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Abstract: U–Pb dating of magmatic zircons from the Permian basaltic metaandesites/metabasalts of the Tribeč Mts. 
yielded the Concordia ages of 263.1±2.6 Ma, which correspond to the Guadalupian Epoch in the time span of the upper-
most Wordian/Capitanian Stages. These magmatic zircon ages clearly document the timing of the Mid-Permian  
lithospheric extension in the internal zone of the Variscan fragments in the Western Carpathians. The studied volcanic 
rocks with the associated metasediments belong to the Veporic Unit that overthrusts the Tatric Unit. The considered  
sequence was correlated with the Northern Veporic Permian rocks from the Čierťaž Mts. From the geochemical point of 
view, the studied volcanic rocks have a calc-alkaline magmatic trend with an affinity to continental within-plate tectonic 
setting, linked to the post-orogenic lithospheric extension. The detrital zircon population, obtained from the associated 
arkosic metagreywackes, displays mainly Tournaisian and Ediacaran zircon ages in the range of 342–367 and 546–631 Ma, 
respectively. Only a small number of Cambrian/Ordovician (499–466 Ma), Tonian (720–1000 Ma) and Paleoproterozoic/
Neoarchean (~1.9 Ga and ~2.5 Ga) zircon ages were determined. The similar association of zircon ages was found  
within the xenocrystic cores in the studied volcanic rocks. The presented detrital and xenocrystic zircon ages specify  
the provenance of the Tribeč Permian deposits from the Western Carpathian Crystalline Basement crust, characteristic of 
derivation from the Variscan magmatic rocks and reworked fragments of Cadomian crust.
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Introduction

Volcanic rocks and their volcaniclastics are common parts of 
the Late Paleozoic sedimentary sequences in the Western 
Carpathians (e.g., Vozárová & Vozár 1988 and references 
therein; Biely et al. 1996). To a large extent, the majority of  
the Pennsylvanian and Permian sediments arose in continental 
sedimentary environments and consequently, the biostrati-
graphic evidence for their age is lacking or only very uncer-
tain. For this reason, the age dating of the associated volcanic 
or pyroclastic rocks has proved to be important in terms of 
determining the age of these sedimentary sequences. These 
age data are significant in terms of their correlation with other 
occurrences in the Western Carpathians. Recently, the isotopic 
age data of the Permian or Permian–Triassic volcanites have 
also increased from occurrences in the Western Carpathians, 
mainly based on the age dating of zircons and monazites (e.g., 
– Kotov et al. 1996; Rojkovič & Konečný 2005; Vozárová et 
al. 2008, 2009, 2012, 2015, 2016; Demko & Hraško 2013; 
Putiš et al. 2016; Pelech et al. 2017; Ondrejka et al. 2018). 
Kohút et al. (2013) documented Re–Os molybdenite ages on 
the U–Mo deposit from the Permian volcanites of the Northern 
Gemeric Unit.

It is obvious that any new age data from Permian volcanites 
is welcome and will help to illustrate the overall picture of  

the development and paleogeography of the Late Paleozoic 
sequences in the Western Carpathians. For this reason, our 
attention was focused on a small volcanic body in the midst of 
Permian sediments in the Tribeč Mts., in order to determine 
the age of the volcanism and its correlation with other occur-
rences in the Western Carpathians.

Three samples have been processed for zircon dating from 
the Permian rocks of the Tribeč Mts. succession (Fig. 1;  
Table 1), two of them from the volcanic horizon (samples T-1 
and T-2) and another from the associated sediments, to find out 
the assemblage of detrital zircons (sample T-3). For better 
knowledge of these volcanic rocks, chemical analyses were 
also performed, from sample T-1 (andesite pyroclastic rock) 
and from samples T-13A, B (basaltic andesites/basalts).

Geological background

The Western Carpathian orogenic belt consists of several 
northward-stacked crustal-scale superunits and several cover 
nappe systems (Andrusov 1968; Maheľ 1986; Biely et al. 
1996; Plašienka et al. 1997; Rakús et al. 1998; Plašienka 2018 
and references therein). Based on the latest geological syn
thesis, a triple regional division of the Western Carpathians is 
used: the Internal, Central and External Western Carpathians 
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(Rakús et al. 1998; Plašienka 2018 and references therein). 
The Tribeč Mts. rock complexes are placed in the Central 
Western Carpathians (CWC) zone and represent the western-
most promontory of the so-called Core Mountains. Cropping 
out from the Tertiary sediments of the Danube Basin the Tribeč 
Mts. form a NE–SW striking horst divided by the Skýcov fault 
system (Fusán et al. 1987) into the northern Rázdiel Part and 
the southern Zobor Part. The composite geological structure  
of the Tribeč Mts. comprises the crystalline basement rocks  
of the Tatric Unit and their Permian–Mesozoic envelope 
sequence, the Veporic crystalline basement with its Permian–
Mesozoic envelope assemblage, the Carboniferous–Permian 
and Triassic rock complexes of the Hronic Unit, as well as  
a scarce Triassic nappe outlier of the highest superficial 
Strážov Nappe (Biely 1974, 1977; Ivanička et al. 1998 and 
references therein).

The studied area for the zircon age dating is situated in the 
Rázdiel Part of the Tribeč Mts., in the Veporic Unit (Fig. 1). 
The oldest stratigraphic horizon of the Veporic Unit is repre-
sented by crystalline rocks, mainly consisting of mica schists, 
phyllites, amphibolites and granitoids. Two tectonic slices 
were distinguished within this crystalline basement, the lower, 
mainly comprising mica schists with lenses of amphibolites, 

and the upper, including different types of granitoid rocks 
(Ivanička et al. 1998 and references therein). Generally,  
the whole crystalline basement rocks show retrograde features 
due to strong Alpine reworking.

