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Abstract: Granitoids s.l belong among typical rocks forming pebbles in conglomerates of Middle Cretaceous to Paleo
gene flysch in the Slovak part of the Pieniny Klippen Belt (PKB). Predominant are biotite leucogranites to granite por
phyries, with metaluminous to peraluminous trend, increased values of K, Zr, Y, REE, Zn and Ga/Al, decreased contents 
of Al, Ca, Mg, Sr and V (Upohlav type). The two comparative rhyolite samples are geochemically related to this type as 
well. Less frequent are biotite to two-mica granodiorites and granites, with peraluminous trend, in contrast to the fust 
typewithincreased contents of above all Ca, Mg, Sr and Ba, but lower values of K, Rb, Zr, Y, Zn and Ga/Al (Krivá tvpel. 

artu iíľ ,rem. geochemlcal characteristics shows the occurrence of porphyric granite (Lubina type). While the Krivá and 
probable also Lubina type are comparable with Variscan (above all Carboniferous) erogenic granitoids of the Western 
Carpathian Thtnc and Veponc Units, the Upohlav type has analogues in post-orogenic (above all Permian) intrusions in 
the broader Alpine-Carpathian and Western Mediterranean region.
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Introduction

Pebbles of granitic rocks s.l., which occur systematically in con
glomerates of the Middle Cretaceous to Paleogene (Eocene) 
flysch of the Pieniny Klippen Belt (PKB) in the Western as well 
as Eastern Carpathians, have long attracted the attention of geo
logists, above all due to abundant occurrence of exotic types, the 
analogues of which, until recently, have not been described in 
the Carpathian region. The study of acid magmatic rocks from 
these pebbles was in the past oriented to accessible petrographic 
and geochemical studies, i.e. optical study, major and some trace 
elements (Zoubek 1931; Wieser 1958; Krivý 1969; Kamenický 
et al. 1974; Šímová 1985; Birkenmajer & Skupinski 1989; Bir- 
kenmajer & Wieser 1990; Mišík et al. 1991b). Geochemical 
Classification, petrogenesis, provenience, age and original paleo- 
geographical Situation of the PKB granites are important for 
clarifying the geological evolution of this region situated on the 
contact of external and central Carpathian units. We attempted 
thus to contribute to the solving of these problems with the help 
of the study of accessory zircon (Uher & Marschalko 1993; 
Uher & Pushkarev, in press), as well as some geochemical char
acteristics of PKB granitic rocks presented in this paper.

Geological position of the pebbles

Granitoid rocks occur systematically in pebbles of conglome
rate bodies within proximal facies of turbidite flysch sequences 
of Cretaceous-Paleogene age in the Slovak, Polish as well as 
Ukrainian section of PKB (Zoubek 1931; Wieser 1958; Chernov

1973; Marschalko et al. 1976; Marschalko 1975,1986; Mišík et 
al. 1991b). Pebbles of various sedimentary, magmatogenic and 
metamorphic rock types, granitoids forming in average 4 % (West
ern Slovak segment - Marschalko 1986), occur in several conglom
erate horizons within flysch cycles of the Klape, Pieniny and 
Manin Units. The age span of the conglomerate bodies in the 
Western Slovak PKB segment is Upper Albian to Campanian 
(Marschalko & Samuel 1975; Marschalko 1986), while east
wards (Eastern Slovak and Ukrainian segment) the ages are 
stratigraphically shifted from Paleocene to Middle Eocene 
(Chernov I.e., Mišík et al. I.e.). The size of the granitoid pebbles 
to blocks is very variable, from 0.X cm to 1 -1.5 m blocks (loc. 
Považský Chlmec, Zádubnie, Kotrčiná Lúčka). The pebbles are 
most widespread in the region between Puchov and Žilina, 
and in the Orava region (NW Slovakia). In our contribution 
we present a study of the whole Slovak segment, from Pod- 
branč in the west to Inovce in the east, in a length of approx 
350 km (Fig. 1). F '

Petrographical characteristics

Already with the naked eye, two different granitoid rock types 
can be distinguished (’’exotic” vs. ’’Tätry” type granites - Zoubek 
1931, granites II vs. I - Šímová 1985; Upohlav vs. Krivá type 
- Uher & Marschalko 1993). On the basis of a study of accessory 
zircon and unpublished data, at least a part of rhyolite pebbles 
can be ranged among the Upohlav granitic rocks. Sporadically, 
a third type has been identified as well: the Lubina type of 
granitic rocks (Uher & Marschalko l.c.).



Fie. 1. Geological map of Slovak and Polish section of the Pieniny Klippen Belt (PKB) and adjacent units with marked localization of studied 
patterns of granitic rocks (numbers indicate the ”BP” samples, see sample locations and Tab. 1). 1 - flysch belt (Cretaceous - Paleogene) and 
Neogene basins of Outer Carpathians; 2 - PKB (Jurassic - Paleogene); 3 - peri-klippen zone: Brezová, Myjava and Manin Units, Súľov Formation 
(Jurassic - Paleogene); 4 - mostly intermediary volcanic and pyroclastic rocks (Neogene); 5 - clastic Central Carpathian Paleogene and Neogene; 
6 -mostly carbonatic less clastic and volcanic sequences of different units (Upper Carboniferous - Cretaceous); 7 - post-orogenic small intrusions 
of granites (mainly Permian), H - Hrončok, T - Turčok, G - Spiš-Gemer (see discussion); 8 - orogenic granitoids of Tatnc and Veponc Units 
(mainly Carboniferous); 9 - metapelites-metapsammites, local metavolcanics and metacarbonates of Tatric and Veporic Units (mainly Ear у 
Paleozoic); 10 - metapelites-metapsammites, metavolcanics and metacarbonates of Gemeric Unit (Paleozoic).

