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Monazite-(Ce) is a widespread accessory mineral in granitic cobbles of the Kriva type (Zastranie and Kriva localities) in
polymict conglomerates of Cretaceous flysch sequences, the Pieniny Klippen Belt, Western Carpathians, NW Slovakia. The
granites show leucocratic muscovite-biotite granodiorite composition and peraluminous calc-alkaline, S-type character. The
monazite contains unusually high U, commonly 1 to 3, and in some places up to 6.6 wt.% UO,, together with 5 to 7.7 wt.%
ThO,. A cheralite-type substitution [Ca(U,Th)REE_;] is the dominant mechanism of U* + Th* incorporation into the
monazite structure in the Zastranie sample, whereas both cheralite- and huttonite-type substitution [(Th,U)SIREE_{P_4] are
evident in the Kriva granitic cobble. Uranium alone prefers the CaU**(REE)_, mechanism, whereas Th favours the huttonite
substitution. The chemical U-Th-Pb dating of monazite from both granitic cobbles show an Early Carboniferous age (346 +
2 Ma), which is consistent with the main meso-Variscan, orogen-related plutonic activity in the Central Carpathian area
(Tatric and Veporic superunits). Analogous U-rich monazites were detected in some Variscan S-type leucogranites of the
Rimavica massif (South Veporic Unit) and the Bojna and Bratislava massifs (northern part of the Tatric Unit). On the basis of
structural and palaeogeographic data, the North Tatric Zone is the most plausible source of the monazite-bearing granitic
boulders in the Pieniny Klippen Belt. However, the source granitic body was most likely hidden by ensuing tectonic shorten-
ing along the northern Tatric edge after deposition of the Coniacian—Santonian Upohlav type conglomerates.
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INTRODUCTION

Granitic clasts are characteristic rocks in polymict conglom-
erate beds in Cretaceous flysch sequences of the Kysuce,
Klape and Manin units in the Western Carpathian Pieniny
Klippen Belt (PKB). In addition to dominant carbonates and
acid to basic volcanic rocks, intrusive rocks (mainly granites)
compose 0.4 to 13 vol.% of the total clasts in PKB conglomer-
ates (Marschalko, 1986). Two basic types of granitic clasts from
pebble and cobble to boulder size have been distinguished in
the PKB since early studies. These are the “Tatry-like” and “ex-
otic” types (Zoubek, 1931; Andrusov, 1938). The first type
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shows petrographic and geochemical similarities to common
Variscan (Carboniferous) granitic rocks of the Tatric and
Veporic superunits of the Central Western Carpathians, while
the second group contains granitic rocks “exotic” for the West
Carpathian basement (Wieser, 1958; Krivy, 1969; Kamenicky
et al., 1974; Simova, 1985; Birkenmajer and Skupinski, 1989).
Detailed mineralogical, geochemical and geo-chronological
studies of the “exotic”, Upohlav type granitic rocks reveal their
post-orogenic, A-type affinity and Permian age, whereas the
“Tatry-like* (Kriva and Lubina types) magmatites show calc-al-
kaline and orogen-related I/S-type trend, comparable with other
West Carpathian Variscan (Carboniferous) suites (Uher and
Marschalko, 1993; Uher et al., 1994; Uher and Pushkarev,
1994). Trace-element geochemistry, accessory minerals and
zircon isotopic U-Pb dating indicate the similarities between the
“exotic” Upohlav type granitic clasts and especially the Turéok
A-type granite in the Gemeric Superunit (Uher and Broska,
1996; Broska and Uher, 2001; Radvanec et al., 2009).
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On the other hand, there is only restricted data concerning
the Kriva (“Tatry-like”) type granitic boulders of the PKB. Prelim-
inary electron-microprobe U-Th-Pb dating of monazite from
one Kriva type granite clast supports their Variscan and Car-
boniferous age (Finger et al., 2003). Our recent microprobe dat-
ing and analyses of monazite in these granites initiated the
more detailed research presented in this paper. The aims of our
study include (1) more precise age determination of the Kriva
type granitic clasts, (2) the characterization and significance of
uranium-rich monazite in studied granitic rocks, and (3) discus-
sion of the possible source area of the Kriva type granitic clasts
in the PKB Cretaceous flysch, based on older and new results.