Permian sediments overlapped unconformably the complex 
of granitoids and their blastomylonites, indicating a long brake 
in sedimentation after the Variscan tectono–thermal cycle. 
They are mostly represented by the light green arkosic meta-
greywackes, with intercalations of conglomerate layers in 
some places. Generally, the Permian sedimentary complex 
consists of multiple repetition of tabular bodies of sandstones 
and fine-grained sandy conglomerates of variable thickness. 
Erosive contacts are frequent. Sedimentary structures indicate 
an environment of low-sinuosity rivers characterized by net-
works of braided distributary channels transporting abundant 
coarse-sandy material. Frequent washouts, erosive channels, 
as well as poorly preserved fine-grained sediments are taken 
as evidence of quick and chaotic changes of braided channels 
with autocyclic erosive processes. The following rocks were 
recognized within the pebble material: microgranites, por-
phyric granitoids, vein quartz and light orthogneisses. Domi
nant mineral component of the arkosic metasandstones (n=4) 
is quartz (54 %), followed by K-feldspars (18 %), plagioclases 

Bratislava

Banská
Bystrica

30 km

N

SLOVAKIA

Košice

Paleozoic crystalline basements

Late Paleozoic

Tatric Unit
a. Skýcov Fm., b. Slopňa Fm.

Veporic Unit
a. Brusno Fm., b. Predajná Fm.

Hronic Unit:
a. Nižná Boca Fm., b. Malužiná Fm.

Mesozoic cover and nappe units

a. sediments, b. volcanites
Cenozoic units:

a. Tatric Unit, b. Veporic Unit

a b

a

a

a

a

b

b

b

b

Ješkova Ves

Koľačno
Radobica

Skýcov

Veľký Klíž

T     
R     

I    
 B     

E
Č

M     
T     

S.

NN

1 km

T-1

T-13A,B

T-3T-2

Rázdiel part

Zobor part

Sample Sample locality GPS coordinates

T-1 right slope of Šaloviny, ca 750 W from Kostelný vrch elevation (632 m), cliff overhead forest road, 370 m 
above sea level

48°33.497’N, 18°27.463’E

T-2 S of the Veľké Uherce village, Drahožická dolina Valley, abandoned quarry, 379 m above sea level 48°33.484’N, 18°27.523’E
T-3 S of the Veľké Uherce village, Drahožická dolina Valley, abandoned quarry, 374 m above sea level 48°33.484’N, 18°27.520’E
T-13A, B Right slope of Šaloviny, forest road cut, 430 m above sea level 48°33.490’N, 18°27.460’E

Fig. 1. Geological map of the Tribeč Mts. showing the localities of magmatic and detrital zircon samples, modified according to the Geological 
map of Tribeč, 1:50.000, after Ivanička et al. 1998; studied area location in the simplified map of Slovakia.

Table 1: List of analysed Permian rocks from the Tribeč Mts. with location of samples and GPS coordinates.
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(11 %), lithic rock fragments (12 %) and detrital micas (5 %) 
(Vozárová in Ivanička et al. 1998). Among sandy grade lithic 
fragments, the following were distinguished; dacites, andesites, 
aplitic granitoids and mica schists. Thin lenses of volcani
clastic, together with several andesite/basalt lava flows were 
identified within the arkosic metasediments. Similar types of 
volcanites in the Tribeč Mts. were first time mentioned by 
Ďurovič et al. (1992). This horizon of arkosic metasediments 
with occurrences of intermediate volcanites was correlated  
by Vozár & Vozárová (1988; in Ivanička et al. 1998) with  
the Permian sediments of the Northern Veporic Unit that were 
originally defined as the Brusno Formation (Vozárová 1979).

The sequence of dark-violet metagreywackes and sandy 
shales represents the youngest Permian sediments in the Tribeč 
Mts. They appear in the form of erosive residues overlying  
the Brusno Formation arkosic metagreywackes and direct 
underlie the highly quartzose Lower Triassic sediments. They 
were correlated with the Predajná Formation from the Northern 
Veporic Unit (in the sense of Vozárová 1979). Their super
position and significant differences in the mineral composition 
with respect to the Lower Triassic sediments make it possible 
to assume a substantial brake in sedimentation between the 
Permian and the Lower Triassic period.

The Mesozoic part of the Veporic envelope in the Tribeč Mts. 
is represented by a complete lithostratigraphic sequence, 
beginning with the Lower Triassic quartzites and ending with 
the Albian flysch-like Poruba Beds (Polák in Ivanička et al. 
1998). The entire sequence is affected by the Alpine deforma-
tion and recrystallization.

The Mesozoic envelope sequence of the Veporic Unit in  
the Tribeč Mts. shows a strong affinity to the envelope of  
the Northern Veporic Unit in the eastern part of the Nízke 
Tatry Mts. (Veľký Bok Sequence; Biely et al. 1997). Polák  
(in Ivanička et al. 1998) designated this Veporic Mesozoic 
envelope in the Tribeč Mts. as the Veľké Pole Sequence.

Analytical methods

The rock-forming minerals were studied by the electron 
microprobe JEOL JXA 8530OF, in the Laboratory of Electron 
Microanalysis (EMPA) of the Earth Science Institute of the 
Slovak Academy of Sciences, division Banská Bystrica.  
The zircons were extracted from the rocks by standard grin
ding, heavy liquid and magnetic separation techniques.  
The internal structure of individual zircon crystals was exa
mined with cathodoluminescence (CL) imaging by SEM 
(CamScanM2500 Oxford Instruments). In situ U–Pb analyses 
were performed using a Sensitive High-Resolution Ion Micro
probe (SHRIMP-II) at the Centre of Isotopic Research (CIR) 
in the A.P. Karpinsky Russian Geological Institute (VSEGEI), 
by applying a secondary electron multiplier in peak-jumping 
mode, based on the procedure described by Williams (1998). 
Primary beam diameter allowed the analysis an area of  
c. 25×20 µm. Cathodoluminescence (CL), backscattered elec-
trons (BSE) and optical (transmitted light) imaging was 

