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Zircon U-Pb geochronology and isotopic characterization for
the pre-Mesozoic basement of the Northern Veporic Unit
(Central Western Carpathians, Slovakia)

A.S Gaab'!, U Poller!, M. Janik >, M. Kohuit® and W. Todt!

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 470-460 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: YSr/%Sr, . 440 between 0.712 and 0.715; eNd,,, .40 between -8 and —10. Amphibolites: ¥Sr/%Sr; 40
between 0.708 and 0.710: eNd,; 440 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 ¥Sr/%Sr,; 55, of 0.704 and 0.706 and £Nd,,; 53, 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 Camb-
rian 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; Jandk 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 posi-
tion 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 Palacozoic sedi-
ments intruded by Permian granites (e.g. Voza-
rova et al., 1998; Poller et al., 2002).

Reliable radiometric ages on the Veporic Unit,
especially U-Pb zircon ages for the pre-Variscan
history, 1.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

! Max-Planck-Institute for Chemistry, Section Geochemistry, PO. Box 3060, D-55020 Mainz,

Ma) and Carboniferous ages (348 + 31 Ma) in the
poly-metamorphosed complexes of the northern
region. **Ar—Ar step heating dating of an amphi-
bolite revealed a staircase pattern with old appar-
ent ages of up to 440 Ma indicating old cores in
amphibole, which were partially reset by meta-
morphism (Maluski et al., 1993). Jandk et al.
(2002) presents chemical Th-U-Pb monazite dat-
ing with Ordovician (490-450 Ma) and Carboni-
ferous ages (342 = 27). Jandk et al. (2002) inter-
preted 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 pro-
tolith (464 £ 40 Ma) and a Cretaceous age (82 +
40) for the metamorphic overprint of the so called
“Muran Orthogneiss™ in the southern part of the
Veporic unit.

The U-Pb geochronological data imply signif-
icant differences in timing of pre-Variscan grani-
toid magmatism in the Veporic Unit. The purpose
of this study is to resolve this age progression in
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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 Palae-
ozoic times is suggested by this study. In order to
characterize the Northern Veporic Unit addition-
al 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 oroge-
ny (Klinec, 1966; Zoubek, 1957; Andrusov, 1958)
that are overlain by Upper Palacozoic 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 Up-
per 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, mig-
matites 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; Thoni et
al., 2003). Some hornblende from basement am-
phibolites preserved pre-Alpine ages (377-346
Ma; Dallmeyer et al., 1996; Kral et al., 1996), how-
ever the YAr-*Ar do not show well defined pla-
teau ages, suggesting metamorphic overprint. In
the northern parts of the Veporic unit,in the Kole-
so valley, garnet-bearing metabasites bear evi-
dence of eclogite facies metamorphism of un-
known age (Jandk et al., 2003). The host rocks of
these eclogites show Variscan age of metamorphic
recrystallization, based on Th-U-Pb chemical mi-
croprobe dating of monazite (Jandk et al., 2002).
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The grade of Alpine metamorphic overprint in
the Northern Veporic Unit is not very well con-
strained, although at least greenschist to lower
amphibolite facies conditions have been suggest-
ed for the basement (Putis et al., 1997). Janak 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 (Luptdk et al., 2000, 2003). Pub-
lished geochronological data provide Cretaceous
metamorphic ages. The data include *Ar—°Ar
dating of micas and amphiboles (Maluski et al.,
1993; Dallmeyer et al., 1996; Kovacik et al., 1996;
Kral et al., 1996; Koroknai et al.,2001; Janak et al.,
2001a) electron microprobe dating of metamor-
phic monazite (Jandk et al., 2001b) and Sm-Nd
dating of garnet (Luptak et al., 2004).

3. Analytical Techniques

Zircons were separated from 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 zir-
cons. The multi-grain fractions were sieved <74 um
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).