REGIONAL GEOLOGY AND LOCATION
OF SAMPLES

The studied granitic boulders were collected from the
Upohlav type conglomerate beds of the Coniacian—Santonian
Sromowce Formation in the Kysuca-Pieniny and/or Klape Unit
of the Pieniny Klippen Belt in northwestern Slovakia. The Upo-
hlav polymict conglomerates occur in several stratigraphic hori-
zons. They form stratiform bodies usually 3 to 20 m thick, inter-
calating with polycyclic sandstone and mudstone beds as parts
of deep-marine flysch turbidite sequences (e.g., Marschalko,
1986; Starek et al., 2010).

Palaeontological and stratigraphical evidence indicate Cre-
taceous, Albian to Maastrichtian age of the Upohlav conglomer-
ate beds in the western Slovak segment of the Pieniny Klippen
Belt (Marschalko, 1986; Misik and Marschalko, 1988).

Two typical conglomerate occurrences containing the Kriva
type granite clasts (mainly of cobble size) were selected for our
research: Zastranie and Kriva (Fig. 1). The Zastranie locality
(BP-8 sample) exhibits conglomerate outcrops near Zastranie
village, in the vicinity of the town of Zilina, approximately
1500 m/322° from elevation point Stranik (769 m a.s.l.). The
Kriva locality (BP-10 sample) is a large conglomerate outcrop in
the Orava Valley, between the Kriva and DIha nad Oravou set-
tlements, approximately 1000 m/164° from the elevation point
Vysoky grun (849 m a.s.l.). Detailed investigation indicated
Turonian to Coniacian age for the Kriva (Klape Unit) and
Coniacian age for the Zastranie (Pieniny Unit) conglomerate
beds (Marschalko, 1986).

ANALYTICAL METHODS

Rock-forming minerals of the granitic cobbles were studied
in polished thin sections. Standard modal analysis was counted
on the basis of approximately 3,000 points for both samples.

The monazite internal texture, chemical composition and
age were investigated by electron microprobe in polished thin
sections using a Cameca SX100 electron microprobe at the
Dionyz Stur State Geological Institute, Bratislava. Monazite
dating needs specific measuring conditions as required in trace
element dating. These include high sample current and a long
counting period. The sample current of 180 nA and counting
times of 300 s for Pb, 80 s for U and 35 s for Th were used for
more accurate measurement. The accelerating voltage of
15 kV was preferred to 20 kV, as it provides better spatial reso-
lution, it is less harmful in surface damage and it reduces PAP
matrix correction factors. Large crystals (LPET and LLIF) were
used, as these are several times more sensitive than conven-
tional ones. Elements were measured as follows: As, Si, Al

were measured with TAP: P, Pb, Th, U, Y, S, Ca, Sr with LPET
and REE and Y with LLIF crystal. The following standards and
spectral lines were used: barite (SKa), apatite (PKa)), GaAs
(AsLa), wollastonite (SiKo, CaKa), zircon (ZrLo), ThO,
(ThMa), UO, (UMB), Al,O5 (AlKa), YPO4 (YLa), LaPOy4 (Lala),
CePOQO, (CeLa), PrPOy4 (PrLot), NdPO4 (NALB), SmPO,4 (SmLP),
EuPO, (EuLB), GdPO, (GdLa), TbPO,4 (TbLc), DyPO4 (DyLo),
HoPO,4 (HoLB), ErPOy4 (ErLB), TmPO,4 (TmLa), YbPO,4 (YbLa),
LuPQO, (LuLpB), fayalite (FeKa), SrTiO3 (SrLa), barite (BaLa),
and PbCO; (PbMa.). Special care was taken to ensure that line
overlaps were properly corrected and that background posi-
tions were clear of interfering lines among the REE. We used
empirically determined correction factors applied to the follow-
ing line overlaps: Th — U, Dy — Eu, Gd — Ho, La — Gd, Ce —
Gd, Eu— Er, Gd — Er, Sm — Tm, Dy — Lu, Ho — Lu, Yb — Lu,
and Dy — As (Konecny et al., 2004). The matrix effects were
corrected by the PAP procedure. The resultant age was calcu-
lated using the mathematical model proposed by Montel et al.
(1996). The resultant age is the weighted average of a group of
apparent ages (from point analysis). Analyses acquired during
the monazite dating procedure involve a complete set of ele-
ments usable for study of exchange substitution reactions in
monazite. Analyses with non-dating procedure were added to
expand the dataset. These were analysed under the measure-
ment conditions of 15 kV, 40 nA and 5-10 um beam diameter,
and the counting time varied from 20 to 120 s depending on the
sensitivity of the given analytical line.