applied to reveal the internal and surface features that were 
used to choose the position of analytical spots on the mostly 
homogeneous inclusion-free parts of individual zircon grains. 
The 80 µm wide ion source slit, in combination with a 100 µm 
multiplier slit, allowed for the mass-resolution M/∆M≥5,000 
(1 % valley); hence, all the possible isobaric interferences 
were resolved. The following ion species were measured in 
the sequence: 196(Zr2O) –204Pb – background (c. 204.5 AMU) – 
206Pb–207Pb –208Pb –238U–248ThO –254UO. At least 4 mass-spec-
trums were acquired for each analysis. Zircon Temora-1 
(Black et al. 2003) was measured as the main reference mate-
rial (RM): one analysis per every four analyses of unknowns 
to obtain their U/Pb ratios. Zircon 91500 (Wiedenbeck et al. 
1995) was used as a concentration RM. The obtained results 
were processed by the SQUID v1.12 (Ludwig 2005) and 
ISOPLOT/Ex 3.75 (Ludwig 2012) software, with decay con-
stants recommended by Steiger & Jäger (1977), including 
modern corrections such as Hiess et al. (2012). Common lead 
correction was done on the basis of the measured 204Pb/206Pb 
ratio. The ages given in this text, if not additionally specified, 
are 207Pb/206Pb for zircon older than 1.0 Ga, and 206Pb/238U  
for those younger than 1.0 Ga. The degree of discordance  
was calculated according to the following formula: 
% D =100*(Age207/206/Age206/238−1). The uncertainties are quo
ted at standard deviation level (1σ, i.e. 68.3 % confidence) for 
individual points and at 2σ level in the Concordia diagram, for 
the Concordia ages or any previously published ages discussed 
in the text. Age distributions of detrital zircons are displayed 
as Kernel Density Estimates (Vermeesch 2018). Only analyses 
that overlay Concordia line within individual uncertainties 
were used for concordant-age calculation. The time-scale 
calibration of the International Chronostratigraphic Chart 
(2019-05) was used to compare geochronological data from 
detrital zircons with fossil-bearing sedimentary units and 
tectono-thermal events.

The chemical composition of the T-1 rock was analysed  
at the ACME Analytical Laboratories (Vancouver, Canada). 
The chemical compositions of the T-13A, B samples were ana-
lysed at the Geoanalytical Laboratories of State Geological 
Institute of Dionýz Štúr (Bratislava – Spišská Nová Ves, 
Slovakia). Major elements were determined by inductively 
coupled plasma emission spectrometry (ICP) and trace and 
rare earth elements by inductively coupled plasma mass spec-
trometry (ICP-MS).

Sample characteristics

Volcanic rocks

Petrography: Sample T-1 represents the pyroclastic rock 
which forms a layer inside the arkosic metasediments within 
the surface outcrop. Compositionally and texturally, it corre-
sponds to the andesitic lapilli metatuff with lithic, vitric and 
crystal fragments. Lithic fragments are represented by the 
andesite with porphyric or intersertal microtexture. Among  
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the studied crystals were plagioclases with a composite twin-
ning (Albite and Pericline laws), strong altered biotite and 
scarce amphibole, and relatively less β-quartz. It should be 
noted that practically all plagioclases are altered only to albite. 
The studied rock is dark violet unevenly foliated, with folia-
tion obliterated in the initial matrix texture, the former rich in 
vitric splinters. Due to the strong Alpine deformation, the 
interstices between volcanic lithic and crystal fragments are 
occupied by foliated crystalline aggregates of chlorite and  
Fe–Ti oxides, associated with sericite, albite and quartz.

Basaltic metaandesites/metabasalts are represented by the 
samples T-2 and T-13A, B. They are fine-grained, solid dark-
violet rocks,, slightly deformed and foliated, to some extent of 
crenulation cleavage. Characteristic is porphyritic texture with 
intersertal and fluidal groundmass. The mineral composition 
includes phenocryst of plagioclases, highly hematitized mafic 
minerals, and vastly resorbed β-quartz.

The plagioclases show repeated twins on the Albite and/or 
the Pericline laws. Albite-Carlsbad twinning is relatively com-
mon. The euhedral to anhedral plagioclases are broken and 
very often deformed along foliation planes, intensively altered 
to albite and replaced by secondary muscovite and calcite.  
The alteration rate varies depending on the anorthite content, 
with the larger anorthite contents being more completely 
altered than the zones rich in the albite component. Sieve tex-
ture were observed in the edges of plagioclase phenocrysts. 
This would be caused by heating events such as magma 
mixing, during which the temperature of magma was tempo-
rarily higher than the solidus of some minerals (Tsuchiyama & 
Takahashi 1983; Stewart & Pearce 2004). Nelson & Montana 
(1992) described the origin of sieve-plagioclases in connec-
tion with the rapid decompression, which may ultimately also 
be related to magma mixing.

Mafic phenocrysts are totally replaced by chlorite, sericite 
and Fe–Ti oxide/hydroxide, epidote/zoisite and dolomite.

Beta-quartz phenocrysts show distinct magmatic corrosion. 
Individual quartz crystals have embayed margins and are 
wrapped by fine aggregates of chlorite and opaque minerals. 
Quartz crystals are mostly anhedral, assumed due to magmatic 
resorption. They are also extensively fractured with slight 
oscillatory zoning in some places, often truncated by resorp-
tion surfaces. Resorbed and embayed quartz crystals with dis-
solution surfaces are found throughout the whole texture.

Recrystallized matrix consists of fine-grained, considerably 
preferred aggregate of chlorite, Fe-oxide/hydroxide minerals, 
calcite, albite, quartz, sericite and rarely epidote. Fine needles 
of rutile and crystals of apatite are frequent. Laths and needles 
of plagioclases are replaced by albite and sericite. Magnetite 
and ilmenite were detected as primary magmatic phases, either 
as inclusions in the mafic phenocrysts or as individual grains 
in the groundmass.