1 -  The Upohlav type. There are leucocratic granites with bio- 
tite, passing into granite porphyries. Granites s.s. have massive 
confining structure, hypidiomorphic-granular texture. The K- 
feldspar, forming up to 0.5 cm large phenocrysts, is optically 
distinguishable as orthoclase-perthite, frequently forming Carls
bad twins. Plagioclase I (An about 10) forms hypidiomorphic, 
strongly sericitized grains, in contrast to unaltered plagioclase II 
- albite with Anom, substituting plagioclase I as well as K-feld- 
spar. Biotite forms characteristic xenomorphic clusters, less 
hypidiomorphic lamelles of yellow-green to dark green colour, 
due to high Fe2+contents and partial chloritization (unpublished 
analyses - Uher & Petřík). From accessoiy minerals, we observed 
zircon, allanite and magnetite, sometimes there are frequent veins 
of secondary calcite. Average modal composition of Upohlav type 
granites (n = 13) is the following: quartz 34.4 ± 6.7, K-feldspar 
36.9 ± 13.2, plagioclase 23.3 ± 11.9, biotite 4.8 ± 2.7 (vol. %).

A typical feature of granite porphyries is porphyric texture 
with microgranitic matrix or dactylitic (micrographic) inter
growth of K-feldspar with quartz. Pink K-feldspar phenocrysts 
are again frequent. Rhyolites have aphanitic texture with cor
roded beta-quartz, locally also albite phenocrysts.

2 -  The Krivá type. Among these there are granites, grano- 
diorites to leucotonalites (the later only on the basis of planime
trie analysis), local pegmatoid granites to pegmatites (especially 
loc. Krivá and Široká). Granitoids s.s. have equigranular hypi
diomorphic texture with sericitized plagioclase (oligoclase to an- 
desine), gridded microcline-perthite, undulose quartz, brown 
hypidiomorphic biotite, less muscovite. From accessories there 
are garnet, apatite and zircon. Average modal composition of 
Krivá type granitoids is as follows (n = 4): quartz 35.8 ± 1.8, 
K-feldspar 11.5 ± 5.7, plagioclase 45.5 ± 9.2, biotite 4.4 ± 2.7, 
muscovite 1.0 ± 0.5 (vol. %).The rocks have sometimes slightly, 
or even evidently oriented structure.

3 -  The Lubina type has been found only sporadically. It is 
a coarse-grained granite with 1-2 cm long pink K-feldspar phe

nocrysts, optically orthoclase-perthite, with strongly sericitized 
plagioclase, clearly undulose quartz and chloritized biotite. The 
rock bears signs of tectonic reworking.

Analytical methods

Major elements in the form of axids (SÍO2 to H2O") have been 
determined in a part of the samples by wet silicate analysis (analyst 
E.Wtlzel, analytical conditions see in Cambel & Walzel 1982).

The second part of the samples has been analysed by X-ray 
fluorescence method (analyst B.Tbman) on the X-ray spectro
meter Philips PW 1410/20 with Rh-anode. For the determina
tion of Si, Al, Mg and Na, LiF 200 and T1AP dispersion crystals 
were used, for Fe and Mn a scintillation detector, for Ti, Ca and 
К a gas proportional detector with Ar/CPL = 90/10 filling. The 
samples were prepared into the form of a LÍ2B4O7 solid solution 
melted at the temperature of 1050 °C. As comparative materials, 
the standards of ZGI Berlin were used: granite GM and basalt 
BM, as well as their mixtures. For the calculation of concentra
tions, a linear calibration modes was used.

In 3 samples, Nb was determined by the XRF method on 
the X-ray spectrometer Philips PW 1410 (analyst Janáčková, 
UNIGEO Brno).

Trace elements Sr, Ba, B, Be, Sn, Ga, Sc, Y, Zr, Mo, Cu, Ni, Cr 
and V were determined by the optical emission spectrography 
method - OES (analyst Ľ. Puškelová). The samples were diluted by 
a spectrochemical admixture (graphite powder Su-602 with com
parative elements Ge, Pd and Eu) at a ratio of 1:1, the spectra of 
samples were recorded by the grid spectrograph PGS-2 Zeiss 
in UV and visual area, with a 6 A power arch as activating source.

Li, Rb and Zn were determined using atomic absorption 
spectroscopy - AAS (analyst E. Martiny). The spectrometer 
Perkin-Elmer 303 was used, at working conditions analogous 
to those mentioned in Cambel et al. (1983).
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Fig. 2. Mesonormative Q’-ANOR classification (Streckeisen & Le 
Maitre 1979) of granitoid rock pebbles of Pieniny Klippen Belt. afG 
- alkali-feldspar granites, sG - syenogranites, mG - monzogranites, 
GD - granodiorites, T - tonalites, GT - gabbroid tonalites. Upohlav 
type: granites and porphyries (full circles), Krivá type granitic rocks 
(open triangles), Lubina type granite (open square).

Rare earth elements were determined by atomic emission 
spectrometry with induction-coupled plasma - ICP (analysts 
E. Martiny and V. Streško). Samples in the form of solutions 
enriched in R EE were measured on the atomic emission 
spectrometer PLASMAKON S 35 KONTRON in sequential 
arrangement, with a grid of 2400 lines/mm, at the frequency 
of 27.12 MHz, with Ar/Ar plasma with an output of 1.5 kW.