The accuracy of HREE (especially Ho to Lu) present in
monazite at low concentrations (generally <0.5 wt.% HREE,O3)
is lower than desired, and the geological interpretation of such
values can be ambiguous. The detection limit for LREE is
0.09-0.12 wt.%, HREE (Dy to Lu) 0.15-0.19 wt.%, and for other
elements it is less than 0.09 wt.%.

RESULTS

CHARACTERIZATION OF GRANITIC CLASTS

Both studied cobbles (approximately 10 cm in size) repre-
sent equigranular to slightly porphyric, medium-grained granitic
rocks without preferential mineral orientation or schistose struc-
ture. Anhedral quartz shows distinct undulatory extinction.
Subhedral to euhedral plagioclase commonly occurs in the cen-
tral parts of larger interstitial perthitic K-feldspar. Plagioclase is
slightly altered by fine-crystalline white mica aggregates
(sericitization). Subhedral to anhedral biotite is commonly al-
tered to chlorite. In some places, muscovite replaced biotite or
plagioclase, while thin veinlets (<0.1 mm) of secondary calcite
cut the rock-forming minerals in others. Apatite, rutile, zircon
and garnet were identified as accessory minerals.

1. The Zastranie sample (BP-8) is classified as biotite
leucogranodiorite. In vol.% it contains: 37.1 — quartz,
43.9 — plagioclase, 14.9 — K-feldspar, 3.5 — biotite (+
chlorite), 0.5 — muscovite and 0.1 — accessory minerals.
2. The Kriva sample (BP-10) is two-mica granodiorite. In
vol.% it contains: 33.5 — quartz, 48.0 — plagioclase, 9.5 —
K-feldspar, 7.6 — biotite (+ chlorite), 1.3 — muscovite and
0.1 — accessory minerals.

The chemical composition of both granitic rocks (BP-8 and
BP-10.1; Uher et al., 1994) and also the zircon typological and
compositional study (Uher and Marschalko, 1993) indicate their
peraluminous, calc-alkaline and orogen-related character with
S-type tendency.
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MONAZITE PROPERTIES
AND ASSOCIATED MINERALS

Monazite-(Ce) is a characteristic accessory mineral in both
investigated granite samples. It usually forms euhedral to sub-
hedral crystals (approximately 15 to 200 um across), in associ-
ation with plagioclase, quartz, biotite, muscovite, apatite, zir-
con, xenotime-(Y), ThSiO4-phase and pyrite (Fig. 2). Under
back-scattered electron mode (BSE), monazite crystals reveal
relatively homogeneous internal texture and occasionally they
display regular or irregular slightly brighter rim zones. Primary
magmatic inclusions of zircon and xenotime-(Y) in monazite-
(Ce) were detected (Fig. 2B, D). Some monazite crystals show
alteration phenomena (Fig. 2A, C). This is most likely due to
their subsolidus partial dissolution and reprecipitation; with per-
forated internal texture, irregular rims, secondary anhedral in-
clusions of ThSiO4-phase (thorite or huttonite), uraninite, apa-
tite or pyrite, and in some places there are overgrowths of
TiO,-phase (secondary rutile, anatase or brookite?), apatite,
chlorite, and muscovite.