[sotope dilution U-Pb zircon analyses were
performed at the MPI for Chemistry in Mainz. In-
clusion free an simple grown zircons were select-
ed according to their CL image for analysis. Di-
gestion of the single zircon grains was performed
in teflon bombs according to Wendt and Todt
(1991) at 200 °C with HF-HNQOj after addition of
3 ul 25Pb-23U mixed spike (corresponds to 80 pg
25Pb and 17 ng *3U) to each zircon. The multi-
grain fractions were weighted and, after addition
of Pb—*U mixed spike, digested with HF-
HNQOj in teflon bombs. Pb and U were separated
using resin column chemistry (resin AG1-X8 100-
200 mesh) after complete dissolution for the sin-
gle as well as for the multi-grain analyses. The to-
tal 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). Com-
mon 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 um.
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Fig. 3 Zircon CL images for samples from the Northern Veporic Unit. Localities shown in Fig. 1. Scale bar indicates
50 um. Zircons were analysed by CL-controlled single grain vapor digestion technique (for sample 03GAS0 also
multi-grain conventional technique). Details on dating see Tables 2—4.

(a) Uplaz (03GA49). (b) Koleso (03GAI18). (¢) Mihalikovo (03GAS50). (d) Drotacka (03GA48). (e) Hoskova
(03GA61).
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(205Pb/2%Pb: 17.99; 27Pb/2%Pb: 15.59; 208Pb/2%Pb:
37.80). Intentionally no individual common lead
correction for the samples was performed to en-
hance the comparability between the samples. An
individual common lead correction e.g. for the
Koleso sample (2Pb/2%Pb: 18.50; 7Pb/*™Pb:
15.65; 205Pb/2%Pb: 38.45) would yield in an 4-5 Ma
younger age within error of the Stacey and Kram-
ers (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 dia-
mond polishing suspensions. CL and BSE images
were obtained by the scanning electron micro-
scope Hitachi S450 with 15 kV accelerating volt-
age 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 us-
ing a microwave assisted acid digestion as de-
scribed 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-HNO; and Pb was sep-
arated 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 “Krédl’ovohol’ske Tatry” north of
the village Helpa in Central Slovakia. Additional
the Hoskova sample was taken along the north-
ern slope of this mountain ridge according to the
outcrop described in Putis et al. (2001). The loca-
tion names were assigned according to the topo-
graphic map “Turistickd mapa 1:50 000 ‘Nizke Ta-
try Kral’ova Hol’a’ no.123, 3.vydanie™.

The samples from Kralova Hola were ana-
lyzed by SHRIMP, the other samples were ana-
lyzed by the vapor digestion single grain or con-
ventional mulit-grain technique.

4.1. Kralova Hola

Kralova Hola is the easternmost peak along the
Krdl'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 difffer-
ent. Zircon CL images for both samples are
shown in Fig. 2. In general, the zircons are simple
cuhedral magmatic zircons with magmatic zoning
as seen by oscillatory magmatic growth in Fig. 2.
No metamorphic rim can be observed. Only a mi-
nor part of the zircons exhibit small remnants of
cores.

4.2. Koleso valley

For the U-Pb zircon dating sample 03GAIS, a
granitoid boudin in strongly deformed felsic
gneisses was sampled at 48° 53" 55"N: 197 59
1.5 B

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 mmage
(Fig.3b).

4.3. Uplaz and Drotacka

Samples for U-Pb single zircon analyses were
taken at 48° 52' S0"N; 19° 54' 50"E on the south-
ern slope of the Kral’ovohol’'ske mountain ridge
3.5 km north of Zavadka nad Hronom.

In the Uplaz valley sample 03GA49 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 Kole-
so valley. CL zircon images are shown in Fig. 3a
and reflect intense resorption and recrystalliza-
tion features at the rims. Magmatic zoning is
present in the inner parts of the zircons, which re-
veal a low CL brightness.

Sample 03GA48 resembles a fine-grained
granitoid with no apparent deformation, very un-
typical for the basement in this area. It was sam-
pled 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 ob-
served 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 03GAS50 was taken at a small cliff consist-
ing of strongly layered and deformed intermedi-
ate 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 zir-
cons also exhibit intensive resorption and meta-
morphic rims.

4.5. Hoskova valley

The sample 03GAG61 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 PI-Qtz rich felsic gneisses.