Fluorine was determined using the hydropyrolithic method 
in Pt apparatus, the determination itself was carried out using 
a ion-selective electrode (ISE) on the ION Meter pMX 2000 
manufactured by WTW (analyst V. Chalupský, Geological 
Institute of the AS CR Prague).

In all, 32 samples of acid magmatic rock pebbles were ana
lysed: 22 granitoids, 8 granite porphyries and 2 rhyolites, or 
27 Upohlav type rocks, 4 Krivá type rocks and 1 of the Lubina 
type. All 32 samples were analysed for major elements (wet 
method, or XRF) and OES, 27 samples by AAS, 4 samples 
by ICP (REE analyses), 4 samples on ISE (fluorine) and 
3 samples by X RF (Nb) - Thb. 1.

Major elements and geochemical classification 
of rocks

Due to frequent ambiguous distinguishing between plagioclase 
I and П (albite with An below 05), as well as very fine-grained textures 
in the matrix of granite porhyries of the Upohlav type, in the majority 
of cases it was not possible to classify correctly these rocks by plani
metry. Thus, a suitable way proved to be mesonormative classifica
tion on the basis of chemical composition of the rock (Streckeisen 
& LeMaitre 1979). From Q’-ANOR diagram of the above classifi
cation (Fig. 2) it follows that the analysed granites and granite por
phyries of Upohlav type belong without exception to alkali-feld
spar granites, syenogranites, less monzogranites. Granitoids of 
Krivá type can be classified as monzogranites to granodiorites and 
the Lubina porphyric granite as syenogranite (Fig. 2). However, 
some rocks, evidently due to subsolidus alterations and above all due 
to the presence of secondary calcite veinlets, yield anomalous chemi
cal compositions, leading to negative ANOR values.

From the viewpoint of the major element distribution in acid 
magmatic rocks of Upohlav type, evident are high SÍO2 contents 
(almost always exceeding 70 %, frequently above 73 %), slightly
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Fig. 3. A/NK [molar Al20 3/(Na20  + K20 )]  vs. A/CNK [molar 
А12Оз/(СаО + Na20  + K20)] diagram (Maniar & Piccoli 1989) of 
granitoid rock pebbles of Pieniny Klippen Belt. Granitic rocks: RRG
- rift related, CEUG - continental epeirogenic uplift, POG - post-oro- 
genetic, OP - ocean plagiogranites, IAG - island arc, CAG - continental 
arc, CCG - continental collision, Upohlav type rhyolites (full 
triangles). Other symbols see Fig. 2.

decreased A120 3 contents (in average 13 - 14 %), low MgO 
(below 0.5 %) and CaO (usually below 1.5 %), but slightly in
creased contents of K20  (4 - 5.5 %). The contents of P20 5 are 
also low (below 0.2 %) - Thb. 1. From the position of analyses 
of Upohlav granites and porphyries on the A/NK vs. A/CNK 
diagram (Fig. 3) it follows that they are peraluminous, less me- 
taluminous rocks with a consistent trend approaching post- 
orogenic, or also continental collision granites (POG, or CCG
- Maniar & Piccoli 1989). Two rhyolite analyses extend this trend 
into the peralkaline area, due to very high K20  contents (above 
7 %) and at the same time low A120 3 (below 12 %). The consist
ent trend of Upohlav magmatites is indicated also by the R 1-R2 
diagram (Batchelor & Bowden 1985) - Fig. 4, in which these 
magmatites approach the trend of late orogenic to anorogenic 
granitoids. The post-orogenic trend of Upohlav-type acid 
magmatites is clearly documented also by discrimination diag
rams of Maniar & Piccoli (1989) - Fig. 5, where the above men
tioned two rhyolite samples again diverge from the trend.

Granitic pebbles of Krivá type are characterized as well by 
higher Si02contents (70 - 73 %), in contrast to Upohlav granites 
and porphyries they have significantly higher contents of CaO 
(2 - 3 %), mostly also of MgO, and, on the other hand, the contets 
of K20  are lower (below 3 %) - Táb. 1. The trends in the A/NK 
vs. A/CNK diagram are different as well, Krivá type granitic 
rocks showing the marked peraluminous trend of continental 
collision granites (Fig. 3), as well as in the R1-R2 diagram, 
where increased CaO contents lead to higher R2 parameters, 
analogous to pre-plate collision granites (Fig. 4). In diagrams of 
Maniar & Piccoli (1989) they are mostly situated in the field of 
orogenic IAG+CAG+CCG (Fig. 5).

And, finally, the only pebble of porphyric granite of Lubina type can 
be characterized as syenogranite, analogus to peraluminous continental 
collision granites, or syn-collision or orogenic granites s.l. (Figs. 2-5).



174 UHER et al.

Trace elements

Tlace element contents show still more significant differences 
between the granitoid rock types in PKB flysch pebbles. Upohlav 
type rocks have, in spite of their leucocratic character and higher 
differentiation grade, relatively high contents of some high- 
strength elements, especially Zr, Y, REE and Zn, partly Nb, 
increased are also the ratios 10000xGa/Al and especially Rb/Sr, 
and, on the other hand, conspiciously low are the contents of 
V and especially Sr, partly also of Ba (Iäb. 1). These signs are 
typical of А-type granites, as characterized above all by Whalen 
et al. (1987). The contents of indicative trace elements in rela
tion to the ratio 10000xGa/Al really approach, or are situated in 
the field of typical А-type suites and are as rule different from 
S- and I-type granitoids, into fields of which project the analyses 
of Krivá and Lubina type granitoids (Fig. 6). In the diagrams Nb 
vs. Y, or Rb vs. Y +Nb (Pearce et al. 1984) the Upohlav granites 
project into the field of volcanic arc granites, or also syn-collision 
granites (VAG or syn-COLG), but they are already near the field 
of within-plate granites (WPG) - Fig. 7. The high total REE 
contents, especially those of LREE, with marked negative Eu 
anomalies in the Upohlav granites, strongly remind of nor
malized REE patterns of А-type granites (Collins et al. 1982; 
Whalen et al. 1987; Pe-Piper et al. 1991; Fig. 8).