MONAZITE COMPOSITION
AND DATING

Electron-microprobe analyses (n = 64) show monazite-(Ce)
compositions, where ce*is a distinctly dominant REE cation
and Ce>La,Nd>Pr>Sm distribution of the REE's occurs (Ap-

pendix 1*). The most characteristic feature of the monazite-(Ce)
from the both granitic cobbles (especially from Zastranie) is an
unusually high uranium content in majority of monazite crystals,
commonly 1 to 3, and in some places up to 6.6 wt.% UO; (up to
0.06 apfu U), together with 5 to 7.7 wt.% ThO, (up to 0.07 apfu
Th). The U-rich monazite crystals are relatively homogeneous,
with high U content detected in the entire crystal. In contrast,
U-poor monazite crystals (<1 wt.% UO,) were also detected in
both investigated samples (Appendix 1, analyses A31, A3, and
A27). These U-poor monazites commonly show subsolidus al-
teration and breakdown coronae with secondary apatite and
rutile. Compositional variations of the main elements in
monazite (P, Si, Th, U, REE, Ca) indicate a cheralite-type,
Ca+(U,Th) = 2REE substitution as the dominant incorporation
mechanism of U*" into the monazite structure in the Zastranie
sample (BP-8), whereas both cheralite and huttonite type sub-
stitutions [(Th,U)+Si = REE+P] are evident in the Kriva (BP-10)
granitic clast (Fig. 3A). Moreover, the U and Th concentrations
in both samples exhibit no mutual correlation (Fig. 3B), thus in-
dicating their different geochemical behaviour. Uranium evi-
dentI)/ prefers couple-substitution with calcium in a
CaU""(REE)_, mechanism, whereas Th inclines rather towards
the Th*'Si(REE)_P_; trend (Fig. 3C—F). Two parallel Si vs. Th
trends indicate two different monazite compositions:

— Si-rich with dominant huttonite;

— Si-poor with mixed cheralite-huttonite substitution, espe-

cially in the Kriva sample (Fig. 3F).

Fig. 2A-D — BSE photomicrographs of monazite-(Ce) and associated rock-forming
and accessory minerals in Zastranie (BP-8) and Kriva (BP-10) granitic clasts

Ab — albite, Ap — apatite, Bt — biotite, Mnz — monazite, Ms — muscovite, Qtz — quartz,
Pl — plagioclase, Py — pyrite, Th — ThSiO4 phase, Xnt — xenotime, Zrn — zircon

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1089
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Concentrations of Pb (~0.1 to 0.4 wt.% PbO) are propor-
tional to Th+U, and this indicates the radiogenic origin of lead
(Appendix 1). The contents of other measured elements includ-
ing S, As, Fe, heavy REE’s, Sr and Ba are negligible in both
samples.

The calculated electron-microprobe (chemical) U-Th-Pb mo-
nazite dating for the studied samples gave very similar Variscan
ages: 348 + 2 Ma (n = 25) for Zastranie, and 338 + 4 Ma (n = 22)
for the Kriva granite boulder. Therefore, we used all analytical
data in a unified isochron for both monazite samples with the re-
sultant age of 346 + 2 Ma (n =47, MSWD = 2.83; Fig. 4). This rel-
atively high analytical precision of dating is partly due to elevated
contents of U in monazite, because the contribution of U to the
radiogenic Pb is a few times higher than that of Th.