Geochemistry: Immobile trace elements such as high field 
strength elements (HFSE) and rare elements (REEs) have 
been used to classify of rocks and monitor magmatic affinities. 
These elements are less sensitive to alteration and hydrother-
mal overprint. Representative major- and trace elements 

including REEs are given in Supplementary Table S1. A list  
of the analysed volcanic rocks and sample localities is given  
in Table 1. Data plotted on the diagram after Winchester and 
Floyd (1977) modified by Pearce (1996), using the ratio of 
immobile trace elements Zr/Ti vs Nb/Y, show a sub-alkaline 
affinity for all samples (Fig. 2a). Within the plot, the samples 
T-13A, B clustered near the boundary between basaltic ande
site/basalt fields with clear basalt affinity. The sample T-1  
falls within basaltic andesite/andesite field with higher  
Zr/Ti ratios compared to the rocks from group 1. Following 
the techniques proposed by MacLean & Barrett (1993), the 
immobile element ratios Zr/Y indicate a distinct calc-alkaline 
magmatic trend for all studied samples, ranging from 6.3 to 
7.7. Equally, the Th/Yb ratios (1.43–1.48 for basalts and  
4.94 for pyroclastic rock) clearly specify the calc-alkaline 
magmatic trend.

The chondrite normalized (Sun & McDonough 1989) REE 
patterns (Fig. 2b) shows enrichment in light REEs (LREEs) 
and has a slightly negative to flat pattern on the heavy REEs 
(HREEs). The enrichment in LREEs is indicated by relatively 
higher LaN/YbN ratios, 12.2 for the sample T-1 and 7.7–7.9 for 
the samples T-13A and T-13B, respectively. Only indistinct 
negative Eu anomalies were observed, with 0.75 for sample 
T-1 and 0.77–0.79 for samples T-13A and T-13B.

To deduce further the origin and source of these rocks, 
tectonic discrimination diagram (after Pearce 1983 revised by 
Gorton & Schandl 2000) was used, plotting ratios of Th/Yb vs 
Ta/Yb and Ta/Th vs Yb (Fig. 2c, d). These data strongly sug-
gest a Within Plate Volcanic Zone (WPVZ) tectonic setting.

Sedimentary rocks

Petrography: Arkosic metagreywackes, surrounding the vol
canogenic horizon, are represented by the sample T-3. This 
sample comes from the direct underlier of the volcanogenic 
horizon. Its light-grey or light green-grey colour and highly 
foliated structure are characteristic. They are poorly sorted, 
containing coarse grains of quartz, feldspars, detrital micas 
and dark-violet volcanic fragments stretched along the folia-
tion planes. Quartz is dominant in rock composition (~50 %), 
mostly in coarse-grained polycrystalline varieties. The second 
important component is feldspars (~35 %), including K-feld
spars (~18 %) and plagioclases (~17 %). Generally, they are 
secondary altered in variable intensity, and are replaced by 
aggregate of sericite, albite and rarely calcite. The plagioclase 
relics composition ranges up to An15.5  (Supplementary Table S2). 
Due to the strong albitization, Ca-richer phases are preserved 
either in central parts of the previous plagioclase crystals or in 
the form of unevenly spotted patches throughout the whole 
crystal. The alteration processes, most likely pre-sedimentary 
magmatic/post-magmatic and/or diagenetic, transform the com
position of Ca-rich plagioclases to Na-rich albite phases. 
Besides essentially Na and Ca variations the plagioclases con-
tain insignificant orthoclase component content, varying up to 
1.8 molar percent. Other elements which are present in very 
limited amounts include Fe, Mg, Mn, Ba, and Sr.
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Detrital micas are present in amounts up to 3 % and based 
on the micas’ chemical composition they belong to the true 
white micas (after Tischendorf et al. 2007; Supplementary 
Table S3). Two groups of white micas have been distinguished 
among them. The first group corresponds to the true musco-
vite with Si about 3.1 apfu. in the tetrahedral T site and  
low amount of Fe and Mg in octahedral M site. The second 
group is linked to the muscovite-celadonite series, containing 
a higher amount of tetrahedral co-ordinated Si, in the range 
from 3.3 to 3.6 apfu., as well as a high amount of Mg and  
Fe in the octahedral M site (Supplementary Table S3 and  
Fig. S1).

Primary fine-grained sedimentary matrix is completely 
recrystallized with significant preferred orientation. It consists 
of crystalline aggregate of quartz, sericite, Fe–Ti oxides and 
sporadically albite, chlorite and calcite. Zircon, apatite and 
opaque minerals (hematite, magnetite, Ti-magnetite) are com-
mon accessories. Monazite was identified rarely.

Results of zircon dating

Volcanic rocks

The magmatic zircon age data was acquired from the sam-
ples T-1 and T-2 (Fig. 1). A characteristic feature, of the both 
samples, is a high occurrence of inherited grains, which are 
mantled with newly formed igneous rims on their edges  
(Fig. 3A). Zircon ages, obtained from 14 grain edges wide 
enough to allow the measurements, gave a Concordia age of 
263.1±2.6 Ma (Fig. 4). This age clearly corresponds to Gua
dalupian, just from the boundary Wordian/Capitanian and 
Capitanian Stage, and represents the magma crystallization 
age of the Tribeč Permian volcanic rocks. Only one solitary 
zircon grain in the sample T-2 documents the Cisuralian age 
(Sakmarian–Artinskian, 291.6±3.3 Ma). This age probably 
indicates the older Permian magmatic event in the former 
sedimentary basin or in its wider surroundings. The magmatic 
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Det: CLI; 12.00kV;Beam: 5; WD:28.28 mm 100 µmSample: T-1A