Discussion

On the basis of a geochemical study of major and trace ele
ments, as well as petrographic signs and the character of ac
cessory zircon (Uher & Marschalko 1993), we can distinguish 
three fundamental genetic types of granitoids rocks s.l. in 
pebbles of Cretaceous to Paleogene PKB flysch:

1 - The Upohlav type comprises the com^gmatic suite granite- 
granite porphyry. The studied rhyolite rocks are similar: they have 
the same zircon typology characteristics (Uher & Marschalko l.c.), 
but also some common geochemical features, especially in
creased alkalinity and contents of Rb, Zr, Y, and, on the other 
hand, low concentrations of Sr, Ba and V. The more significant 
agpaicity (especially К/Al), peralkaline character as well as in
creased MgO contents in both studied rhyolite samples, in con
trast to Upohlav granites and porphyries, can be related to very 
deep, high-temperature conditions of magma origin (probably 
lower crust) and higher P-T conditions than in the case of gener
ation of granite and porphyry magma (probably lower to middle 
part of the crust). Geochemical data on Upohlav type acid mag- 
matites indicate their post-orogenic character and trend similar 
to А-type granites (cf. Pitcher 1983; Whalen et al. 1987; Maniar 
& Piccoli 1989). The structural and petrographic features of the 
röcks (cf. Pitcher I.e.; Bonin 1990), as well as zircon typology 
(cf. Pupin 1988) support the assumption of post-orogenic, 
slightly to medium-alkaline and high-temperature character of 
the Upohlav type granitic rocks and rhyolites.

However, within the group of А-type granites there is a rela
tively wide range of rocks, from low and medium alkaline, 
usually peraluminous biotite granites of late- to post-orogenic 
character, to typical anorogenic alkaline to hyperalkaline gra
nites, monzonites and frequently syenites with alkaline amphi- 
boles and pyroxenes, frequent fayalite, alkaline Zr and Ti silicates 
(e.g. elpidite, vlasovite, eudialite etc.), of metaluminous to peral
kaline character, with enormously increased contents of Zr, Y, 
REE, Nb and F (Whalen et al. I.e.; Bonin 1988, 1990, Černý 
1991 - NYF family). The Upohlav granites, porphyries and

rhyolites, considered within this succession, belong without 
doubt to a weakly developed peraluminous А-type suite, gener
ated in an orogenic belt. In the pebble material from PKB, no 
specimen of a rock with monzonite or syenite composition has 
been foud yet, and the Upohlav type itself is represented only by 
granites and porphyries with biotite, without alkaline amphi- 
boles, pyroxenes, fayalite or alkaline Zr and Ti silicates. Also, the 
increased, but not enormously, concentrations of indicative 
trace elements (Zr, Y, REE, Nb, Ga, F) and the position of 
Upohlav magmatites in discrimination diagrams on the periph
ery of the main А-type granite field (cf. Whalen et al. 1987), or 
only near to but already outside the within-plate granite field (cf. 
Pearce et al. 1984), clearly indicate only moderately developed 
А-type character of these granitoids (Täb. 1, Figs. 6-8).

As far as analogous post-orogenic granitoids are concerned, 
it is assumed that they formed in an extension or tension geotec- 
tonic environment, in a region of deep and large fault systems, 
which could be a manifestation of the compensation of tectonic 
stress and consolidation of a young orogen (cf. Lameyre 1988; 
Bonin 1990). The most typical period for the generation of simi
lar post-orogenic to early anorogenic acid magmatites of A-type 
in Europe was the post-Hercynian stage (Permian to Upper 
Tiiassic) with large occurrences of acid and at the same time 
alkaline rhyolite volcanism and granite plutonism (Bonin I.e.). 
The latest U-Pb isotopic dating of zircons from Upohlav granites 
has shown their early post-Hercynian, Lower Permian age 
(274 ± 13, or 294 ± 21 Ma - Uher & Pushkarev, in press). 
These geochemical and geochronological data are not consistent 
with the so far presented idea of a Jurassic-Cretaceous mag- 
matic suite of island arc-type or of active (Andean) continental 
plate margin, which were based on less reliable analytical and 
geochronological data (scarce trace element analyses, absence 
of accessory mineral studies, К-Ar dating - Chernov 1973; Mars
chalko 1986; Mišík & Marschalko 1988, Birkenmajer 1988). 
However, also the so far available data, especially the petro
graphic characteristics of ’’exotic granites” with high contents of 
K-feldspars, albite and with green biotite, together with in
creased alkali contents (Krivý 1969; Šímová 1985), increased 
contents of Zr, Y and Th or Th/U (Kamenický et al. 1974) fully 
confirm the rather alkaline than calc-alkaline (CA) character of 
Upohlav type exotic granitoids. This slightly to medium alkaline 
post-orogenic geochemical trend is not dominant in subduction 
orogenic regimes, it only accompanies the predominant calc-al
kaline magmatism in back-arc or peripheral regions behind the 
main CA volcanic-plutonic belt, further away from the trench. 
However, in this case, typical CA granodiorites to diorites with 
their (sub)volcanic, especially intermediary members, are mis
sing among the pebbles. The lack of tuffogenic rocks in the 
pebbles has been pointed out already by Mišík & Sýkora (1981), 
and also in the last time found carbonates with tuffitic admixture 
are relatively rare, and they represent basic pyroclastic rocks 
(Mišík et al. 1991a, b). Anyway, the assumed geotectonic envi
ronment in the area of the future PKB and surrounding units, 
mostly with a thin continental, transitional to oceanic crust (cf. 
Rakus et al. 1990) was in the Jurassic to Lower Cretaceous not 
suitable for the generation of post-orogenic granitoid types and 
acid vulcanites. To the contrary, typical of the Mesozoic of the 
Outer and Central Western Carpathians are alkaline, but more 
primitive riftogenic basalts (Hovorka & Spišiak 1988). And, fi
nally, new U-Pb zircon ages are undoubtedly more reliable data 
than the so far available К-Ar data, which, like other where, 
document only of the uplift or cooling ages of already solidified 
magmatic rocks.
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Flg. 4. RI - R2 diagram (Batchelor & Bowden 1985) of granitic rock 
pebbles of Pieniny Klippen Belt. Granitic rocks: 1 - mantle fraction
ates; 2 - pre-plate collision; 3 - post-collisional uplift; 4 -late- 
orogenic; 5 - anorogenic; 6 - syn-collision; 7 - post-orogenic. Other 
symbols see Fig. 2 and 3.