DISCUSSION

URANIUM-RICH MONAZITE

Natural monazite-(Ce) usually contains Th*", a cation that
partly replaces REE's by two basic heterovalent isomorphic
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Fig. 4A, B —results of chemical U-Th-Pb dating of monazite-(Ce)
from Zastranie (BP-8) and Kriva (BP-10) granitic clasts:
monazite age histogram (A) and Pb vs. Th* (wt.%) age monazite
isochron diagram (B)

Th* =Th + 3.15*U (Nagy et al., 2002)

mechanisms: (1) ThSIREE_{P_; (huttonite-type substitution),
and (2) CaThREE_; (cheralite-type substitution). Therefore, the
Th content in monazites commonly reaches up to 30 wt.%
ThO,, and monazite-huttonite and monazite-cheralite solid so-
lutions have been commonly described in granitic monazites
(e.g., Bea, 1996; Forster, 1998, 2006; Williams et al., 2007).
Both substitutions are possible due to the similarity of cation ra-
dii and other geochemical properties of Th** and light REE**
(mainly La*" and Ce*"). The monoclinic monazite-type structure
with dominant large light REE’s (La®" to Sm®") in nine-fold coor-
dination and effective ionic radii of 1.13 to 1.22 x 107" m (Shan-
non, 1976), prefers larger [9]Th** (1.09 x 107" m), than smaller
[9]U* (1.05 x 107" m). On the other hand, tetragonal xeno-
time-(Y) and zircon prefer the entry of heavy REE’s and U** with
smaller ionic diameters rather than the larger Th** cation. Con-
sequently, U-rich monazite (UO, > 1 wt.%) is relatively rare in
natural occurrences. The highest U contents in monazite have
been described from granitic pegmatites of the lItalian Alps,
where UO, occasionally reached 12 to 16 wt.% (Gramaccioli
and Segalstad, 1978; Mannucci et al., 1986), and also from
some granitic rocks (3 to 14 wt.% UO,; Gulson and Krogh,
1973; Bea, 1996; Forster, 1998; Appel etal., 2011). The entry of
U* into the monazite structure is compensated mainly by Ca®*
via CaUREE_, substitution; and the ThSIREE_;P_; mechanism
is negligible (Gramaccioli and Segalstad, 1978; Manucci et al.,
1986; Bea, 1996; Forster, 1998; Appel et al., 2011). The pres-
ence of CagsUysPO,4 compound in natural monazites is sup-
ported by experimental synthesis of their monoclinic,
monazite-structure end-member analogue (Dusasoy et al.,
1996; Bregiroux et al., 2007). However, the origin of such a high
content of uranium in natural monazite is still unclear. Here,
specific enrichment by uranium or increased U/Th ratio in pa-
rental magma can possibly be assumed.

POSSIBLE SOURCES OF U-RICH MONAZITES FROM
THE PIENINY KLIPPEN BELT GRANITIC CLASTS

In addition to the granites, various other clasts of problem-
atic provenance have been recognized in the Upohlav type con-
glomerates. These include the Triassic pelagic limestones, Up-
per Jurassic platform limestones, Urgonian limestones with ser-
pentinite fragments and Cr-rich spinel and glaucophane grains,
Upper Jurassic blueschists and large amounts of basic, inter-
mediate and acid volcanic rocks (for comprehensive reviews of
the clasts composition see Misik and Marschalko, 1988;
Birkenmajer, 1988; Marschalko and Rakus, 1997; Misik and
Rehakova, 2004). There have been several attempts to identify
the source areas of this variable conglomerate material. At the
beginning of a systematic study of the PKB structure in western
Slovakia, Andrusov (1931, 1938) considered the conglomer-
ates to be transgressive and the rock clasts to be derived from
the original substratum of the PKB “Pienidic” units. Later on,
when the intra-formational character of the conglomerates and
their close relationship to synorogenic flysch deposits became
clear, the concept of an “exotic cordillera” (Ultrapienidic or
Andrusov Ridge) was formulated, and this was maintained for
the entire second half of the last century (e.g., Andrusov, 1968,
1974; Misik and Sykora, 1981; Birkenmajer, 1986, 1988; Misik
etal., 1991). There have been several concepts of the nature of
this ridge: as an elevated imbricated zone in front of the Central
Carpathian nappes (Andrusov, 1974), an accretionary complex
bearing obducted ophiolites (Misik, 1978; Misik and
Marschalko, 1988), tectonic slivers within a large-scale trans-
form zone (Marschalko, 1986; Rakus and Marschalko, 1997), a
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Lower Cretaceous magmatic arc in an active margin setting
(Marschalko, 1986; Birkenmajer, 1988), and Meliata-related
suture complexes in the Inner Carpathian zones (Plasienka,
1995a, 2012; Kissova et al., 2005).

