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INTRODUCTION

Monazite is a light rare-earth-element (LREE) phosphate
whose chemical composition can be expressed as a solid solu-
tion between three monoclinic end-members: monazite-
LREEPO4, brabantite-CaTh(PO4)2, and huttonite-ThSiO4 (Burt
1989; Hughes et al. 1995; Fleisher and Mandarino 1995). Mona-
zite commonly occurs in peraluminous granitoids and their dif-
ferentiates, syenites, quartz veins, and in orthogneisses and
paragneisses, in which it contributes to the control of REE, Th,
and U behavior of the host rocks (Gromet and Silver 1983;
Nabelek and Glascock 1995). Several detailed compositional
and textural studies have revealed some fine examples of oscil-
latory compositional zoning in euhedral magmatic (Parrish
1990; Montel 1993) and metamorphic monazite (Mohr 1984).
Monazite and cheralite [(Ca,Ce,Th)(P,Si)O4], which is the
monazite-brabantite solid solution, are the most widespread of
the monazite-group minerals, and brabantite is known from the
Brabant pegmatite in Namibia (Rose 1980) and from Erzgebirge
granites (Förster 1998). Huttonite, in the form of discrete grains,
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ABSTRACT

Monazite, a typical light rare-earth element (LREE) mineral of S-type granitoids in the Western
Carpathians, was found in the peraluminous biotite granodiorite-tonalite in the Tribecˇ Mountains
commonly containing polymineralic inclusions. These inclusions are dominated by anhedral allanite,
although allanite also occurs rarely as discrete grains not enclosed by monazite. The monazite stud-
ied here is relatively homogeneous and characterized by high Th contents with proportions of huttonite
(ThSiO4) and brabantite [CaTh(PO4)2] up to 14.6 and 9.3%, respectively. The discrete allanite grains
are highly aluminous with a composition consistent with the peraluminous type of host rock. How-
ever, allanite included in monazite is extremely variable in LREE, Al, Fe, and Mg contents. This
variation is interpreted to result from entrapment of allanite (+ melt) in monazite before local equi-
librium was attained. The change from allanite to monazite as the stable LREE-rich phase is related
to an overall decrease in Ca concentration caused by the onset of plagioclase crystallization. The early
precipitation of allanite was possible because of the high LREE concentrations in the melt. The crystal-
lization temperature of allanite must have been higher than monazite saturation (>856–845 °C and
798–790 °C for two analyzed samples). The Zr saturation temperature based on zircon solubility and
REE thermometry based on monazite solubility reflect an increase in temperature from the edge to
the center of the pluton, which coincides with an increase in the huttonite content in monazite. The
primary LREE assemblage is accompanied by small grains of late huttonite(?) replacing monazite
and brabantite replacing allanite.

is known only from beach sands in South Westland, New
Zealand (Pabst and Hutton 1951) and from pegmatites in Lower
Silesia, Poland (Kucha 1980). Analyses of primary magmatic
monazite show that the ThO2 concentrations typically range
from 2 to 13 wt% (Overstreet 1967; Casillas et al. 1995; Bea
1996) although Förster (1998) reported a range from <1 to 20
wt%. Similar concentrations have been described from mona-
zite in pegmatites (Demartin et al. 1991). No crystal-chemical
limitations to U substitution in monazite crystals at the tem-
perature and pressure conditions corresponding to those of gra-
nitic magma have been reported (Podor et al. 1995).

The stability of monazite appears to be related to the activ-
ity of Ca: monazite forms at low Ca activity, whereas allanite
precipitates at higher Ca activity (Lee and Silver 1964;
Snetsinger 1967; Cuney and Friedrich 1987; Parrish 1990;
Casillas et al. 1995). Monazite thus generally occurs in
peraluminous granites, whereas allanite and titanite occur in
calc-alkaline granitoids, i.e., in weakly peraluminous and
metaluminous granites. Fractionation of LREE accessory min-
erals from felsic melts cause the depletion of LREE in deriva-
tive bulk-rock compositions (Miller and Mittlefehldt 1982). Our
understanding of monazite stability is based on the experimen-
tal determination of the solubility of monazite (Rapp and Watson
1986; Montel 1993; Wolf and London 1995). Crystals of ac-*E-mail: geolbros@savba.savba.sk


