measured for each samples to observe the whole range of Pb isotopic composition.

»'Pb
2<r X 10 4

-'"7Pb
2crX 10-4

2l"'Pb
2cr X 10-4

207Pb
2<r\ 10-4

204 Pb 2(Hpb 2(Hpb 2116 Pb

02GA01-1 18.6580 17 15.7051 16 39.2763 35 0.8417 0.03
02GA04-1 18.5152 56 15.6485 54 38.5485 1 18 0.8452 0.30
02 G A06-1 18.3010 8 15.6706 6 38.5973 18 0.8563 0.01

02GA10-1 18.5306 13 15.7538 8 39.5476 28 0.8501 0.01

02GA10-2 18.9760 13 15.7262 9 40.5359 28 0.8287 0.01

03GA25-1 18,9812 14 15.7272 8 39.7666 31 0.8273 0.07
03GA25-2 18.8808 29 15.7148 14 39.6318 60 0.8311 0.12
03GA25-3 18.8026 8 15.6905 6 39.4111 16 0.8333 0.09
03GA25-4 18.9553 5 15.6961 17 39.2308 55 0.8269 0.14
03GA25-5 19.4093 12 15.7692 13 40.0601 26 0.8113 0.17
03GA25 6 18.9757 7 15.7263 7 39.6593 15 0.8276 0.06
03GA26-2 18.5400 8 15.6764 8 39.1016 17 0.8443 0.07
03GA31-I 18.8224 9 15.7175 8 39.2826 19 0.8338 0.07
03GA31-2 19.3528 6 15.7138 5 38.7783 12 0.8108 0.04
03GA32-1 18.9742 8 15.7155 7 39.5232 18 0.8271 0.06
03GA32-2 19.0425 17 15.7467 14 39.9142 36 0.8257 0.08
03GA32-3 18.8882 10 15.7200 9 39.5146 22 0.8311 0.07
03GA32-4 19.1397 55 15.7564 44 39.8874 114 0.8220 0.07
02GA11-1 18.7406 20 15.6828 14 38.6234 41 0.8368 0.03
02GA11-2 18.7852 5 15.6878 3 38.7153 13 0.8351 0.00
02GA11-3 18.7102 78 15.6813 57 38.7295 164 0.8381 0.45

02GA12-1 18.6988 14 15.6522 6 38.5560 29 0.8371 0.01

02GA12-2 18.7168 100 15.6769 67 38.6493 204 0.8376 0.68
02GA12-3 18.7326 70 15.7363 61 38.8699 146 0.8400 0.44

02GA08-1 18.9546 94 15.6327 67 38.3038 189 0.8247 0.64
02GA08-2 19.1008 59 15.6239 60 38.3501 119 0.8180 0.36

02GA14 19.2951 10 15.7054 9 38.7790 21 0.8140 0.01

02GA17 18.8792 10 15.7378 7 39.1364 21 0.8336 0.01
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the three-dimensional Pb isotopic space that the
principal components are parallel to the largest
and the smallest variance of the dataset. These
principal components can be interpreted as the
main influences responsible for variations of the
Pb data, quantifies these influences and enhances
the graphical display of such datasets. The
diagrams and the principal component analysis were
performed using the computer script CLEO for
Octave presented by Gaab et al. (2006).

The Pb isotopic compositions of the felsic
gneisses in the Koleso valley are given in Table 6.

The ^PbTTb ratios range between 18.5 and
19.5, the ^''Pb/^Pb ratios between 15.64 and
15.77 (Fig. 5). The array of these samples plot
nearly along the Upper Crustal evolution line
(Zartman and Haines, 1988). No age information
can be retrieved from the 207Pb/204Pb vs. 206Pb/

2lwPb diagram for these samples, because of the
large scatter. This indicates that multiple components

were incorporated during formation of
these gneisses.

The 208Pb/204Pb ratios vary between 38.5 and
40.7 for the Koleso gneisses. The Kralova Hola
samples plot within the range of the felsic gneisses
at high 207Pb/2(,4Pb ratios between 15.62 and 15.64
and intermediate 20fiPb/2l)4Pb ratios between 38.78
and 39.14 in Fig. 5.The gabbro plots distinct from
the other samples at intermediate 2(,6Pb/2(l4Pb and
low 2,l7Pb/204Pb and low 208Pb/204Pb. This indicates
a more primitive source for this gabbro with a

lower Th/U ratio compared to the other samples.