Similar to the situation in other exotic clasts, a direct source
of the majority of granitic material in the Upohlav conglomerates
is unknown or questionable; at least at the present erosional
surface. In general, granitic material occurs in several strati-
graphic levels of exotic conglomerates; namely in mid-Creta-
ceous (Albian—Cenomanian), Upper Cretaceous (Conia-
cian—Santonian), and in Maastrichtian—Eocene flysch se-
quences. Concerning the true “exotic” material, encompassing
Permian A-type granites (Uher and Marschalko, 1993; Uher
and Pushkarev, 1994; Uher et al., 1994), these are present in
all three stratigraphic levels. Based on zircon fission-track dat-
ing, Kissova et al. (2005) proposed their derivation from a con-
temporaneous, actively deforming and exhuming mountainous
region in the southern Central Carpathian zones in mid-Creta-
ceous times, while the younger occurrences represent clasts
recycled from the original Albian—-Cenomanian conglomerates.
However, the Kriva type granitic rocks of presumably Tatric or
Veporic provenance are only known from the second,
Coniacian to Santonian conglomerates. Therefore, their deriva-
tion from sources distinct to those of the Permian A-type gran-
ites must be considered.

Possible Central Carpathian provenance of the “non-exotic”
Kriva type granitic clasts is tested by the following comparison.
A systematic compositional study of monazites from the West
Carpathian Variscan granitic and pegmatitic rocks (unpublished
material of the authors) reveals their generally low concentra-
tions of U (usually 0.1 to 0.3 wt.% UO,). However, monazite
from leucogranites and aplites of the Rimavica Massif (south-
ern part of the Veporic Superunit), especially from the Sinec
body, contained 3 to 8 wt.% UO, in some places. Moreover, 1 to
3.7 wt.% UO, was rarely detected in monazite from granites of
the Bojna Massif (Povazsky Inovec Mts.) and the Bratislava
Massif (Malé Karpaty Mts.), both in the North Tatric Zone. All
known occurrences of U-rich monazite in the West Carpathian
granitic rocks (Rimavica, Bojna and Bratislava massifs) show
similar geochemical features to the Kriva granitic clasts, espe-
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cially S-type affinity and analogous ~350 Ma age (e.g., Broska
and Uher, 2001; Finger et al., 2003; Kohut et al., 2009).

Two possible sources of the examined Kriva type granitic
cobbles are now discussed. The first possibility is the South
Veporic Rimavica Massif. The Cretaceous tectonic evolution of
the Veporic Superunit was recently reconstructed by Janak et
al. (2001) and Jefabek et al. (2012). Accordingly, the Southern
Veporic zones experienced uplift and exhumation in the latest
Cretaceous times, i.e. the Rimavica Massif might have been al-
ready exhumed and was theoretically able to provide clasts for
the Coniacian to Santonian deposits, notwithstanding that pub-
lished cooling ages (e.g., Putis et al., 2009 and references
therein) do not support this possibility. On the other hand, there
are several objections that cast doubt on this supposition. First
of all, the Southern Veporic domain is composed of a great vari-
ety of rocks in addition to the granitic rocks. These include base-
ment amphibolites, gneisses and micaschists and also various
metamorphosed sedimentary cover rocks (Permian and Trias-
sic sandstones and carbonates). However, there is no clast of
this provenance recognized in the Upohlav conglomerates.
Moreover, there are no clasts of Veporic origin in the Senonian
conglomerates of the Gosau Group which were deposited just
nearby the exhuming Veporic dome (e.g., Hovorka et al., 1990).
Another problem concerns the distance between the possible
sources and the actual position of the conglomerates. This is
approximately 100 km, and no traces of transport possibilities
are recognizable at the present erosional surface (cf. Fig. 5).

