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Zr-REE-Nb mineralization in metatrachydacites of the Rakovec group
(Gemeric Superunit, Western Carpathians, Slovakia): A product of  inter-
action between host-rock and F-, CO2-rich fluids

Zr-SEE-Nb Mineralisation in Metatrachydaziten der Rakovec Gruppe
(Gemerikum, West-Karpaten, Slovakei): Ein Produkt der Wechselwirkung von
Nebengestein mit F- und CO2-reichen Fluiden

Zr-REE-Nb mineralizácia v metatrachydacitoch pri Hnilcíku, Gemerikum,
Západné Karpaty: produkt interakcie medzi materskou horninou a fluidami
obohatenými F a CO2
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Abstract

The occurrence of rare-element mineralizations in the Devonian to Lower Carboniferous K-feldspar-albite-quartz metatrachydacite
of the Rakovec Group near Hnilcík (Gemeric Superunit, Central Western Carpathians, eastern Slovakia) is described. The
metatrachydacite shows A/CNK = 1.06–1.13, elevated contents of Zr (2200–2700 ppm), Hf (50–70 ppm), Nb (460–640 ppm), Ta
(30–40 ppm), REE (e.g., 350–470 ppm Ce, 230–270 ppm Y), Ga, Sn, W, Th, U but low contents of Sr, Ba, Sc and V; enhanced Rb/
Sr, Ga/Al but moderate Nb/Ta, Zr/Hf and Th/U ratios. Iron-rich muscovite (7–12 wt. % FeO) and nearly end-member magnetite
are widespread phases. Locally, quartz, calcite and violet fluorite in thin veinlets was detected. Zircon, bastnäsite-(Ce), synchysite-
(Ce) and yttrobetafite-(Y) (?) are the main rare-element minerals; they form very fine grains (<25 μm), impregnations and irregular
veinlet fillings. Zircon shows low total, Ti, Y and P enrichment and a Zr/Hf ratio of 33.8. Bastnäsite and synchysite exhibit
Ce>La>Nd>Pr and F/(F +OH) ratio of 0.76–0.93 and of 0.51–0.81 respectively. The A-site vacant member of the pyrochlore
group is close to yttrobetafite-(Y) composition with distinct dominancy of Ta/(Ta + Nb) = 0.03, Y >> REE, elevated Fe, Mn and Th
and low analytical totals (~90 wt. %). The rare-element mineralization is probably the product of an interaction between (F, CO2)-
rich fluids derivated probably during the Alpine (Cretaceous) tectono-metamorphic overprint and the host metatrachydacitic rock
rich in the rare lithophile elements.

Zusammenfassung

Es wird das Vorkommen von Seltenelement Mineralisationen in devonisch- bis unterkarbonischen K-Feldspat-Albit-Quarz-
Metatrachydaziten der Rakovec Gruppe, (Hnilcík) (Gemerikum, Zentrale West Karpaten, Ostslovakei) beschrieben. Die Meta-
trachydazite zeigen A/CNK=1.06–1.13, erhöhte Gehalte von Zr (2200–2700 ppm), Hf (50–70 ppm), Nb (460–640 ppm), Ta (30–
40 ppm), SEE (z. B., 350–470 ppm Ce, 230–270 ppm Y) Ga, Sn, W, Th, U aber niedrige Gehalten von Sr, Ba, Sc and V; erhöhte Rb/
Sr, Ga/Al und moderate Nb/Ta, Zr/Hf und Th/U Verhältnisse. Eisen-reicher Muskovit (7–12 Gew.% FeO) und stöichiometrischer
Magnetit sind weitverbreitete Phasen. Quarz, Kalzit, violetter Flussspat wurden in schmalen Gangtrümern entdeckt. Die Selten-
element Hauptminerale sind Zirkon, Ce-Bastnäsit, Ce-Synchesit und Yttrobetafit-(Y) (?). Sie bilden das Feinkorn (<25 μm), Impräg-
nationen und irreguläre Gangtrumfüllungen. Zirkon zeigt geringe Ti, Y, und P Anreicherungen and hat ein Zr/Hf Verhältnis von
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33.8. Bastnäsit und Synchesit zeigen Ce>La>Nd>Pr und F/(F+OH) Verhältnisse von 0.76–0.93. und 0.51–0.81. Das auf A Posi-
tion unbesetzte Glied der Pyrochlor Gruppe entspricht der Zusammensetzung nach Yttrobetafit-(Y) mit hervortretender Domi-
nanz von Ta/(Ta+Nb)=0.3, Y>>SEE, erhöhten Fe, Mn, und Th und niedrigen analytischen Gesamtgehalten (~90 Gew%). Die
Seltenelement Mineralisation ist wahrscheinlich das Produkt der Wechselwirkung von F-CO2 reichen Fluiden, vermutlich während
der Alpinen tektometamorphen Überprägung (Kreide), und den an seltenen lithophilen Elementen reichen Metatrachydaziten.