2.1: 631.2 Ma

1.1: 2012.9 Ma

1.2: 1816 Ma

3.1: 1850 Ma

3.2: 1853 Ma

7.1: 618.4 Ma

7.2: 350 Ma

6.2: 257.7 Ma

6.1: 627.1 Ma

5.1: 598.5 Ma

5.2: 264.2 Ma

11.1: 586.2 Ma

11.2: 263.7 Ma

4.1: 974.6 Ma

4.2: 819.2 Ma

9.1: 587.2 Ma

9.2: 584.3 Ma8.1: 2764.3 Ma

8.2: 250.7 Ma 10.1: 619.6 Ma 12.2: 260.8 Ma

12.1: 1952 Ma

9.1: 1905.4 Ma

9.2: 268.7 Ma

8.1: 291.6 Ma

Sample: T-2B 100 µmDet: CLI; 12.00kV; Beam: 5; WD: 34.31 mm

12.1: 983 Ma

13.1: 325.7 Ma

3.2: 269.6 Ma

3.1: 637.6 Ma

4.1: 2035.9 Ma

5.1: 843.5 Ma

6.1:702.7 Ma

6.2: 261.5 Ma

7.1: 2605.1 Ma

17.1: 267.4 Ma

16.1: 270.4 Ma

16.2: 1020 Ma

15.1: 272.4 Ma

10.1: 866 Ma

10.2: 268.7

2.2: 265.7 Ma

2.1:910.3 Ma

1.1:598.5 Ma

1.2: 263.7 Ma

11.2: 415 Ma

11.1: 1027 Ma

14.1: 2121 Ma

Det: CLI; 12.00kV; Beam: 5; WD: 34.31 mm 100 µmSample: T-3C

15.1: 465.6 Ma

2.1: 349.4 Ma

1.1: 360.1 Ma

7.1: 315.4 Ma

6.1: 2447 Ma
8.1: 363 Ma 9.1: 347.3 Ma

16.1: 483 Ma

14.1: 281.3 Ma13.1: 354.6 Ma12.1: 485.7 Ma
11.1: 549.9 Ma

10.1: 518.5 Ma

5.2: 351.3 Ma

5.1: 564.8 Ma

4.1: 345.5 Ma

3.1: 499 Ma

Fig. 3. Cathodoluminescence zircon images with indication of the age data (in Ma). The age data correspond to 238U/206Pb ages up to 1.0 Ga and 
to 206Pb/207Pb age data for >1.0 Ga. A — sample T-1; B — sample T-2; C — sample T-3.
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origin of the whole Permian population is 
confirmed by the 232Th/238U ratio values 
ranging from 0.12 to 0.44 (Wang et al. 2011) 
and the oscillatory growth zoning, as well as 
resorption discontinuities between magmatic 
rims and inherited cores.

Among inherited grains in the sample T-1 
(Table 2; Fig. 3) the Ediacaran ages are domi
nant, ranging from 586.2±7.9 to 627.1±2.8 Ma. 
The zircon analyses yielded U contents of 
130–679 ppm and Th contents of 82–508 ppm. 
232Th/238U ratios of the Ediacaran inherited 
zircons vary from 0.45 to 1.27, indicating  
a crystallization from felsic to intermediate 
igneous melt (Table 2). A further two inhe
rited grains are considerably older, 2764.3±5.4 
and 1952.0±8.6 Ma, with 0.73 and 1.67 
232Th/238U ratios, respectively. In one case, 
the inherited grain of 618.4±2.8 Ma is coated 
with the newly formed zircon 350.0±4.4 Ma 
old (spots 7.1 and 7.2; Table 2; Fig. 3). That 
could mean a partial melting and reworking 
of Cadomian crust in the early Variscan 
magma cycle.

Only one xenocrystic grain revealed the 
Tonian ages from 974.6±7.3 to 819.0±8.9 Ma 
(core → rim), showing well preserved 
growth oscillatory zoning, as well as the 
magmatic 0.81 and 0.77 232Th/238U ratios 
(Table 2). The next two xenocrysts revealed 
1850±15 and 2013±6 Ma ages in the core, 
corresponding to Orosirian. First of them 
indicates an intermediate to mafic magmatic 
source with the internal oscillatory grown 
texture and relatively high 232Th/238U ratio 
(1.26). On the other hand, the second Paleo
proterozoic grain shows a homogeneous 
internal texture with very low 232Th/238U 
ratio value (0.02), likely indicating a high-
grade metamorphic source (Fig. 3; Table 2). 
It is mantled by the 1816±22 Ma rim of mag-
matic origin (232Th/238U=0.19), however with 
a high discordance. Nevertheless, it suggests 
that the older Paleoproterozoic metamorphic 
grain has been reworked in a new magmatic 
cycle.

The age spectrum of the inherited grains in 
the sample T-2 is dominated by Neoprotero
zoic ages ranging between 591 and 999 Ma 
(Table 3). Two other inherited grains revealed 
~1.0 Ga ages, just straddling the boundary 
between Tonian and Stenian (1027±21 and 
1058±14 Ma). The additional grains show 
Paleoproterozoic–Neoarchean ages. Three of 
them are around 2.0 Ga old (1905±8, 2036±7 
and 2121±15 Ma) and one other corresponds Sp
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to Neoarchean (2605±14 Ma).  
The majority of analysed inherited 
cores, specify an acid magmatic 
provenance which is indicated by 
the 232Th/238U values, ranging from 
0.13 to 0.87. These inherited cores 
exposed relatively well-preserved 
growth zoning with features of local 
recrystallization. From the measu
red inherited grains only two of them 
revealed low 232Th/238U values, cor-
responding to 0.06 and 0.08 (spots 
2.1 and 14.1; Table 3), indicating  
a possible metamorphic origin 
(910.2±9.5 and 2121±15 Ma).  
The grains show a high complexity 
of their internal texture, with convo-
lute and chaotic patchy domains.

Sedimentary rocks

17 analytical spots have been 
obtained on 16 detrital zircon grains 
from the sample T-3 (Table 4). One 
analytical point was omitted from 
the calculation because of 26 % 
discordance. The sample T-3 yielded 
concordant ages, mainly between 
345±4 Ma and 565±7 Ma. The results 
are dominated by Tournaisian–
Famennian ages, ranging from 342 
to 367 Ma (8 spots). This set of ana
lyses has been made from both, core 
as well as rim domains and gave  
the Concordia age of 352.4±2.9 Ma 
(Fig. 5). The concentration of U  
and Th is low to moderate, 281–
1027 and 41–461 ppm, respectively.  
The 232Th/238U ratio values are  
varying between 0.12 and 0.99.  
A typical feature of the studied 
Tournaisian–Famennian zircons is 
the presence of well-developed 
growth oscillatory zoning (Fig. 3). 
They are most likely to be a result  
of crystallization from felsic melt 
composition (Wang et al. 2011).  
The only exception is the spot 5.2 
(351.3±4 Ma), which overgrows  
the Ediacaran inherited grain 
(564.8±7.1 Ma), with low 0.06 
232Th/238U ratio value (Table 4;  
Fig. 3). The resorption interval with 
textural discontinuity has been 
observed, along which the original 
zoning is resorbed, and succeeded Sp
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by the newly grown zircon, thus indicating a strong post-
magmatic or metamorphic recrystallization process (Corfu et 
al. 2003). The rim shows the irregular and patchy internal 
texture.