Compared to the WR-Pb-Pb data published
by Poller et al. (2001), the data for the Koleso
gneisses fall mostly within the range of values
observed for the Tatric Unit in the ^Pb/^Pb vs.
2(»pb/204Pb and the 20Hpb/204pb ys. 2(>spb/204pb dia_

gram (Fig. 5).They display relative radiogenic values

and few samples plot at more radiogenic values

outside the field for the Tatric unit. The samples

from Kralova Hola fall in the same array at
relatively high 207Pb/204Pb ratios, whereas the gabbro

plots outside this array at low 207Pb/2(l4Pb

ratios.

In comparison to the Murân gneiss, the Koleso
felsic gneisses plot at more radiogenic values in
the 2ll7Pb/204Pb vs. 20f'Pb/204Pb as well as in the
208Pb/204Pb vs. 2l"'Pb/204Pb diagram. The slope of a

reference line would be larger for the Koleso samples

than for the Murân samples. Nevertheless,
the two datasets point to a similar unradiogenic
component. With a principal component analysis
(Fig. 6) the differences between the datasets for
the Koleso gneisses and for the Murân gneisses
can be shown: The principal component 1

observes the largest variance of 76% for the Koleso
and the Murân data set (Fig. 6A).The >MPb/204Pb,
207Pb/2ll4Pb and the 208Pb/204Pb ratios have nearly
the same influence on this main principal
component.The range of the Murân samples overlap the

range of the Koleso samples. This principal
component is interpreted to display mostly the radiogenic

growth of Pb from U and Th. The Murân
dataset plots nearly parallel to this principal com-

Table 7 Sr and Nd isotopic data for felsic gneisses (02GA01,02GA06,02GA10), amphibolites (02GA04,02GA11.
02GA12) and a gabbro (02GA08) from the Koleso area and the meta-granites from Kralova Hola (02GAI4,
02GA17).

Sample "Sr/wSr 1

tod
±2(T 87Rb/S6Sr K7Sr/sfiSrini ,43Nd/l44Nd|„d ±2cr 1J7Sm/i44Nd eN<i.tod eNd.ini nVGa]4

Koleso valley samples
02GA016 0.720803 16 1.272 0.712401 0.511881 13 0.0977 -15 -8.9 1.8'
02GA066 0.721154 16 1.212 0.713151 0.511912 25 0.132 -14 -10 1.95

02GA106 0.738932 92 3.732 0.714286 0.511921 12 0.142 -14 -10 2.05
02GA046 0.708375 23 0.022 0.708230 0.512782 09 0.172 2.8 4,5 1.1

02GA116 0.715292 25 1.032 0.708458 0.512519 99 0.0632 -2.3 5.5 0.62
02GA126 0.711133 44 0.18- 0.709944 0.512856 10 0.192 4.3 4.7 1.5

02GA08" 0.704393 10 0.342 0.702813 0.512920 16 0.192 5.5 5.9 1.2

Kralova Hola samples
02GA147 0.707460 17 0.933 0.703785 0.512400 12 0.0983 -4.6 -0.5 0.94
02GA177 0.711901 15 1.553 0.705759 0.512398 06 0.123 -4.7 -1.7 1.2

1 measured on TIMS MAT261 multicollection. Errors are given as 2cr deviation of the
weighted mean (6-25 blocks)

2 calculated from the RFA merasurement (Table 5)
3 measured on single collector ICP-MS ElemenÛ
4 calculated using the depleted mantle model after Liew and Hofmann (1988)
5 two step model at 460 Ma (147Sm/l44Nd 0.12) according Liew and Hofmann (1988)
6 initial values calculated for 460 Ma
7 initial values calculated for 330 Ma
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Fig. 5 21)6 Pb/2,l4Pb vs.207 Pb/2(,4Pb and 206Pb/2(,4Pb vs. ^Pb/^Pb diagrams for the samples presented in Table 6. Evolution

lines in the upper diagram drawn for the reservoirs after Zindler and Hart (1986) and the model after Stacey and
Kramers (S&K; 1975).

ponent.This corresponds to the interpretation of
Gaab et al. (2005) that the dataset displays the
metamorphic Pb equilibration around 134 Ma
reflecting the Alpine overprint.

The principal component 2 with 18.4% variance

displays only a minor overlap of the two
datasets. The 206Pb/2l,4Pb correlates positively with
this principle component, whereas the 2,l7Pb/2(l4Pb

and 2(,fiPb/204Pb are negatively correlated. In the
plot of the two principal components with the
largest variance, two different trends can be
observed for the Murân and the Koleso samples
(Fig. 6A). This reflects a distinct evolution for
both units. Nevertheless, both units have an overlap

at unradiogenic values. This indicates a common

source for both units. For the samples from

Koleso this trend is interpreted to reflect a mixing
with a radiogenic component.