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

480

0.075 +
440

5 0065 1

206 Pb/ 23

0045 + 280

0.035

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 sam-
pled 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 SiO, present (Table 5).

Drotacka

Hoskova

Kralova Hola (SHRIMP)

Hoskova MG
(Putis, 2000)

Uplaz

Muran
(Gaab et al , 2005)
Ve

Mihalikovo

Mihalikovo
MG

0.25

035 0.45 055 065
207 235
"Pb/ “=U

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 Muran (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 fel-
sic gneisses (02GAO01, 02GA06 and 02GA10) and
for the amphibolites (02GA04, 02GA1l and
02GA12) were collected in this valley. In addition,
a gabbro with magmatic features, sample 02GA
08, was sampled for comparison with the amphi-
bolites. To record the Pb isotopic variation of
these rocks, samples 02GA01-02GA12 and sam-
ples 03GA25-03GA32, taken from the same out-
crop as sample 03GAI1S8, were used for WR-Pb-
Pb analyses.

5.2 Kralova Hola

The samples used for geochronology (02GA14
and 02GA17) were also analyzed for their isoto-
pic composition.

6. U-Pb zircon dating results

U-Pb zircon dating presented in this study was
performed on 7 samples from the Northern Ve-
poric Unit. Locations of these samples are indi-
cated in Fig. 1 and zircon CL images of each sam-
ple 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 dia-
grams are presented in Fig. 4 as a compilation of
all samples to pronounce similarities and differ-
ences 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, 2001a).

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 popula-
tions 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 them-
selves (Table 1). That the populations are not con-
cordant is most probably generated by an under-
estimation 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 *Pb/ *3U age results

in an age of 356 + 10 and 359 + 6 (02GA14 and
02GA17, respectively), which overlap within er-
ror with the discordia ages of 349 £ 26 and 345 £
11, when calculating with recent lead loss (Table 1
and Table 4). This age of =350 Ma is, in accord-
ance 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 *7Pb/ **Pb ages be-
tween 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 dis-
cordant and a discordia line with a lower intercept
at recent times can be inferred (Fig. 4). *Pb/**Pb
ratios are between 80 and 900 for the Koleso sam-
ple and between 65 and 2650 for the Uplaz sample
(Table 2). One zircon of the Koleso sample re-
veals an old *7Pb/?%Pb 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). Nev-
ertheless 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 mul-
ti-grain data on the zircon sieve fraction <74 pum.
The multi-grain measurements, with *Pb/?“Pb
ratios between 2860 and 4450, result in an upper
intercept age of 443 = 6 and recent lead loss (Ta-
ble 2 and 4). Details of the multi-grain measure-
ments are given in Table 3.

The ratio of the radiogenic lead (Pb*) and the
weight of zircon fraction records the effect of the
HNO; wash step. Washed fractions have ratios of
=50, whereas the not washed fractions have lower
ratios between 32 and 43 (Table 3). This docu-
ments that during washing a large amount of less
radiogenic minerals were dissolved resulting in an
increase of the radiogenic lead measured. Never-
theless, this does not influence the results of the
multi-grain dating, because all fractions plot nice-
ly 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
um (Fig. 3c), whereas for the multi-grain dating
only zircons smaller than 74 um were used. There-
fore a correlation between the discordancy and
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the grain size becomes apparent. Smaller
w o e zircons display a larger degree of discor-
dancy (Fig. 4).
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The CL images of the zircons show re-
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crystallization and resorption effect at the
el Sl rims, nevertheless are the upper intercept
P~ QO OO * : : 2
Wi S ages Interpreted as magmatic intrusion
ages, as the inner parts clearly show mag-
matic oscillatory zoning (Fig. 3c).

