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abstraCt

Monazite (CePO4) and xenotime (YPO4) are important hosts for REE and thus can be used to monitor 
REE mass transfer in various settings. In this investigation, the solubilities of synthetic monazite and 
xenotime were measured in KCl-H2O fluids at 800 °C and 1.0 GPa, using the piston-cylinder apparatus. 
The experimental results indicate an increase in monazite and xenotime solubility in aqueous fluids 
with moderate KCl mole fractions (XKCl) in agreement with previous investigations of the solubility 
of these phases in NaCl-H2O. Under all conditions, monazite and xenotime dissolve congruently. The 
solubility of synthetic monazite increases from 8 ppm in pure H2O to 335 ppm at XKCl = 0.506. The 
solubility of synthetic xenotime rises from 46 ppm in pure H2O to 126 ppm at XKCl = 0.348, above 
which it is constant or declines slightly. Monazite and xenotime solubilities are considerably lower 
in KCl-H2O than in NaCl-H2O at the same salt concentration. Best-fit equations for the solubilities 
of the two phases are:

cmz = –464 X2
KCl + 891 XKCl + 8

and

cxt = –563 X 2
KCl + 432 XKCl + 46

where mz and xt stand for monazite and xenotime, and XKCl = nKCl/(nKCl + nH2O) where n is moles. The 
change in solubilities with KCl implies that Ce dissolves as an anhydrous chloride complex (CeCl3), 
whereas Y forms a mixed Cl-OH solute [YCl(OH)2]. The data also imply that H2O-NaCl fluids and 
H2O-KCl fluids close to neutral pH can transport substantial amounts of REE and Y, thus obviating the 
need to invoke low-pH solutions in high-grade environments where they are highly unlikely to occur.
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introDuCtion

Aqueous fluids are responsible for substantial mass transfer 
in high-pressure (P) and -temperature (T) environments. 
Understanding the scale and magnitude of fluid-mediated com-
positional change is central to many studies of magmatic and 
metamorphic systems and ore deposits such as REE-enriched iron 
oxide-apatite deposits (cf. Harlov et al. 2016) or REE-enriched 
carbonatites (e.g., Yang et al. 2003). For example, lithologies 
transported to deep-crustal conditions along Barrovian P-T paths 
show evidence for significant compositional modification by 
metamorphic fluids (e.g., Ague 1994a, 1994b). Similarly, in sub-
duction zones, slab devolatilization generates a fluid phase that 
is capable of major metasomatic activity (e.g., Manning 2004). 
P-T environments (e.g., Barrovian and granulite metamorphism 

and subduction zones) often record evidence of mobilization 
of elements that show very low solubility in H2O, such as Al, 
Ti, and rare-earth elements (REE). Explanations may involve 
extremes in pH or complexing with halogens, alkalis, or both 
or polymerization with alkalis, Al, and Si (e.g., Manning 2004; 
Newton and Manning 2010; Tropper et al. 2011, 2013). Several 
observations point to the participation of brines in high-grade 
metamorphic processes. These include not only findings of alkali 
and alkaline-earth halides as daughter crystals in fluid inclusions, 
but also appreciable concentrations of Cl measured in minerals 
from high-grade rocks such as amphiboles, biotite, scapolite, and 
apatite, and direct observations on high-temperature halides pres-
ent in the intergranular space in high-grade rocks (e.g., Aranovich 
et al. 2014). Saline fluids may also be important in subduction-
zone metasomatism (Barnes et al. 2017; Keppler 2017).

Accessory minerals are minor in abundance, but can contain 
elements as major components (for example Ce in monazite and 
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