Abstrakt

Akcesorická vzácnoprvková Zr-REE-Nb mineralizácia sa nachádza v K-zivcovo-albitovo-kremenových metatrachydacitoch Rako-
veckej skupiny (devón – spodný karbón) v superjednotke Gemerika Centrálnych Západných Karpát (východné Slovensko). Hornina
má A/CNK = 1,06–1,13, vysoké obsahy Zr (2200–2700 ppm), Hf (50–70 ppm), Nb (460–640 ppm), Ta (30–40 ppm), REE (napr.
350–470 ppm Ce, 230–270 ppm Y), Ga, Sn, W, Th, U, Rb/Sr, Ga/Al, bezné hodnoty Nb/Ta, Zr/Hf a Th/U a nízke koncentrácie
Sr, Ba, Sc a V. Zelezom obohatený muskovit (7–12 hm. % FeO) a takmer cistý magnetit sú bezné minerály metatrachydacitu.
Lokálne bol zaznamenaný fialový fluorit v podobe tenkých ziliek. Zirkón, bastnäsit-(Ce), synchyzit-(Ce) a ytrobetafit-(Y) (?) sú hlavné
minerály vzácnych prvkov; vytvárajú velmi drobné zrná (<25 μm), impregnácie a nepravidelné výplne puklín. Zirkón vykazuje
nízku analytickú sumu, je obohatený najmä Ti, Y a P, pomer Zr/Hf  hm. = 33.8. Bastnäsit a synchyzit majú Ce>La>Nd>Pr a pomer
F/(F+OH) 0,76–0,93 (bastnäsit), resp. 0,51–0,81 (synchyzit). Clen skupiny pyrochlóru s výraznými vakanciami v pozícií A, blízky
zlozeniu ytrobetafitu-(Y) vykazuje 2Ti>(Nb+Ta), výrazne vysokú prevahu Nb nad Ta s Ta/(Ta + Nb) = 0.03, Y>>REE, zvýšené
obsahy Fe, Mn and Th a nízku analytickú sumu (~90 hm. %). Opísaná vzácnoprvková mineralizácia je pravdepodobne produktom
interakcie medzi hydrotermálnymi fluidami, obohatenými F a CO2, a samotnými metatrachytickými horninami s vysokými obsahmi
vzácnych litofilných prvkov.

Introduction

Rare-element, Zr-REE-Nb mineralizations and related
ore deposits are usually connected with alkaline magmatic
rocks, especially syenites, alkali granites and their pegma-
tites, as well as carbonatites. High concentrations of high
field strength elements (HFSE: Zr, Hf, Nb, Ta, Ti), rare
earth elements (REE: Ce-Lu, Y) and some low field
strenght elements (Th, U) are related to the elevated
solubility of these elements in alkaline and fluorine- and/
or CO2-rich alkaline magmas and post-magmatic fluids/
solutions (e.g. MÖLLER 1989a, b; LINNEN and CUNEY
2005). REE and Zr are relatively mobile elements in
hydrothermal or hydrothermal-metamorphic and meta-
somatic systems where they locally form large mineral
deposits (MÖLLER 1989b; SAMSON and WOOD 2005).

In this contribution, we describe a disseminated Zr-
REE-Nb mineralization in metatrachydacitic rocks near
Hnilcík (eastern Slovakia) as an example of post-magmatic
alteration of a metatrachydacitic rock and their rare-
element accessory minerals by probably hydrothermal
F-CO2-rich fluids. The mineralization is one of Th-U
anomalies in the Rakovec Group discovered by gamma-
spectrometry (TRÉGER et al. 1977). The mineralogical-
geochemical study of the Hnilcík anomaly revealed
unusually high concentrations of Zr, Nb, REE and other
trace elements in the metatrachydacites (MALACHOVSKÝ
et al. 1987, REPCIAK et al. 1997). However, the above
mentioned publications had only preliminary character.
This study brings new analyses of the metatrachydacitic
rocks and rare-element minerals as well as possible
explanation of their origin.

Regional geology

The rare-element Zr-REE-Nb mineralization occurs
in a small natural outcrop (ca. 15 to 3 m in size) of
metatrachydacitic rocks on NNE slope of the Mraznica
Hill, ca. 1 km S-SW of Hnilcík village, Ráztoky (Roztoky)
settlement, Slovenské (Spišsko-Gemerské) Rudohorie
Mountains, eastern Slovakia, location: N 48°51'10 '', E
20°33'29 ''. The size of outcropped metavolcanic rock
body could be roughly estimated to be around 100 m
lenght and up to 30 m in thickness. Consequently, the
rock forms probably a part of (sub)volcanic extrusion
which penetrated adjacent metapelitic rocks (phyllites).
The described metatrachydacitic and adjacent phyllitic
rocks belong to the Rakovec Group (Complex) of the
Gemeric Superunit, Central Western Carpathians (Fig. 1).
The Rakovec Group represents huge Lower Paleozoic
(Devonian to Early Carboniferous) sequence of pelitic to
psammitic and basaltic rocks, a relict of oceanic crust with
a total thickness of about 2500 to 3000 m, and small
bodies of acid metavolcanic rocks: (metarhyolites,
keratophyres), overprinted by Hercynian low- to medium-
grade metamorphism as well as Paleo-Alpine (Cretaceous)
low-grade tectono-metamorphic event (e.g. BAJANÍK
1969, BAJANÍK et al. 1984; KRIST et al. 1992; FARYAD
1997). Phyllites, acid metapyroclastic rocks and
metarhyolites of the Gelnica Group or Complex (Upper
Cambrian to Devonian) and intrusions of Permian
specialized S-type leucogranites, locally with Sn-W-(Nb-
Ta-Li) greisen-type mineralization (e.g. GRECULA Ed.
1995) occur along the southern boundary of the Rakovec
Group (Fig. 1).