@~ Yo no Younger ages are revealed by the
Hoskova and the Drotacka samples. Most
analyses of these samples resulted in
206PH/204Pb ratios below 100 and were dis-
carded. Nevertheless, some analyses gave
reasonable ratios and result in upper in-
tercept ages of 334 £ 19 and 329+72-34,
respectively (Fig. 4, Table 4). As can be
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seen in Table 2, the U concentrations in
the zircons are very low and therefore ac-
25858888 cor(_lingly algo the radi‘ogenic lead concen-
33333333 trations. This results in a large common
lead correction and some analyses are not
Sogesans ion (indicated also i
2eobdN&g used for regression (indicated also in Ta-
st ok ble 2). The reverse discordancy of some
analyses is produced by the analytical un-
Ty certainty and therefore mainly in the com-
88888888 ' < the
S8888208 mon Pb correction. Nevertheless, the low
S o . . ~
oo =l S ] 200PH/24Ph ratios were reproducible for
YNV PO separate dissolution steps for both sam-
N O~ © O OO . . . .
Hogooass ples. Thus this is not due to contamination,
but due to low U and therefore the low
radiogenic lead concentrations of the zir-
cons.
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6.3 Discussion of the U-Pb data
SRIJES] § The compilation of all U-Pb zircon data is
presented in Fig. 4 and in Table 4. Addi-
tional to the samples presented in this
S 2 Ao study the single grain data presented in
NN MOAN o

ldosdods Gaab et al. (2005, Muran gneiss, locality
indicated in Fig. 1) and the multi-grain
data for the sample VBNT-76L published
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(continued). MG —multi-grain; SG —single grain; CLC —single grain with CL control. Analyses used for calculation of the discordias are indicated.
sample location name type
Koleso

Table 2
A525
A25-2
AS55-4
A55-1
A25-5
A52-7
AS52-1
A52-2
A55-2
A25-3
A25-1
A52-3
A52-6
A25-4
A55-5
A55-3
A52-4

SRR in Putis et al. (2001, sample from the
17 i i e Hoskova locality indicated in Fig. 1) are
included. Please note that the latter data
scggonrgy are reinterpreted and the intercept ages
e b e do not correspond to the originally pub-
lished. This will be discussed in more de-
99 QYYQYYQYQ tail below.
Fee D oao A good accordance in the upper inter-
cept can be observed for Koleso
EEFEEES (03GA18), Uplaz (03GA49) and Muran
sample (UP1115) (Gaab et al., 2005). All
these have an upper intercept age be-
TR tween 470 and 460 Ma. Most zircon analy-
NN NN TN )

ses of these samples are discordant, but
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Table 3
and results given in Table 2.

Details of multi-grain analyses of sample 03GASO(MG) from Mihalikovo. Pb*

analysis no. sieve fraction weight weight of HNO3 Pb* / weight
[um] of fraction [mg] spike [mg] wash of fraction
Ml <74 8.778 015 no 32
M2 <74 7.559 015 no 43
M3 <74 6.029 015 no 39
1.39 <74 3.077 019 yes 51
L2 <74 2.615 019 ves 49
L17 <74 2.405 016 ves 50
L42 <74 1815 012 yes 49

only the Muran 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 de-
scribed HP-metamorphism in the area of the
Koleso valley (Janak 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 Muran area record a
Cretaceous event, where intensive and pervasive
metamorphism is described (Jandk et al., 2001a;
Luptak et al., 2000).

The Mihalikovo sample (03GAS0) 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 °Pb/>%U
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 ex-
tremely low uranium and radiogenic lead con-
tents. 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.

The 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 defor-
mation 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 defor-
mation of the specimen and of the mainly mag-
matic 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 Puti$ et al. (2001) and the data

from Gaab et al. (2005) are included.

Sample Location lower upper no.of MSWD Probability
Name name intercept  +20 20 intercept  +2o0 -20 points of fit
03GA48 Drotacka - - - 329 34 72 3 0 0.99
03GA6] 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 0 0 0 349 26 26 11 23 0.02
VBNT-764a! Hoskova 464 8.3 23 1297 1100 790 2 0 1
VBNT-764b' Hoskova 333 120 110 489 77 50 9 0 1
03GAI8 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
UPILI152 Muran 88 34 40 404 36 33 6 0.36 0.84
03GAS0SG  Mihalikovo 0 0 0 439.8 6.6 6.6 9 0.47 0.88
03GAS0OMG Mihalikovo 0 0 0 442.6 6.1 6.2 7 1.7 0.12

reinterpreted intercepts of multigrain data from Putis et al. (2001)