Until recently, no analogues of Upohlav type granitoids have 
been known in the Western Carpathian area, and thus, already 
since Zoubek (1931), they have been classified as "exotic”. How
ever, granitic rocks have been recently identified in the Alpine- 
Carpathian-Pannonian area, which are in many features similar 
to the Upohlav granites. They are leucocratic, often porphyric 
biotite granites, in several cases yielding isotopically determined 
Permian age. Their common geochemical properties are in
creased contents of Si, K, often Zr, Y and REE, low contents of
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Al, Mg, Ca, Sr and V. From the mineralogical viewpoint they 
have typical zircon typology (high I.A, I.T), indicating higher-al
kaline and higher-temperature conditions of origin. From the 
Western Carpathian area, we can classify in this way especially 
the Tbrčok granite in Gemeric Unit (Uher & Gregor 1992), less 
the Hrončok type granite in Veporic Unit (Fig. 1), perhaps also 
the Rochovce granite occurring on the boundary of the above 
units (Határ et al. 1989), if its Permian age should be definitely 
proved (cf. Kovách et al. 1986; vs. Cambel et al. 1989). Sn-bear- 
ing granites of the Spišsko-gemerské rudohorie Mts. (Fig. 1) are 
evidently also of Permian age (ibid), however, they show a num
ber of specific geochemical properties (Thuson et al. 1977). In 
the Pannonian block analogous properties are displayed by the 
Velence Massif in the Hungarian Midmountains (Buda 1969; 
Gbelský & Határ 1982; Uher & Broska in press), also in the 
Eastern Alps by several occurrences in the Thuern window of 
Penninic Unit (Finger et al. 1992). Numerous are the occur
rences of Permian alkaline granites of the so-called Western Me
diterranean province, especially in the region of Corsica and Es- 
terel (Pupin 1988; Bonin 1988,1990).

Although the above mentioned occurrences of Permian post- 
orogenic granites in the broader Middle European area showing 
a slight А-type trend cannot be considered to have been direct 
rock sources for the granite and porphyry pebbles of Upohlav 
type, with some specific structural and geochemical features. On 
the other hand, we suggest the possibility of a more widespread 
occurrence of independent post-Hercynian granite plutonism 
stage in the present Western Carpathian space.
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2 - Granitoids of Krivá type, and 3 - porphyric granite of Lubina 
type can be well correlated, on the basis of geochemical as well as 
mineralogical-petrographical properties, with Hercynian calc-al
kaline intrusions, especially of Carboniferous age, known from cry
stalline complexes of Tätric and Veporic Units in the Central West
ern Carpathians (Cambel & Walzel 1982; Hovorka & Petřík 1992). 
Although only a small number of analyses is available, fundamental 
features of Hercynian orogenic CA granitoids (structural signs, evi
dent peraluminous character, increased contents of Ca in relation 
to К and Na, lower contents of Zr, Y, Rb, Ga), I-S or VAG char
acteristics of these rocks are evident and allow to correlate them 
with granitoids of Tätric and Veporic Units. However, this state
ment again does not mean that the source area of Krivá and Lubina 
type granitoids must have located in the present Central Western 
Carpathian space, since similar types of Hercynian granitic rocks 
are common also in neighbouring regions.

Conclusions

Granitoid rocks s.l., occurring as pebbles in conglomerate 
horizons of Cretaceous to Paleogene flysch of the Pieniny Klip
pen Belt (PKB) can be divided into three genetic groups:

1 - The Upohlav type ("exotic”) is the most common one, they 
are pebbles of leucocratic biotite alkali-feldspar granites, syeno-

granites, less monzogranites, with frequent transitions into gra
nite porphyries. On the basis of similar geochemical features we 
include here also rhyolites. The Upohlav granitoids trend towards 
post-orogenic metaluminous, but especially peraluminous suites 
with slightly increased alkalinity and less developed А-type trend. 
We consider them to be analogues of Permian alkaline magmat- 
ism developed in various regions of the Alpine-Carpathian-Pan- 
nonian and Western Mediterranean area.

