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aBstract

Two monazite generations (M1; M2) were distinguished in a kyanite-garnet gneiss from the UHP 
terrain of the Pohorje Mountains, Slovenia. P-T estimates reveal a peak event at 760 °C/2.6 GPa and 
isothermal decompression down to 700 °C/0.6 GPa.

M1 type provides a Th-U-Pb mean date of 100 ± 6 Ma, ThO2 contents between 3–7 wt%, Y2O3 

values <0.3 wt%, and La/Nd ratios (1.2–1.4) that are clearly higher than for the whole-rock La/Nd 
(1.1). The absence of Y zoning in M1 and the lack of monazite inclusions in garnet indicate that M1 
formed after the main stage of garnet growth (>1.2 MPa), probably close to the P-T peak.

M2 type is slightly younger than M1 (74 ± 16 Ma), and has a lower La/Nd (0.3–0.9), lower ThO2 

(0.1–5 wt%), and higher Y2O3 (up to 3.2 wt%). Most M2 monazites occur as tiny needles within apatite 
(subtype M2-a) or along apatite margins (M2-b). Parasitic growth of M2-a and -b from apatite is sup-
ported by its low ThO2 (<1 wt%) and La/Nd (<0.5). Isolated matrix grains (M2-c) and overgrowths 
around M1 (M2-d) have slightly higher La/Nd (0.5–0.9) and higher ThO2 (5 wt%) and were supplied 
from an apatite and M1 source. Elevated yttrium suggests that M2 formed during decompression, 
when garnet was consumed and Y was released.

These observations imply that at UHP conditions MREE-rich apatite coexisted with low-MREE M1 
monazite and reacted during decompression to Ca-F-apatite plus MREE-rich M2 monazite. This pro-
vides strong arguments that REE-partitioning between apatite and monazite is pressure-dependent.
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introduction

Since growth ages of monazite can be precisely determined 
by means of Th-U-Pb geochronology, there is much interest in 
its behavior during metamorphic processes. The formation of 
metamorphic monazite, especially under lower amphibolite-
facies conditions, often involves breakdown of allanite as the 
LREE-bearing source (Bingen et al. 1996; Finger et al. 1998; 
Spear and Pyle 2002; Wing et al. 2003; Cho et al. 2006; Yang 
et al. 2006; Janots et al. 2006, 2008; Krenn and Finger 2007; 
Tomkins and Pattison 2007; Corrie and Kohn 2008). However, 
metamorphic monazite might also form through direct replace-
ment of an older monazite. Although this process is especially 
common at higher metamorphic conditions (upper-amphibolite 
and granulite facies), where the mechanism of monazite dissolu-
tion-reprecipitation is important (McFarlane et al. 2006; Finger 
and Krenn 2007), it might also operate at lower-grade conditions 
(e.g., Rasmussen et al. 2007; Janots et al. 2008). Comparably 
rare are reports of monazite-forming processes involving REE-
bearing phases such as rhabdophane or florencite (e.g., Sawka 
et al. 1986; Nagy et al. 2002), REE oxides (Kingsbury et al. 
1993), REE-carbonates, or major rock-forming minerals (Kohn 
and Malloy 2004). 

There are also reports that under certain circumstances 
metamorphic monazite can form by reaction from LREE-bearing 
apatite (Pan et al. 1993; Harlov and Förster 2002; Harlov et al. 
2005; Ziemann et al. 2005). Arguments for monazite formation 
at the expense of LREE-enriched apatite are mainly textural and 
are based upon the occurrence of secondary monazite needles 
within apatite (Liou et al. 1998; Zhang and Liou 1999; Harlov 
and Förster 2002), secondary monazite seams around apatite, or 
parasitic monazite rim grains nucleating at apatite grain boundar-
ies (Finger and Krenn 2007).

Harlov and Förster (2002) and Harlov et al. (2005) have 
confirmed, by means of hydrothermal experiments, that natural 
apatite, if LREE-rich, can metasomatically react to form LREE-
poor apatite plus monazite. Back-scattered electron images 
(BSE) of the run products document a process of replacement 
of the original apatite, preferentially at its margin and along 
cracks, which is coupled with the nucleation and growth of small 
monazite crystals in these zones. The reaction in this case was 
clearly driven by a dissolution-reprecipitation process. Based 
on their experiments, Harlov et al. (2005) argued that monazite 
formation from apatite is mostly metasomatic in nature as well 
and requires the presence of suitable fluids. However, it is debat-
able whether at higher temperatures the process is driven simply 
by solid-state diffusion (Tacker and Stormer 1989; Finger and 
Krenn 2007), which is known to be fast in apatite (Cherniak and * E-mail: erwin.krenn@sbg.ac.at