> 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 ele-
ment in ppm. ‘bd’ for below detection limit.
Felsic Gneisses Amphibolites Gabbro
02GA0] 02GA06 02GAL0 02GA04 02GALIl 02GA12 02GA08

Si0, 3.67 58.97 61.33 46.37 49.47 48.26 42.51
AL O; 11.9 21.9 19:73 13.4 18.43 16.64 9.75
Fe,0s(1) 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
Na,O 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
P,Os 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
\% 76 113 104 512 165 285 144
Cr 57 95 84 22 798 884 1212
Co 63 < 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
9] 2.6 4 23 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
Sm o 7 9 8 1 6 2

U-Pb zircon age reflects a magmatic or a meta-
morphic event as the zircons reflect strong resorp-
tion 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 pub-
lished 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 re-
interpreted. 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 um and >60 pum reveals a similar upper inter-
cept with a large error and a lower intercept at 330
+ 120 Ma, 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 re-
moves 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 (Muran gneiss;
Gaab et al., 2005).
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7. Geochemistry (Koleso Valley
and Kralova Hola)

Geochemical and isotope geochemical analyses
were performed on samples from the Koleso Val-
ley (Fig. 1). The results for the main and trace ele-
ments 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 SiO, 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 KO vs. Na,O can be
observed for both lithologies. The felsic gneisses
are enriched in Pb, U and REE. The amphibolites
are enriched in Al,O5, CaO,TiO, and Sr.

The gabbro shows a completely different geo-
chemistry than the amphibolites. The gabbro has

31

very high MgO concentrations of 22.5 wt% and
relatively low Fe,O; concentrations of 9.75 wt%.
Also Cr and Ni are quite enriched with 1212 and
354 ppm, respectively. In comparison to the am-
phibolites PO and the total alkali content is sig-
nificantly lower. Therefore this gabbro reflects a
complete different origin, being more primitive
than the amphibolites.

7.2. Whole-rock Pb isotopic composition

The WR-Pb-Pb (whole-rock Pb isotopic compo-
sition) analyses were performed to gain informa-
tion 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 in-
cluded. To clarify the main influences on the com-
mon 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.
206 207 208 207
b sox104 £2 o6 D 2ox14 —2  20x104
1|l4l)h Z(Hpb ZIHPh llJ(yPh

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 118 0.8452 0.30
02GA06-1 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 ().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 & 15.6905 6 394111 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
03GA31-1 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




82 A.S. Gaab et al.

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 dia-
grams 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 Pb/*™Pb ratios range between 18.5 and
19.5, the 297Pb/?%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 27Pb/?™Pb vs. 296Pb/
204Pb diagram for these samples, because of the
large scatter. This indicates that multiple compo-
nents were incorporated during formation of
these gneisses.

The 2%%Pb/2%Pb 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 27Pb/?"Pb ratios between 15.62 and 15.64
and intermediate ***Pb/°*Pb ratios between 38.78
and 39.14 in Fig. 5. The gabbro plots distinct from
the other samples at intermediate **Pb/**Pb and
low 207Pb/2%Pb and low 2%8Pb/2%4Pb. 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 ob-
served for the Tatric Unit in the 7Pb/?™Pb vs.
APb24Phland the 295Pb2%Ph. ws. 26PbA%PDb dia-
gram (Fig. 5). They display relative radiogenic val-
ues and few samples plot at more radiogenic val-
ues outside the field for the Tatric unit. The sam-
ples from Kralova Hola fall in the same array at
relatively high '7Pb/?%*Pb ratios, whereas the gab-
bro plots outside this array at low *"’Pb/?™Pb ra-
tios.