The second option is the Bojna and/or Bratislava Massif or
similar source located at the outer Tatric margin, and therefore
in the proximity of the PKB. This possibility seems more viable
for palaeotectonic reasons. The northern Tatric margin experi-
enced shortening and imbrication during the Late Cretaceous
(Plasienka, 1995b; Putis et al., 2009). Coniacian-Santonian
conglomerates of the Belice Unit of presumed South Penninic-
Vahic affiliation contain, in addition to various Mesozoic carbon-
ates, also pebbles of aplitic granites and especially micaschists
derived from the overriding Tatric Inovec Nappe (Plasienka et
al., 1994). It may be inferred that a similar tectonic situation oc-
curred in those parts of the Coniacian—Santonian Upohlav con-
glomerates which were located nearby sources of the Kriva
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Fig. 5. Conceptual palaeotectonic cross-section through the Western Carpathians at approximately
the Coniacian/Santonian boundary (ca. 85 Ma)

The section shows active basins of this age (dotted areas) in front of the Tatric sheet, filled with conglomerates containing granitic clasts ana-
lysed in this work. Note that coeval conglomerates deposited in Gosau-type basins adjacent to the Meliatic suture in the southern Carpathian
zones do not contain any material derived from possible Veporic sources, but are dominated by Meliatic ophiolitic detritus. Estimated posi-
tion of the possible sources discussed in the text is indicated by BM (Bojna and Bratislava massifs) and RM (Rimavica Massif)
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type granitic rocks in the Tatric basement (Fig. 5). During sub-
sequent shortening, these sources could have been hidden by
overthrusting of the higher Tatric nappes, including the Bojna
and Bratislava basement units.

CONCLUSIONS

Study of accessory monazite-(Ce) in granitic cobbles from
the Kriva type (Zastranie and Kriva localities) polymict conglom-
erates of Cretaceous flysch sequences in the Pieniny Klippen
Belt reveal their specific chemical composition and age. The
most characteristic feature of the studied monazite is its high
uranium content which is up to 6.6 wt.% UO, in some places
(<0.06 apfu U), together with an elevated Th concentration. The
actinide elements (U+Th) are incorporated together in the
monazite structure through both cheralite- and huttonite-type
substitutions. However, while uranium distinctly prefers the
cheralite-type, CaU**(REE)_, substitution mechanism, Th in-
clines rather towards the huttonite-type, Th*'Si(REE)_,P_,
trend. Unlike the commonly high Th concentrations, high U en-
richment is normally scarce in natural monazite. It has been re-
ported rarely from some granitic rocks and pegmatites (e.g.,
Gramaccioli and Segalstad, 1978; Manucci et al., 1986; Bea,
1996; Forster, 1998; Appel et al., 2011). The origin of such
noteworthy U enrichment in monazite remains unresolved; high

localized uranium content or an increased U/Th ratio in parental
granitic magma could have important roles.

The chemical U-Th-Pb dating of monazite from both granitic
samples gave a Variscan, Early Carboniferous age (346 *
2 Ma). This result concurs with a main meso-Variscan, orogen-
related granitic plutonic event in the Central Carpathian area
(Tatric and Veporic Superunits). Uranium-rich monazite-(Ce)
has only rarely been identified in the Central Carpathian, Varis-
can S-type granitic rocks; namely in some leucogranites of the
Rimavica Massif (South Veporic Unit) and granites of the Bojna
and Bratislava massif (northern part of the Tatric Unit). Based
on recent structural and paleogeographic data, the North Tatric
Zone is the most likely source of the monazite-bearing granitic
clasts of the Kriva type in the Cretaceous conglomerate beds of
the Pieniny Klippen Belt. However, the direct parental granitic
body was most likely hidden by ensuing tectonic shortening
along the northern Tatric edge after deposition of the Conia-
cian—Santonian conglomerates.
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