2 - The Krivá type consists of pebbles of biotite and two-mica 
monzogranites to granodiorites, with considerably peraluminous 
character and calc-alkaline I-S trend, analogous to Carbonife
rous orogenic granitoids of Tätric and Veporic Units in the West
ern Carpathians.

3 - The Lubina type, found so far only sporadically, is porphyric 
leucocratic biotite syenogranite with peraluminous calc-alkaline 
character and evidently it exhibits some similarity with I-S 
orogenic (Hercynian?) granitoids.
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GEOCHEMICAL CHARACTERIZATION OF GRANITIC ROCK PEBBLES

Tabic I. Chemical compositions of the PKB granitoid pebbles in wt. %. (* Samples contamined due to authigene calcite.)

BP-1 BP-2
UPOHLAV

♦BP-3
TYPE

BP-6.1 BP-6.2 BP-7.1 BP-7.2
»Oz 74.08 73.10 71.70 71.00 71-43 7217 6933
ТЮ2 0.17 0.16 0.18 024 0.36 0.15 027
AI2Q3 13.63 1282 1251 1420 1432 13.36 13.45
Ffelpj 0.82 0.76 0.70 1.18 352 1.92 320
FeO 1.06 1.12 038 152 . _ .
MnO 0.04 0.03 0.03 0.04 0.05 0.04 0.01
MgO 0.14 034 022 054 0.28 036 1.02
CaO 0.67 1.79 320 1.45 1.18 134 0.90
NajO 3.42 3.43 323 350 3.17 3.45 4.44
K2O 4.76 4.65 458 4.43 4.45 5.41 536
P2O5 0.17 0.17 0.18 021 - _ .
НгО+ 0.88 138 236 128 0.95 130 0.90
H2O" 0.12 022 0.16 034 0.18 0.13 021
TOTAL 99.96 99.97 99.93 99.93 9939 100.13 9959

Li 12 26 13 18 16 9 24
Rb 168 141 165 144 134 188 169
Sr 23.0 30.0 49 65 76 40 78
Ba 620 600 540 1120 1430 710 1700
В 6.9 6.9 8.0 25.7 12.1 3.0 5.1
Be 32 3.6 3.1 3.7 33 2 0 3.1
Sn 4.0 4.2 <3.0 8.9 55 <3.0 3.0
Ga 19.8 183 195 24.8 20.4 21.4 19.1
Sc 6.0 5.9 3.9 73 14.1 8.9 162
Y 355 40 23 36 35 14 20
La 58.9 - - - 43.7 _
Ce 118.0 - - - 100.0 _ .
Pr 14.1 - - - 12.6 _ .
Nd 532 - - - 453 _
Sm 10.2 - - - 8.99 _
Eu 0.888 - - - 1.41 _
Gd 8.44 - - - 7.74 _
ЦУ 6.19 - - - 6.34 _
Yb 243 - - - 246 _
Zr 263 234 182 278 330 252 370
Nb 12 - - - _
Pb 22.9 182 275 44.0 21.9 115 9.6
Zn 72 57 58 87 73 50 68
Mo 1.0 1.0 12 1.0 13 < 1.0 < 1.0
Cu <3.0 <3.0 <3.0 10.2 39 <3.0 <3.0
Ni 43 4.9 43 6.1 6.2 3.2 4.7
Co 7.7 <3.0 45 3.4 <3.0 <3.0 45
Cr <3.0 3.3 <3.0 35 <3.0 <3.0 45
V <3.0 <3.0 <3.0 10.5 132 3.2 7.9
F 190 - - - - - -

A.L 0.79 034 032 0.74 0.70 037 0.97
Rb/Sr 7.30 4.70 337 221 1.76 4.70 217
Gą/Al 274 2.77 295 330 269 3.03 268
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BP-12.1 ♦BP-122

UPOHLAV TYPE 

BP-14.1 BP-14.2 BP-143 BP-14.4

SK> 2 7265 6635 7242 74.01 75.65 7334

ТЮ2 0.19 021 0.45 0.14 0.20 0.23

AI2O3 14.03 11.97 14.63 13.78 1326 1335

Fez0 3 1.02 0.99 331 215 135 3.06

FeO 1.17 1.27 - - ■ '

MnO 0.03 0.04 0.03 0.04 0.01 0.04

MgO 0.14 022 0.19 0.09 038 039

CaO 129 5.78 0.61 0.58 0.78 038,

N a P 3.44 3.03 2.71 3.22 215 236

к р 4.84 429 4.63 4.78 4.69 4.79

P2P 5 0.18 0.19 - - - ~

H p + 0.78 5.02 034 0.79 123 1.01

H P " 034 0.06 021 0.11 0.10 0.15

TOTAL 100.10 99.92 100.03 99.69 100.00 99.70

Li 18 11 28 15 13 33

Rb 154 86 131 169 144 183

Sr 36 81 43 17.4 14.1 31.6

Ba 980 930 1480 690 550 650

В 5.0 5.0 30.9 15.1 26.3 10.2

Be 29 3.0 3.8 3.0 33 13

Sn 43 <3.0 5.9 4.7 4.7 <3.0

Ga 19.3 193 183 193 21.4 16.4

Sc 9.1 9.4 133 7.1 63 10.1

Y 29.5 30 353 46 65 40

La 45.9 - 40.0 - - ~

Ce 114.0 - 973 - - -

Pr 13.6 - 123 - - ~

Nd 50.0 - 473 - - -

Sm 9.76 - 9.13 - - ~

Eu 1.12 - 132 - - ~

Gd 7.00 - 6.93 - - -

ЦУ 6.00 - 631 - - ■

Yb 216 - 2.03 - - ~

Zr 410 229 450 282 191 302

Nb - - - - ■
"