In comparison to the Murdn gneiss, the Koleso
felsic gneisses plot at more radiogenic values in
the 27Pb/2%Pb vs. 206Pb/?MPb as well as in the
28Pb/2%MPb vs. 20°Pb/2*Pb diagram. The slope of a
reference line would be larger for the Koleso sam-
ples than for the Muran 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 Murdn gneisses
can be shown: The principal component 1 ob-
serves the largest variance of 76% for the Koleso
and the Muran data set (Fig. 6A). The *Pb/?™Pb,
207Pb/204Pb and the 2°8Pb/?*Pb ratios have nearly
the same influence on this main principal compo-
nent. The range of the Muran samples overlap the
range of the Koleso samples. This principal com-
ponent is interpreted to display mostly the radio-
genic growth of Pb from U and Th. The Muran
dataset plots nearly parallel to this principal com-

Table 7 Sr and Nd isotopic data for felsic gneisses (02GA01,02GA06,02GA10), amphibolites (02GA04, 02GA1 1,
02GA12) and a gabbro (02GAO08) from the Koleso area and the meta-granites from Kralova Hola (02GA14,

02GAL17).

Sample 87Sr/%6Sr : ! 20 ~FRDMS ! FSrS; TENAAYNG oy 220 MBmAYNG egged  Bra T [Galt
Koleso valley samples

02GA01° 0.720803 16 15272 0.712401 0.511881 13 0.097>  -15 -8.9 1.8°
02GA06° 0.721154 16 1.212 0.713151 0:511912 - .25 0.13° -14 ~10 1.93
02GA10° 0.738932 92 3.732 0.714286 0.511921 12 0.14° -14 -10 2.0
02GA04° 0708375 < 123 0.02° 0.708230  0.512782 09 0.172 2.8 4.5 1.1
02GA11° 0715292 -25 1.03? 0.708458 0:512519: <99 0.0632 -2.3 5.5 0.62
02GA12¢ 0.711133 44 0.18° 0.709944 0.512856 10 0.19° 4.3 4.7 1.5
02GA08° 0.704393 10 0.34° 0.702813 0.512920 16 0.19 5.5 59 1.2
Kralova Hola samples

02GA147 0.707460 17 0.93° 0.703785 0.512400 12 0.0983 4.6  -05 0.94
02GA177 0.711901 15 1.55? 0.705759  0.512398 06 0.123 47  -17 1.2

" measured on TIMS MAT26] multicollection. Errors are given as 2o deviation of the

weighted mean (6-25 blocks)
* calculated from the RFA merasurement (Table 5)
* measured on single collector ICP-MS Element2

4 calculated using the depleted mantle model after Liew and Hofmann (1988)
3 two step model at 460 Ma ('7Sm/'"**Nd = 0.12) according Liew and Hofmann (1988)

% initial values calculated for 460 Ma
7 initial values calculated for 330 Ma
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ponent. This corresponds to the interpretation of
Gaab et al. (2005) that the dataset displays the
metamorphic Pb equilibration around 134 Ma re-
flecting the Alpine overprint.

The principal component 2 with 18.4% vari-
ance displays only a minor overlap of the two
datasets. The *"Pb/?™Pb correlates positively with
this principle component, whereas the *7Pb/?*Pb
and *“Pb/*"Pb are negatively correlated. In the
plot of the two principal components with the
largest variance, two different trends can be ob-
served for the Murdn and the Koleso samples
(Fig. 6A). This reflects a distinct evolution for
both units. Nevertheless, both units have an over-
lap at unradiogenic values. This indicates a com-
mon 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 Hola granites plot distinct
from the Koleso samples showing that the Kralo-
va Hola 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 iso-
topic variation of the Koleso samples can be in-
terpreted 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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common lead data published in Gaab et al. (2005).

rable with the unradiogenic samples observed in
the Murdn area, therefore a similar geodynamic
setting for both units is inferred. The evolved
crustal reservoir is characterized by high *"7Pb/
204Pb and *“Pb/2%Pb ratios as identified by the
principal component 2. This radiogenic compo-
nent is not observed in the Muran 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 Nd Isotopes

