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ABSTRACT

Peraluminous granites of the Erzgebirge-Fichtelgebirge, Germany, are hosts of various
members of the monazite group of minerals that display an unprecedented compositional
diversity. The Eibenstock S-type granite constitutes the third reported occurrence world-
wide of brabantite and the first occurrence of this mineral in a granite. Many new occur-
rences of cheralite-(Ce), as well as a monazite-group mineral intermediate between mon-
azite-(Ce) and huttonite for which the term huttonitic monazite is proposed, were
discovered. Even ‘‘common’’ monazite-(Ce) may show extreme ranges of actinide and
lanthanide element concentrations.

The granites that host brabantite and cheralite-(Ce) are highly differentiated, strongly
peraluminous, low-temperature residual melts of S-type affinity, which are rich in fluorine
and other volatile constituents but depleted in thorium and the light rare-earth elements.
Such highly evolved, volatile-rich compositions resemble rare-element pegmatites and ap-
pear favorable for the precipitation of cheralite-(Ce) and brabantite, but not of monazite
with large amounts of huttonitic substitution. Instead, these minerals occur preferentially
in F-poor biotite and F-rich Li-mica granites of A-type affinity. Irrespective of the level
of uranium in silicate melts, which may exceed that of thorium, the substitution of uranium
in monazite remains limited.

The compositional data reported here are consistent with complete miscibility in the
monazite-(Ce)-brabantite solid solution series under magmatic conditions. These granites
contain monazites that span almost the entire compositional range reported for monazite-
group minerals worldwide, and therefore granites appear to be ideal rocks in which to
study the crystal chemistry of this mineral group in general.

INTRODUCTION

The light rare-earth element (LREE) phosphate mineral
monazite most commonly occurs as an accessory phase
in peraluminous granites, syenitic and granitic pegma-
tites, quartz veins, and carbonatites, as well as in char-
nockites, migmatites, and paragneisses (Rapp and Watson
1986). In peraluminous granites, monazite constitutes a
major host for the LREE (except Eu) and the actinides
thorium and uranium (Hinton and Paterson 1994; Bea et
al. 1994; Bea 1996), and it commonly contains minor
amounts of yttrium and the heavy rare-earth elements
(HREE). The stability of monazite in silicate melts de-
pends on numerous compositional parameters of the melt
such as the activities of SiO2, CaO, and P2O5, the oxygen
fugacity, the peraluminosity, and the ratios and contents
of the lanthanides and actinides (Cuney and Friedrich
1987; Casillas et al. 1995). Several experimental studies
of monazite solubility in granitic melts have been made
in the past decade (Rapp and Watson 1986; Rapp et al.
1987; Montel 1993; Wolf and London 1995). The stabil-
ity of monazite and its solubility in melts control the dis-

tribution of LREE, Th, and U between melts and restite
during partial fusion (Rapp et al. 1987; Watt and Harley
1993; Nabelek and Glascock 1995). The strong LREE
and Th depletions commonly observed in felsic differ-
entiates of multiphase granite plutons also may be due to
monazite fractionation (Ward et al. 1992; Wark and Miller
1993; Zhao and Cooper 1993).

SHRIMP ion-microprobe measurements proved that
monazite can occur as an inherited accessory mineral
(Miller et al. 1992; Harrison et al. 1995) and thus may
be useful for evaluating the age and nature of source ma-
terial from which a silicate magma was derived. In ad-
dition to the wide use of monazite for conventional U-Pb
dating (e.g., Parrish 1990), this mineral also has received
renewed interest because of the potential for determining
Th-U-Pb ages by electron microprobe analyses (Suzuki
et al. 1994; Montel et al. 1996; Rhede et al. 1996). The
monazite structure also has received considerable atten-
tion for use as a long-term solid state host for storing
radionuclides (e.g., Boatner and Sales 1988).

Despite the importance of monazite outlined above,
only a few systematic electron microprobe studies on


