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INTRODUCTION

Monazite grains commonly contain multiple growth zones
of different age. To interpret correctly the significance of mea-
sured zone ages, we need to know what causes monazite to grow.
In this paper, we examine monazite paragenesis, identify zon-
ing types in natural monazite grains, and propose growth mecha-
nisms that account for their geometry. We then attempt to
characterize the simplest growth mechanism, coarsening in a
hydrostatic closed system, by presenting results of monazite
growth experiments in quartzite ± H2O at 1.0 GPa and 1000 °C.
We use crystal-size distribution (CSD) values measured as a func-
tion of time to estimate the rate of growth and identify the growth
mechanism. We also investigate the effect of matrix coarsening
on monazite growth rate and mechanism, and in the process
obtain insights into inclusion/host relations.

Monazite paragenesis

Monazite commonly occurs as an accessory phase in
peraluminous granites and amphibolite- and granulite-grade
metapelites. It is, however, uncommon during diagenesis and
low-grade metamorphism of shales, an observation that some
attribute to instability at these conditions (Overstreet 1967;
Sawka et al. 1986), although U,Th-Pb studies have identified
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ABSTRACT

Monazite has become an important tool for geochronology, but it commonly exhibits complex
internal zoning of composition and age. Experiments were conducted to characterize the textural
development and the rate and mechanism of growth of finely powdered (<3 µm) natural monazite in
quartzite ± H2O at 1.0 GPa and 1000  °C. Coarsely crushed quartz crystals <1 to >500 µm in diameter
grew rapidly and progressively engulfed monazite crystals to form arrays of monazite inclusions.
The mean diameter of all monazite crystals decreased in the first 24 h, then increased at a constant
rate consistent with growth by grain boundary diffusion-controlled Ostwald ripening with a mini-
mum rate constant K1/4 = 4.41 × 10–2 µm/s4. Using small quartz crystals of uniform diameter (~0.5
µm) in the starting material reduced quartz grain boundary mobility and limited the development of
inclusions. Monazite grew by matrix volume diffusion-controlled Ostwald ripening with K1/3 = 1.02
× 10–2 µm/s3. In all run products, matrix coarsening produced linear crystal-size distributions that
reflect continuous recrystallization and nucleation. Textural evidence suggests that matrix coarsen-
ing-induced coalescence was also an important growth mechanism.

During annealing of fluid-filled rock, growing host crystals may occlude small monazite crystals,
preserving their isotopic composition. Large monazite crystals may pin grain boundaries, while smaller
crystals may move with grain boundaries by recrystallizing, a process that resets isotopic systems.
Monazite crystals on grain boundaries may grow by Ostwald ripening to form rims and by coales-
cence. Accurate interpretations of monazite ages therefore require knowledge of the texture/growth
history of the rock and its dated grains.

(metastable?) detrital monazite in high-grade metapelites
(Parrish 1990; Suzuki et al. 1994).

During prograde metamorphism, monazite may grow at
staurolite grade conditions (~500 °C) through heterogeneous
reaction involving apatite and LREE oxides (Kingsbury et al.
1993; Akers et al. 1993) or by breakdown of allanite (Smith
and Barreiro 1990). Bingen and van Breeman (1998) docu-
ment prograde growth of monazite by breakdown of hydrous
minerals including allanite, biotite, and hornblende. The re-
connaissance of textures by Kingsbury et al. (1993) suggest
that monazite mean crystal size increases with increasing meta-
morphic grade, and the distribution of crystal size shows a
subtle shift from lognormal to normal distributions. This is con-
sistent with the observations and predictions of Cashman and
Ferry (1988) that initial nucleation produces a lognormal dis-
tribution (as observed in contact metamorphic rocks) and that
subsequent coarsening removes the small grains and changes
the distribution to normal (as observed in rocks that experi-
enced prolonged regional metamorphism). Coarsening reduces
the surface area/volume ratio by growing large, spherical grains
at the expense of smaller grains, and spherical shape is often
used as evidence of metamorphic growth (e.g., Heaman and
Parrish 1991). Kingsbury et al. (1993) also observed an in-
crease in the fraction of monazite grains present as inclusions
with increasing metamorphic grade. This is consistent with the
field-based observation of Bea (1996) that >70% of the mass*E-mail: john.c.ayers@vanderbilt.edu