The principal component 3 with 5.6% variance
is plotted against the principal component 2 in
Fig. 6B. The Kralova Flola granites plot distinct
from the Koleso samples showing that the Kralova

Flola samples do not represent the radiogenic
component responsible for the variations of the
Koleso samples. The gabbro in the Koleso valley
plot completely distinct from the other samples in
Fig. 6, thus reflecting a distinct source. The Pb
isotopic variation of the Koleso samples can be

interpreted as a mixing between a less evolved
reservoir and more evolved crustal reservoir. The
timing of this mixing can not be inferred from this
dataset. The less evolved lead reservoir is compa-
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Fig. 6 Principal component analyses of the common lead data presented in this study (Table 6) together with the

common lead data published in Gaab et al. (2005).

rable with the unradiogenic samples observed in
the Murân area, therefore a similar geodynamic
setting for both units is inferred. The evolved
crustal reservoir is characterized by high 207Pb/

204Pb and 2l,sPb/2ll4Pb ratios as identified by the
principal component 2. This radiogenic component

is not observed in the Murân area. The
Kralova Hola samples also are influenced by a
crustal component. But this crustal component is

distinct from the crustal component observed in
the Koleso samples (Fig. 6), revealing a distinct
history for these units.

7.3. Sr and I\'d Isotopes

The available S7Sr/86Sr and eNd data for rocks
from the Central Western Carpathians are
presented in Fig. 7 to reveal different sources in these
samples.The data are compared to published data
on the Muran gneiss (Gaab et al., 2005) and to the
Tatric unit (Poller et al., 2001, 2005). In this
diagram, the isotopic compositions are calculated
back in time according to Ordovician or Carboniferous

formation age. In order not to overinter-
prete the datasets and to include additional uncer-
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Fig. 7 t-Nd vs. S7Sr/S6Sr diagram. Isotopic compositions are calculated back to initial values. Data for the High Tatra
(HT), Western Tatra (WT), Low Tatra (LT) (Poller et al.,2001,2005) and the Kralova Hola samples are calculated to
330 Ma, data from the Koleso valley and the Murân area (Gaab et al., 2005) are calculated to 460 Ma.

tainties of the exact formation age, the samples
are either recalculated to initial values at 460 Ma
or at 330 Ma, respectively. The data for the Tatra
mountains from Poller et al. (2001, 2005) are
recalculated to 330 Ma, except the data for the
metasediments from the Lower Unit in the Western

Tatra Mountains, which are recalculated to
460 Ma. The samples presented in this study are
recalculated to 460 Ma, except the Kralova Hola
samples, which formed during the Variscan
orogeny (see Fig. 4). The data of the Murân area are
plotted according to the interpretation presented
in Gaab et al.(2005).

Two distinct groups can be recognized in Fig 7.

The amphibolites form a small array at radiogenic
87Sr/86Srini460 values of 0.710 to 0.708 with radiogenic

sNdini 460 values between 4 and 6. This array
does not coincide with the primitive mantle
composition of Zindler and Hart (1986). thus indicat¬

ing either a crustal contamination or a non-primitive

source composition. All felsic samples plot in
a narrow array between 0.712 to 0.715 and -10 to
8 for 87Sr/86Srini 45o and ENdjni460, respectively.
These values reflect a major influence of an
evolved crustal component in these samples.

The gabbro sample from the Koleso area plots
at low 87Sr/86Sr,„j 450 values of 0.703 and ENdini450

values of 6, reflecting a more primitive source as
the amphibolites. Initial values for this sample are
calculated at 460 Ma.

The Kralova Hola samples vary between 0.703

to 0.706 for 87Sr/86Srinij33o and -1.7 to -0.5 for sNdini,

330- which are values close to the bulk earth
composition after Zindler and Hart (1986).The mylo-
nitized sample plots at slightly higher eNdini and
lower 87Sr/86Srini, which is probably due to a slight
redistribution of the parent-daughter ratios during

deformation and metamorphism. Neverthe-
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less are the initial values comparative with the un-
deformed sample. The mean crustal resident ages,
T Nd /DM for the samples are presented in Table 7.

Two age groups become evident. The felsic
samples result in old T Nd/DM between 2.0 and 1.8
Ga using a two step approach with 460 Ma as age
for the second step.These results fit well with T Nd/

DM for the Lower Unit in the Western Tatra
between 2.0 and 1.8 Ga (Poller et al.,2001). All mafic
sample reveal younger T Nd/DM between 1.5 and
0.6 Ga and thus have crustal resident ages comparable

to common granitic rocks from the Tatric
unit (Kohut et al., 1999; Poller et al., 2001). The
Kralova Hola granite has similar young T Nd/DM

between 1.2 and 1 Ga, the gabbro in the Koleso
Valley has a T Nd/DM of 1.2 Ga.