A less frequent detrital zircon population is characterized 
by two zircons of Ordovician age (465.6±5.3 and 483.0±5.3 Ma) 
and equally, two zircons of Cambrian ages (485.7±5.3 and 
499.0±5.6 Ma). The 232Th/238U ratio values, less than 1,  
indicate crystallization from a felsic igneous melt (Table 4). 
Their internal textures are typical of growth oscillatory zoning. 
Next, two Ediacaran grains (564.8±7.1 and 545.9±7.3 Ma) 
appear in the form of the inherited grains, which are over-
grown by oscillatory zoned rims. The 232Th/238U ratio values, 
0.88 and 0.67, correspond with a crystallization from felsic 
melt composition. Only one zircon grain yielded Neoarchean 
(2447±16 Ma) age. It is well rounded and overgrown by  
a light rim of newly formed zircon that is also perfectly 
rounded at its surface (Fig. 3). This suggests a multiple 
recycling.

Discussion

Age determination of volcanic rocks

U–Pb zircon dating of the volcanic rocks from the Veporic 
Unit of the Tribeč Mts. proved the Guadalupian volcanic 
event, revealed from the 263.1±2.6 Ma Concordia zircon age. 
This fact does not correspond well with the zircon age data 
which were obtained from the Brusno Formation volcanic 
rocks of the Northern Veporic Unit in the Čierťaž Mts. and 
showed rather older ages, matching Kungurian. This was 
documented by the 273±6 and 279±4 Ma ages with the 
SHRIMP method (Vozárová et al. 2016) and 278±11 Ma age 
from volcanic rocks and by the conventional multi-grain ana
lysis (Kotov et al. 1996) from the volcanic dyke complex.  
It should be noted that the Kungurian age is the most docu-
mented age within the Western Carpathians Permian volca-
nites. Nearly the same ages were found in the Permian 
volcanites of the Northern Gemeric Unit (278±11 Ma mona
zite age – Rojkovič & Konečný 2005; 272±7 and 275±4 Ma 
zircon SHRIMP ages – Vozárová et al. 2012), in the Southern 
Gemeric Unit (276±11 Ma monazite age – Vozárová et al. 
2008; 273±3 and 275±3 Ma zircon SHRIMP ages – Vozárová 
et al. 2009), as well as in the Bučina Fm. of the Bôrka Nappe 
(273±2 Ma zircon SHRIMP age – Vozárová et al. 2019).  
The beginning of the Permian volcanic activity in the Western 
Carpathians was documented by the reworked Cisuralian 
magmatic zircons (298–293 Ma; Vozárová et al. 2018, 2019) 
within detrital zircon assemblages in the associated 
sediments.

However, the zircon ages from the Permian volcanites in 
Tribeč Mts. could be compared with age data obtained from 
the Permian volcanic rocks in Považský Inovec Mts. (266±2 
and 262±2 Ma – Putiš et al. 2016; 260±1 Ma – Pelech et al. 
2017), as well as from the Permian volcanites in the Muráň Sp

ot
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Nappe (263±2–269±2 Ma – Ondrejka et al. 2018) and from  
the Jasov Formation of the Bôrka Nappe (266±2 Ma – 
Vozárová et al. 2012). All these ages indicate the Guadalupian 
volcanic event, overwhelming mainly the Wordian and 
Capitanian Stages.

The obtained zircon age data confirm the multistage 
post-orogenic extensional tectonic regime for the genesis of 
the Permian volcanism in the Western Carpathians. It conti
nued up to the Lopingian/Lower Triassic in some places, as  
is documented by the Re–Os molybdenite ages (257±3 and 
256±4 Ma, Kohút et al. 2013) and zircon SHRIMP age  
(251±4 Ma, Vozárová et al. 2015) from the Northern Gemeric 
Unit.

Chemical composition data from the Tribeč Permian vol-
canic rocks suggest a within plate tectonic setting (Fig. 2c, d). 
The analysed volcanic rocks are characterized by a relatively 
high content of old xenocrystic zircon grains, which have been 
mantled by the newly formed zircons. The Permian magma 
was presumably a result of a partial melting of the mantle 
derived mafic magmatic source and along with a high assimi-
lation of crustal material. Thus, the old xenocrystic zircon 
grains could entrain into this magma. The studied volcanic 
rocks are metaluminous and due to the low Zr saturation level 
of such magmas (Watson & Harrison 1983; Boehnke et al. 
2013), the xenocrystic zircon grains survive. The melt was 
probably dry and cool.

Detrital zircon assemblage and xenocrystic grains

The detrital zircon population in the T-3 sample together 
with the xenocrystic grains inherited in the volcanic rocks is 
dominated by the Tournaisian and Ediacaran zircon ages 
(Fig. 6). Lesser amounts of zircon ages correspond to  
the Cambrian–Ordovician and Tonian. Compared to this,  
the occurrence of the Paleoproterozoic/Neoarchean zircons 
is negligible.

We are aware that the stated number of age measurements of 
detrital zircons is too low for any interpretation of provenance. 
Since the detrital zircons were separated from a sample from 
the direct bedrock of the volcanic horizon, we allowed our-
selves to evaluate them together with the xenocrystic grains. 
Both detrital and xenocrystic zircons have almost identical age 
peaks on the Kernel Density Estimation distribution curve. 
The only difference is the absence of Cambrian–Ordovician 
ages between xenocrystic grains. Of course, this is perhaps 
due to the smaller number of grains measured. Even so,  
we assumed the same crustal source, although of course  
the volcanics reflect a much deeper horizon extending into  
the mantle.

The zircon age distribution, shown by the Kernel Density 
Estimation (KDE), identify the main peaks at the 353 and  
618 Ma and further small peaks at the 484, 847, 1000 and  
1855 Ma (Fig. 6). The presented detrital zircon ages specify, 
generally, the provenance of the Tribeč Permian deposits  
from the Western Carpathian Crystalline Basement (WCCB). 
A similar association of xenocrystic zircon grains was assimi-
lated by the Permian magma and represents the same crustal 
source.

