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Abstract

Granitoid monazite is a potential candidate for restitic origin because of its very low dissolution 
rates. A biotite-garnet granite (Nízke Tatry Mountains, Slovakia) contains monazite characterized by 
older, BSE-bright domains irregularly replaced by BSE-dark domains. They are interpreted as the 
result of late-magmatic replacement by a dissolution-reprecipitation mechanism. Garnet is mostly 
magmatic, with peritectic cores, and the granite is thought to have formed by biotite fluid-absent 
melting. Xenotime-monazite and garnet-biotite thermometry yield 600–650 °C at 400 MPa, for Y-
rich monazite, suggesting that equilibration took place in the presence of fluid. Chemical and textural 
relations enable the distinction of four types of monazite, which have been dated. Type I monazite, 
forming grain interiors, is Th-rich and overgrown by a lower-Th type II variety. Type III monazite 
has the lowest U and also overgrows the type I, whereas type IV monazite has the highest U (and Y) 
contents. U/Pb-Th/Pb isochrons reveal that, whereas monazite types I and III are older (355 ± 7 Ma), 
the age corresponding to the Variscan metamorphic peak, types II and IV are ca. 10 million years 
younger (346 ± 3 Ma, type IV). Monazite types I-III are considered to be inherited from a metamorphic 
protolith, whereas type IV is interpreted to be the age of the latest magmatism. Application of LREE 
and Zr diffusion coefficients to monazite and zircon indicates that the accessory restite assemblage 
observed is consistent with a short magma residence time (<500 years) during which monazite remained 
mostly intact, whereas zircon was partly dissolved.
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Introduction

Monazite, one of the most important carriers of light rare 
earth elements (LREE) in crustal quartzo-feldspathic rocks, is 
widely used in dating because of its common occurrence and 
ability to record multiple magmatic/metamorphic events. Use 
of the total-Pb (i.e., chemical) method of dating established in 
the 1990s by Suzuki and Adachi (1991), Montel et al. (1996), 
and Cocherie et al. (1998) has become commonplace, and it 
has been shown to produce accurate and precise results (e.g., 
Williams et al. 1999; Goncalves et al. 2005; Be Mezeme et al. 
2006; Cocherie et al. 2005). Many works have documented pro-
longed, multi-phase growth histories of metamorphic monazite 
(e.g., Vavra and Schaltegger 1999; Dahl et al. 2005; Pyle et al. 
2005; Finger and Krenn 2007). Similarly, igneous monazite, 
like zircon, commonly preserves both inherited and magmatic 
ages (Harrison et al. 1995; Cocherie et al. 2005; Be Mezeme et 
al. 2006), and magmatic monazite overgrowths on slightly older 
metamorphic cores have been identified in Himalayan migma-
tites (Kohn et al. 2005). The basement of the Central European 
Western Carpathians has experienced several orogenies, and its 
felsic rocks, mainly granitoids, record multiple ages (Poller et 

al. 2000, 2005; Finger et al. 2003). Therefore, these granitoids 
appear to be likely candidates for revealing important details of 
monazite growth history in the region.

It is useful to integrate monazite age data with essential 
structural component (ESC) diffusivities for zircon and apatite. 
In principle, these data provide a basis for estimating dissolution 
rates, which in turn enable estimates of the residence time of 
melts in the zone of melting. In water-poor peraluminous melts 
apatite dissolves almost instantaneously, whereas small zircon 
grains may be partially melted and larger monazite grains remain 
insoluble for tens of thousands of years (Rapp and Watson 1986; 
Watson 1996). The small extent of monazite dissolution is likely 
to result in mineral-melt disequilibrium because the rate of melt 
extraction is commonly higher (Sawyer 1991). Disequilibrium 
can also occur during relatively low-temperature fluid-absent 
melting of muscovite, with accessory phases left in residual rocks 
or armored by biotite and thereby resulting in LREE-depleted 
leucogranites (Nabelek and Glascock 1995). At a higher tempera-
ture during biotite fluid-absent melting, biotite-hosted accessory 
phases are likely to be liberated in the melt, where they may either 
dissolve and recrystallize or remain preserved as inherited cores, 
depending on the melt extraction rate. In both cases, the resulting 
rock gains a high-LREE signature. This disequilibrium melting * E-mail: geolpetr@savba.sk