Pb 123 3.0 229 20.0 10.1 7.4

Zn 59 21 66 60 67 63

Mo 1.0 1 2 1.2 1.1 1.1 < 1.0

Cu <3.0 <3.0 <3.0 <3.0 <3.0 <3.0

Ni 53 4.1 6.9 62 63 5.4

Co <3.0 <3.0 3.0 293 29.5 <3.0

Cr <3.0 33 <3.0 <3.0 <3.0 <3.0

V <3.0 <3.0 11.0 4.6 73 11.2

F - - ■ _

A.I. 0.78 030 0.65 0.76 0.65 0.69

Rb/Sr 428 1.06 3.04 9.71 10.2 5.79

Gf̂ AI 260 3.08 2.43 267 3.05 229
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BP-145 ♦BP-15
UPOHLAV TYPE 

BP-16 BP-17.1 BP-172 BP-18 BP-19
SIOZ 7458 6533 71.26 71.63 75.11 7293 73.12
ТЮ2 0.13 0.24 0.14 0.14 0.17 0.17 0.15
А^Оз 1354 1296 11.71 13.09 13.04 1159 1355
Fe*0 3 1.44 036 136 1.44 1.66 1.50 1.84
FeO - 1.69 - _ .

MnO 0.02 0.05 0.05 0.05 0.02 0.01 0.02
MgO 0.18 0.37 2.63 030 025 1.56 0.19
CaO 1.01 5.66 0.41 1.69 0.40 0.46 1.07
N820 269 3.35 3.18 434 294 3.02 3.88
k *o 4.93 4.18 736 5.07 536 7.25 4.52
p*o5 - 0.21 - - _ _

H*0 + 139 4.84 132 139 0.79 1.20 1.22
H2O" 0.11 0.26 0.14 0.11 0.12 0.20 0.13
TOTAL 100.02 100.00 100.06 99.75 9936 9939 99.69

U 10 15 26 14 9 28 10
Rb 164 111 231 150 181 263 159
Sr 18.6 135 7.0 57 17.0 25.0 45
Ba 530 1680 30 390 214 174 410
В 224 63 56 9.1 33 115 63
Be 28 26 25 22 1.7 5.7 2 0
Sn <3.0 8.7 <3.0 <3.0 <3.0 63 <3.0
Ga 18.4 17.6 173 20.0 229 295 20.9
Sc 85 102 7.2 55 8.1 4.9 7.9
Y 37 26 35 12 21 35 21
La - - - _ _
Ce - - _ _

Pr - - _ _
Nd - - _ _

Sm - - - _ _

Eu - - - _

Gd - - . _
Dy - - - .
Yb - - - _

Zr 295 316 252 191 190 209 209
Nb - 10 - - _

Pb <3.0 12.6 <3.0 25.1 19.6 155 10.4
Zn 21 64 24 55 51 23 43
Mo < 1.0 1.4 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0
Cu 4.9 38 <3.0 <3.0 <3.0 <3.0 <3.0
Ni 55 8.6 <3.0 32 4.9 3.7 <3.0
Co <3.0 145 <3.0 <3.0 <3.0 3.6 <3.0
Cr <3.0 4.1 3.5 <3.0 <3.0 4.0 <3.0
V 4.0 115 <3.0 <3.0 <3.0 <3.0 33
F - 220 - - - - -

AJ. 0.72 0.77 1.13 1.03 032 1.11 0.83
Rb/Sr 832 0.82 33.0 263 10.6 105 353
GąAI 257 257 237 239 332 4.81 291
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Continuation of lab. 1 .

BP-20 № 31

UPOHLAV TYPE 

BP35 BP-36 BP-37 BP-38 № 39

SK>2 71.60 74.46 72.10 75.09 70.79 7335 7123

ТЮ2 026 0.16 026 0.08 039 0.19 033

А |рз 1432 14.06 1331 13.14 1334 1330 1423

R 2Q3 328 137 229 1.70 234 182 327

FcO - - - - ■

MnO 0.04 0.02 0.04 0.03 0.02 0.03 0.04

MgO 0.60 034 037 035 038 023 0.44

CaO 0.91 0.64 1.45 034 1.15 0.42 122

N ap 290 270 531 3.16 3.65 425 330

к р 4.68 4.97 133 4.67 4.48 4.68 420

P P s - - - . ■ '

н р + 035 0.60 1.% 0.66 132 0.65 0.94

нр_ 028 0.18 0.16 038 037 0.41 037

TOTAL 99.72 100.00 99.78 99.60 99.43 9933 9937

Li 13 10 - - - - -

Rb 180 191 - - - “

Sr 91 25 55 26 59 22 59

Ba 1700 620 178 630 1120 200 550

В 13.0 9.1 <3.0 30 34 36 36

Be 3.4 32 1.7 1.6 1.7 18 2.6

Sn 3.4 3.0 58 <3.0 <3.0 <3.0 <3.0

Ga 19.1 20.0 20.0 14.1 20.4 17.4 Ш2

Sc 16.2 62 143 <3.0 6.9 <3.0 58

Y 40 24 43 17 29 25 29

La - - - ■

Ce - - - ■
Pr - - - ■

Nd - - - ■
Sm - - - ■
Eu - - - ■
Gd - - - ■

РУ - - - ■
Yb - - - ■
Zr 340 224 410 98 339 204 251

Nb - 10 - - - *

Pb 14.1 23.4 <3.0 126 <3.0 18.2 11.0

Zn 58 56 - - - ■

Mo < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0

Cu <3.0 <3.0 <3.0 33 10.7 4.0 42

Ni 5.9 <3.0 5.4 7.6 9.6 9.1 63

Co <3.0 <3.0 <3.0 <3.0 3.4 <3.0 38

Cr <3.0 <3.0 <3.0 - - ■ '

V 7.6 <3.0 8.0 <3.0 14.8 5.9 11.7

F - 210 - - ■

AL 0.69 0.70 0.79 0.78 0.78 089 0.70

Rh/Sr 1.98 7.64 - - - ■

GąAl 252 269 230 203 278 243 242
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Continuation of Tab. 1.