The Devonian/Mississippian I-type granitoids were deter-
mined by the SIMS U–Pb zircon method in the crystalline 
basement of the Tribeč Mts. (367–358 Ma; Broska et al. 2013). 
Here, the authors also described the Ordovician and Archean 
inherited zircon grains. 

Similarly, in other areas of the Western Carpathian Tatric 
and Veporic crystalline basement comparable ages of I- and 
S-type granitoids were found. Data demonstrate ages between 
367–353 Ma (e.g., zircon data – Kohút et al. 2008, 2009; 
Burda et al. 2011; Vozárová et al. 2016; monazite chemical 
data – Finger et al. 2003; Petrík & Konečný 2009). Consistently, 
the previous ID-TIMS multigrain zircon analysis (Bibikova et 
al. 1988; Shcherbak et al. 1990) and single grain evaporation 
ages (Kráľ et al. 1997; Poller & Todt 2000; Gaab et al. 2005) 
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specify nearly synchronous magmatic events in the range  
of 345–356 Ma. SIMS zircon dating from the WCCB high-
grade orthogneisses yielded nearly identical ages (371–363 Ma 
SHRIMP data, Putiš et al. 2008, 2009; 357–363 Ma single 
grain evaporation ages, Poller et al. 2000; Putiš et al. 2003).

A smaller age cluster among the Tribeč Permian detrital zir-
con assemblage is represented by the Cambrian–Ordovician 
ages spanning 499–466 Ma. These ages have been defined  
in layered amphibolites and orthogneisses of the WCCB Tatric 
and Veporic units (SHRIMP zircon data Putiš et al. 2008, 
2009; single grain evaporation Gaab et al. 2005; chemical 
monazite ages Janák et al. 2002). The second largest group of 
detrital zircons ages correspond to the Ediacaran in the range 
of 546–631 Ma, with leading peak at 618 Ma (Fig. 6).  
A smaller number of detrital zircons are represented by the 
Tonian ages, giving two small sub-peaks at 847 and 1000 Ma 
on the KDE distribution curve (Fig. 6). The Paleoproterozoic/
Neoarchean detrital zircons of the 1.8–2.0 Ga and 2.4–2.7 Ga 
are negligible (Table 1) and hold remarkable features of mul
tiple recycling.

Generally, the presented Tribeč Permian detrital zircon 
assemblage, as well as the xenocrystic grains population from 
the associated volcanic rocks, indicate the provenance from 
the Variscan WCCB crust, with highly evolved detrital mate-
rial from the earliest I-type Variscan granitoids. The studied 
detrital zircon population resembles the Ediacaran (546–631 Ma) 
and Paleoproterozoic–Neoarchean (1.8–2.8 Ga) zircon ages, 
which is usually taken to indicate a clear affinity with the peri-
Gondwanan Cadomian Belt and the West African Craton pro
venance throughout the Neoproterozoic–Ordovician time (e.g., 
Fernández-Suárez et al. 2002; Friedl et al. 2004; Linnemann et 
al. 2007, 2014; Meinhold et al. 2010; Drost et al. 2011; Hender
son et al. 2016; Avigad et al. 2018 and references therein).

Conclusions

•	 The obtained in situ U–Pb (SHRIMP) magmatic zircon ages 
clearly document the timing of the Mid-Permian litho-
spheric extension in the internal zone of the Variscan 
Western Carpathians. The Concordia age 263.1±2.6 Ma cor-
responds to the uppermost Guadaluppian (Capitanian) and 
represents the magma crystallization age of the Tribeč 
Permian volcanic rocks.

•	 Detrital zircon population from the Tribeč Permian meta
sediments as well as the xenocrystic grains from the associa
ted volcanic rocks, show internal textures and Th/U ratios 
indicating magmatic sources as dominant. Metamorphic 
sources are considerably reduced. The dominant Mis
sissippian and Ediacaran zircon ages allow us to assume 
their derivation from the Western Carpathian Crystalline 
Basement, with a high proportion of detritus from the 
Variscan I-type granitoids and from involved fragments of 
the Cadomian crust. The acquired detrital zircons assem-
blage enable us to correlate the source area of the Tribeč 
Permian sedimentary rocks with the equivalent provenances 
for the Tatricum, Northern Veporicum, as well as displaced 
Hronicum basement rocks.
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sample T-1 T-13A T-13B
SiO2 wt. % 54.58 52.64 52.52
Al2O3 16.63 15.74 16.19
TiO2 0.59 1.613 1.703
Cr2O3 0.034 0.028 0.030
Fe2O3 *5.32 9.02 9.13
FeO n.d. 3.41 3.02
MgO 3.88 6.27 6.52
MnO 0.08 0.121 0.117
CaO 3.54 6.96 4.73
Na2O 4.78 3.09 4.00
K2O 3.46 0.17 0.42
P2O5 0.23 0.31 0.32
Total 93.12 95.96 95.68
LOI 6.70 0.67 0.75
Ni ppm 65 79 83
Sc 11 22 22
Ba 282 44 86
Co 18.2 n.d. n.d.
Cs 12.5 n.d. n.d.
Ga 15.2 n.d. n.d.
Hf 4 4.5 4.5
Nb 9.9 14 13
Rb 119 12 21
Sn 3 n.d. n.d.
Sr 115 686 319
Ta 2.1 2 2
Th 7.7 4 4
U 2.3 2.8 2.9
V 88 171 185
W 1.2 n.d. n.d.
Zr 154 200 184
Y 19.9 28 29
La 26.5 29 31
Ce 60 55 52
Pr 7.9 5 5
Nd 32.5 31 33
Sm 5.97 6 6
Eu 1.32 1.6 1.7
Gd 4.87 6.8 7.1
Tb 0.67 0.8 0.9
Dy 3.41 5 5.6
Ho 0.65 1.4 1.4
Er 1.75 3.4 3.4
Tm 0.27 0.5 0.5
Yb 1.56 2.7 2.8
Lu 0.24 0.5 0.47
Ctot % 1.41 n.d. n.d.
Stot % -- 0.01 0.03
Eu/Eu* 0.748 0.766 0.796
Zr/Y 7.72 7.14 6.35
Th/Yb 4.94 1.48 1.43
LaN/YbN 12.18 7.70 7.94