The available ¥Sr/*Sr and eNd data for rocks
from the Central Western Carpathians are pre-
sented 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 dia-
gram, the isotopic compositions are calculated
back in time according to Ordovician or Carbon-
iferous formation age. In order not to overinter-
prete the datasets and to include additional uncer-
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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 re-
calculated to 330 Ma, except the data for the
metasediments from the Lower Unit in the West-
ern 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 oro-
geny (see Fig. 4). The data of the Muran 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
S7S1/%8r,, 460 Values of 0.710 to 0.708 with radio-
genic eNd,y,; 4 values between 4 and 6. This array
does not coincide with the primitive mantle com-
position of Zindler and Hart (1986), thus indicat-

ing either a crustal contamination or a non-primi-
tive source composition. All felsic samples plot in
a narrow array between 0.712 to 0.715 and 10 to
8 for ®Sr/%Sr,,i40 and &eNd;; 460, TESPECtively.
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/%8r; ; 460 Values of 0.703 and eNd,; 460
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/®6Sr;,; 33, and —1.7 to —0.5 for eNd-
ini 330 Which are values close to the bulk earth com-
position after Zindler and Hart (1986). The mylo-
nitized sample plots at slightly higher éNd,; and
lower ¥Sr/%Sr,,;, which is probably due to a slight
redistribution of the parent-daughter ratios dur-
ing 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 N/ for the samples are presented in Table 7.

Two age groups become evident. The felsic
samples result in old T N/, 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 N/
pm for the Lower Unit in the Western Tatra be-
tween 2.0 and 1.8 Ga (Poller et al.,2001). All mafic
sample reveal younger T N/, between 1.5 and
0.6 Ga and thus have crustal resident ages compa-
rable to common granitic rocks from the Tatric
unit (Kohut et al., 1999; Poller et al., 2001). The
Kralova Hola granite has similar young T N/,
between 1.2 and 1 Ga, the gabbro in the Koleso
Valley has a T N/, 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 dif-
ferent sources as the Tatric unit which formed
during the Variscan orogeny. The samples from
Kralova Hola on the other hand reveal an overlap
in ¥Sr/*Sr 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 com-
position. The Muran gneiss felsic component pre-
sented in Gaab et al. (2005) in the Southern Ve-
poric Unit plot distinct from the Koleso samples.
The felsic member has too high ¥Sr/*Sr ratios
and too high eNd values compared to the felsic
gneisses. The Muran 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 zir-
con data presented in this study. The apparent
dichotomy, which arises with comparison of liter-
ature data (Putis et al., 2001), can be circumvent-
ed, if the literature data are reinterpreted. Still
more data are needed, especially in the Southern
Veporic Unit, to really ensure this common evolu-
tion for all basement units in the Veporic Unit. At
least three major events can been recognized in

the geochronologic U-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 metamor-
phic 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 Muran
sample (Gaab et al., 2005), according to the in-
creasing metamorphic grade observed by Janik et
al. (2001a).

The ages between 350 and 340 Ma are compa-
rable with the main intrusive activity for granites
in the Western Tatra Mountains (Poller et al.,
2000).

The common lead data together with the iso-
topic data from the Koleso valley reveal a marked
difference between the Northern Veporic Unit
and the Southern Veporic Unit (i.e. the Muran
gneiss). It reveals an important role of an addi-
tional source of radiogenic lead, which is absent in
the Muran gneiss. This source could not be identi-
fied within the Veporic unit, but is characterized
by high *7Pb/2%Pb and ***Pb/**Pb 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 prin-
cipal component analysis.

The eNd and the *'Sr/*°Sr isotopic composi-
tions 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 mini-
mum 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 (Janak et al., 2003), are distinct in their
eNd and ¥'Sr/*Sr isotopic composition from the
amphibolites from the Western Tatra Mountains
(Poller et al., 2005). They are characterized by
relatively high Sr/%Sr;,; and slightly lower eNd
thus reflecting a distinct source. They are also dis-
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tinct in their eNd and ¥Sr/%Sr composition from
the Muran mafic member observed in the South-
ern Veporic Unit (Gaab et al., 2005). Only the
gabbro from the Koleso va]lc_\ depicts marked
similarities with the Murdn mafic component,
suggesting common sources.
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