In comparison with published data for the
Western and High Tatra Mountains (Poller et al.,
2001), the basement rocks from the Koleso area
can be clearly distinguished. The felsic gneisses
have lower eNd and are only comparable with the
meta sediments of the Lower Unit in the Western
Tatra Mountains.

The amphibolites and the gabbro plot distinct
from amphibolites from the Western Tatra (Poller
et al., 2005) and from the other reference fields
from the Tatra Mountains (Poller et al.. 2001).
This indicates, that the Veporic basement has
different sources as the Tatric unit which formed
during the Variscan orogeny. The samples from
Kralova Hola on the other hand reveal an overlap
in 87Sr/86Sr eNd with diorites and granites from
the High Tatra Mountains (Poller et al., 2001).
Thus the Kralova Hola is not only similar in age
with the Tatric unit, but also in the isotopic
composition. The Murân gneiss felsic component
presented in Gaab et al. (2005) in the Southern
Veporic Unit plot distinct from the Koleso samples.
The felsic member has too high 87Sr/8hSr ratios
and too high eNd values compared to the felsic
gneisses. The Murân mafic component coincides
with the gabbro from the Koleso valley, but not
with the amphibolites (Fig. 7).

8. Conclusion

A common evolution for the whole Veporic Unit
in Paleozoic times is suggested from the U-Pb
zircon data presented in this study. The apparent
dichotomy, which arises with comparison of
literature data (Putis et al., 2001 can be circumvented,

if the literature data are reinterpreted. Still
more data are needed, especially in the Southern
Veporic Unit, to really ensure this common evolution

for all basement units in the Veporic Unit. At
least three major events can been recognized in

the geochronologic IJ-Pb data from the Northern
Veporic Unit:

(1) Major Ordovician magmatic event (470-
460 Ma), followed by minor magmatic activity

440 Ma). This event is recorded in all samples
presented in this study except in the granites from
Kralova Hola.

(2) Variscan magmatic and metamorphic
event (350-330 Ma) with formation of granitoids
and recrystallization of Ordovician basement.The
magmatic event is recorded in the Kralova Hola
granites and the Drotacka sample. A metamorphic

event is recognized in the Hoskova samples
(this study and Putis et al., 2001).

(3) Alpine metamorphic event during the
Cretaceous time, which caused locally lead loss in
the zircons.

This event is mainly recorded in the Murân
sample (Gaab et ai., 2005), according to the
increasing metamorphic grade observed by Janâk et
al. (2001a).

The ages between 350 and 340 Ma are comparable

with the main intrusive activity for granites
in the Western Tatra Mountains (Poller et al..
2000).

The common lead data together with the
isotopic data from the Koleso valley reveal a marked
difference between the Northern Veporic Unit
and the Southern Veporic Unit (i.e. the Murân
gneiss). It reveals an important role of an
additional source of radiogenic lead, which is absent in
the Murân gneiss.This source could not be identified

within the Veporic unit, but is characterized
by high 2()7Pb/2u4Pb and 208Pb/204Pb ratios and
therefore represents a typical crustal source. The
Kralova Hola granites point in a similar direction
as this source,but do not coincide exactly with the
observed variations as demonstrated by the principal

component analysis.
The eNd and the 87Sr/86Sr isotopic compositions

of the felsic gneisses in the Northern Veporic
Unit are similar to the metasedimentary Lower
Unit in the Western Tatra and distinct from the
other units observed in the Tatra Mountains and
in the Veporic unit. The Lower Unit has a minimum

sedimentation age of 500 Ma according to
U-Pb zircon studies (Gurk. 1999; Gurk and
Poller, 1999) and therefore can not be attributed
as sediments derived from these rocks.

The amphibolites in the Koleso valley, which
were metamorphosed under HP metamorphic
conditions (Janâk et al., 2003), are distinct in their
eNd and 87Sr/86Sr isotopic composition from the
amphibolites from the Western Tatra Mountains
(Poller et al., 2005). They are characterized by
relatively high 87Sr/86Srini and slightly lower eNd
thus reflecting a distinct source. They are also dis-
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tinct in their eNd and 87Sr/86Sr composition from
the Muran mafic member observed in the Southern

Veporic Unit (Gaab et al., 2005). Only the

gabbro from the Koleso valley depicts marked
similarities with the Murân mafic component,
suggesting common sources.
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