Supplement

Table S1: Major (wt. %) and trace element concentrations 
(ppm) in the Permian volcanic rocks. Abbreviations: n.d. – not 
determined, -- below detection limit, * all Fe as Fe2O3. 
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sample T-3 T-3 T-3 T-3 T-3 T-3
analyse 10 11 12 13 17 19
SiO2 65.10 65.10 65.54 64.92 67.16 66.19
Al2O3 21.68 21.68 22.8 22.46 20.95 22.16
FeO 0.0 0.08 0.06 0.06 0.0 0.04
MgO 0.0 0.02 0.0 0.0 0.0 0.01
CaO 2.61 2.56 2.82 3.28 1.77 2.81
Na2O 10.1 10.2 9.99 9.71 10.56 10.00
K2O 0.29 0.31 0.28 0.23 0.08 0.33
BaO 0.03 0.004 0.02 0.03 0.0 0.0
SrO 0.09 0.04 0.06 0.02 0.07 0.01
Total 99.84 99.82 100.80 100.76 100.58 101.55
Si 2.872 2.870 2.844 2.843 2.927 2.870
Al 1.127 1.126 1.166 1.159 1.076 1.132
Fe 0.000 0.003 0.002 0.002 0.000 0.001
Mg 0.000 0.001 0.000 0.000 0.000 0.001
Ca 0.123 0.121 0.131 0.154 0.083 0.131
Na 0.864 0.872 0.840 0.824 0.892 0.841
K 0.016 0.017 0.015 0.013 0.004 0.018
Ba 0.001 0.000 0.000 0.001 0.000 0.000
Sr 0.002 0.001 0.002 0.001 0.002 0.000
CatSum 5.005 5.012 5.001 4.996 4.984 4.994
Or % 1.6 1.7 1.6 1.3 0.5 1.8
Ab % 86.1 86.3 85.1 83.2 91.1 85.0
An % 12.3 12.0 13.3 15.5 8.4 13.2

Table S2: Microprobe analyses of detrital plagioclases from the sample T-3.
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Samples T-3 T-3 T-3 T-3 T-3 T-3 T-3 T-3 T-3 T-3
analyse 1 2 3 4 5 7 8 14 15 16
SiO2 47.42 47.40 47.35 52.00 50.62 53.66 51.68 50.51 52.38 47.99
TiO2 0.26 0.39 0.75 0.27 0.38 0.05 0.26 0.21 0.12 0.65
Al2O3 36.00 36.04 35.81 23.52 25.67 22.06 26.12 33.18 25.30 35.64
Cr2O3 0.04 0.00 0.00 0.04 0.01 0.00 0.00 0.04 0.00 0.06
FeO 0.66 0.61 0.74 4.61 3.72 4.87 4.17 0.95 3.22 0.68
BaO 0.05 0.24 0.04 0.10 0.17 0.03 0.10 0.10 0.04 0.12
MnO 0.00 0.01 0.00 0.04 0.01 0.01 0.02 0.00 0.01 0.01
MgO 0.40 0.37 0.62 4.05 3.12 4.72 3.36 1.30 3.73 0.42
CaO 0.01 0.00 0.03 0.01 0.00 0.00 0.01 0.01 0.03 0.01
Na2O 0.47 0.53 0.57 0.02 0.06 0.03 0.05 0.13 0.08 0.41
K2O 10.57 10.62 10.48 11.46 11.38 11.24 11.02 9.84 10.94 10.36
F 0.00 0.02 0.00 0.03 0.00 0.00 0.06 0.06 0.00 0.00
Cl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00
Total 95.88 96.23 96.39 96.16 95.14 96.67 96.86 96.33 95.85 96.35
O=Cl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
O=F 0.00 0.01 0.00 0.01 0.00 0.00 0.02 0.02 0.00 0.00
Σ corr. 95.88 96.22 96.39 96.15 95.14 96.67 96.83 96.30 95.84 96.35
Si 6.236 6.223 6.202 7.002 6.859 7.167 6.863 6.563 6.983 6.273
 (IV)Al 1.764 1.777 1.798 0.998 1.141 0.833 1.137 1.437 1.017 1.727
Sum T 8 8 8 8 8 8 8 8 8 8
(VI)Al 3.82 3.80 3.73 2.73 2.96 2.64 2.95 3.64 2.96 3.76
Ti 0.026 0.038 0.074 0.027 0.039 0.005 0.026 0.020 0.012 0.064
Cr 0.004 0.000 0.000 0.004 0.001 0.000 0.000 0.004 0.000 0.006
Li 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe2+ 0.073 0.067 0.081 0.519 0.421 0.544 0.463 0.103 0.359 0.074
Mn 0.000 0.002 0.000 0.004 0.001 0.001 0.002 0.000 0.002 0.001
Mg 0.078 0.072 0.121 0.814 0.629 0.939 0.666 0.252 0.741 0.082
Sum M 4 4 4 4 4 4 4 4 4 4
Ca 0.001 0.000 0.004 0.001 0.000 0.000 0.001 0.002 0.004 0.001
Ba 0.002 0.012 0.002 0.005 0.009 0.002 0.005 0.005 0.002 0.006
Sr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Na 0.119 0.135 0.145 0.006 0.017 0.009 0.013 0.032 0.020 0.105
K 1.774 1.778 1.752 1.969 1.968 1.914 1.868 1.630 1.860 1.728
Sum X 2 2 2 2 2 2 2 2 2 2

Table S3: Microprobe analyses of detrital muscovites from the sample T-3. 



ivZIRCON U–PB GEOCHRONOLOGY FROM PERMIAN ROCKS OF THE TRIBEČ MTS. 

GEOLOGICA CARPATHICA, 2020, 71, 3, 274–287

Fig. S1: T-3 detrital micas in Tischendorf et al. (2007) classification diagram.