BP-8 BP-iai
KRIVÁ TYPE

№ -102 BP-11
LUBINA TYPE 

BP-13
SK)2 72.99 71.11 70.00 7245 7123
тю2 0.15 0.18 0.30 0.17 031
A12Q3 1336 13.73 14.98 14.04 1431
РегОз 056 054 0.93 0.11 039
FeO 050 0.67 132 0.98 1.43
MnO 0.02 0.03 0.03 0.03 0.04
MgO 055 026 0.83 050 0.78
CaO 1.91 325 3.08 264 0.95
NazO 294 321 3.64 3.60 3.03
k *o 455 425 269 3.11 430

PP5 030 027 0.32 028 030
h *o + 1.71 238 1.86 130 126
Н*0 " 0.12 0.06 0.18 032 0.18
TOTAL 100.16 99.94 100.16 100.03 100.01

U 15 48 20 33 16
Rb 86 85 98 73 146
Sr 155 282 316 186 96
Ba 1070 930 1510 870 465
В 13.0 13.0 11.0 129 6.9
Be 23 3.1 23 3.1 35
Sn <3.0 3.1 <3.0 3.4 7.1
Ga 155 18.0 16.0 18.2 183
Sc <3.0 5.0 3.0 32 6.6
Y 16 12 10 23.5 30
La - - - - -
Ce - - - - -

Pr - - - - .
Nd - - - - -
Sm - - - - -
Eu - - - - -
Gd - - - - .

Dy - - - - -
Yb - - - - -

Zr 102 102 64 79 180
Nb - - - - -

Pb 283 16.4 30.0 229 105
Zn 16 37 26 25 32
Mo 1.1 1.0 1 2 1.0 1.0

Cu <3.0 <3.0 <3.0 <3.0 <3.0
Ni 53 6.2 4.1 65 73
Co 129 105 43 3.4 7.1
Cr 42 7.2 35 5.1 6.6
V 10.0 28.0 12.0 14.6 19.7
F - - 170 - -

A.L 0.70 0.72 0.59 0.66 0.69
Rfa/Sr 055 030 0.31 039 152
GąAI 211 2.48 202 245 2.40
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List of samples.

Sample Locality

BP-1
uG Podbranč, 50 m/350° from el.p. Starý hrad
(455 m above sea level);

BP-2 uG Stupné, 800m/211°fromel.p. Žeravica (530 m);

BP-3 uG Brvnište, 600m/318° from el.p. Žeravica (530 m);

BP-6.1 uP Považský Chlmec, 1300 m/129° from el. p. Hora (626m);

BP-6.2 uGloc. as BP-6.1;

BP-7.1 uG Divinka, 100 m/115° from el.p. Veľkývrch (530 m);

BP-7.2 uG loc.asBP-7.1;

BP-8 kG Zástranie,1500m/322°fromel.p.Straník(769m);

BP-10.1 kG Krivá, 1000 mA 64° from el. p.Vysoký grúň (849m);

BP-10.2 kG loe.as BP-10.1;

BP-11 kG Široká,1700m/284°fromel.p.TUríkov Žiar (851m);

BP-12.1 uG Vrtižer,2200m/287° from el. p. Malý Manin (812m);

BP-12.2 uP loe.as BP-12.1;

BP-13 1G Lubina, 500m/296°fromel.p. Lipovec(585m); 

uG VršatskéPodhradie, 1800 m/160° from el.p. Chmeľová
BP-14.1 (925 m);

BP-14.2 uGloc.asBP-14.1;

BP-14.3 uP loe.as BP-14.1;

BP-14.4 uP loc.asBP-14.1;

BP-14.5 uP loc.asBP-14.1;

BP-15 uG Upohlav,800 m/307° from el.p. Veľký Žiar(474 m);

BP-16
uR Dolný Vadičov, 1600 m/97° from el.p. Kučerovka 
(744 m);

BP-17.1 uG Podbiel,1000m/2° from el.p. Biela skala (750 m);

BP-17.2 uGloc.asBP-17.1;

BP-18 uR Teplička n. V., 2900 m/253° from el .p. Straník (769 m);

BP-19 uG Zádubnie, 1400m (191° from el.p.Brodenec(621 m);

BP-20 uG Beňov, 1200 m/86° from el.p. Dúbrava (497 m);

BP-31 uG Cetuna, 700 mA40° from el.p. Lipovec (585 m);

BP-35 uG Nimnica,600 m/212° from el.p.Holíš (583m);

BP-36
uP Považské Podhradie, 300 m/86° from el.p. Vysoké
(575 m);

BP-37 uP Proč,900m/1330 from el.p. Haľagoš (642m);

BP-38 uG Prosačov, 2100 m/194° from el .p. Havraniv. (419 m);

BP-39 uP Inovce, 1000m/280° from el.p. Hôrka (661 m).

Note: u- Upohlav type, k-Krivá type, 1-Lubina type, G-granite,
granodiorite, P- granite porphyry, R-rhyolite.
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