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abstRact

With the advent of techniques that preclude mineral separation, ages from specific compositional 
domains in monazite [(Ce,La,Th)PO4] have provided a wealth of information regarding the timing of the 
geologic evolution of numerous regions. However, confusion can arise when single grains show large 
differences in age that fail to correlate to chemistry or location within the monazite. Generalizations 
that lead to incorrect age interpretations include that monazite zoning in Y, Th, and/or the rare earth 
elements (REE) always identify: (1) distinct tectonic events; (2) environment of crystallization; and (3) 
provenance of detrital grains. Increasing Th contents in monazite do not always reflect: (1) increasing 
grade in metamorphic grains; (2) changes in silicate melt composition in igneous grains; (3) make 
the mineral more susceptible to alteration; nor (4) control the mineral’s uptake of REE. Metamorphic 
monazites from Himalayan garnet-bearing rocks with coexisting allanite show no relationship between 
Th content and REE. Instead, chondrite-normalized REE patterns of the allanite mirror those of the 
monazite, indicating the variations are related to the reactant that formed the mineral. Generalizations 
about Pb behavior in monazite remain problematic. Incorporation of Pb into monazite has thus far 
been precluded by experimental studies, yet common Pb has been measured in many studies of natural 
monazite. A clear understanding about controls of monazite composition and the role of the chemical 
and/or pressure-temperature (P-T) environment of the rocks in which it forms is required to correctly 
interpret the meaning of the mineral’s age(s).
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intRoduction

Monazite (Ce,La,Th)PO4 is often found in nature as a com-
plexly zoned mineral (e.g., Zhu and O’Nions 1999a; Catlos et al. 
2002; Foster et al. 2002; Pyle and Spear 2003; Gibson et al. 2004; 
Goncalves et al. 2005; Hinchey et al. 2007; Williams et al. 2007; 
Gasser et al. 2012). It typically contains large amounts of radio-
genic elements and can be dated using various methods [isotope 
dilution, electron microprobe, ion microprobe; see reviews by 
Harrison et al. (2002) and Williams et al. (2007)]. Differences in 
the chemistry of specific zones in monazite are often attributed 
to differences in age and, in some cases, these regions can vary 
by many millions of years (e.g., Ayers et al. 1999; Gibson et al. 
2004; Mahan et al. 2006; Santosh et al. 2006). However, some 
grains have unexpected internal age relationships. For example, 

some monazite grains show older ages near apparent rims and 
younger ages near the core [Fig. 1 in Ayers et al. (1999); Fig. 7a 
in Gibson et al. (2004); Fig. 9 in Catlos et al. (2008); multiple 
grains in Triantafyllidis et al. (2010)]. Some grains have clear 
correlations between Y content and age (e.g., Shaw et al. 2001; 
Gibson et al. 2004; Krenn et al. 2009; Martins et al. 2009), yet 
in others no such obvious relationship exists (e.g., Hokada and 
Motoyoshi 2006; Hinchey et al. 2007; Martin et al. 2007; Tri-
antafyllidis et al. 2010; Reno et al. 2012). Compositional differ-
ences among zones in monazite, although providing a qualitative 
impression of the evolution of the crystal through time, may not 
always record a clear age progression (e.g., Spear and Pyle 2010) 
nor reflect a simple evolution of a given system (e.g., Wark and 
Miller 1993; Kelly et al. 2012). Chemical variations can create 
misleading expectations regarding its number of growth stages, 
and thus the number of temporally distinct tectonic episodes the 
mineral, rock, and/or region experienced and recorded.

In addition, monazite composition, zoning, and even its shape 
have been suggested to identify its origin in specific rock types 
(e.g., Overstreet 1967; Mohr 1984; Schandl and Gorton 2004; 
Förster 1998; Broska et al. 2000; Townsend et al. 2000; Dawood 
and El-Naby 2007; Dill et al. 2012). The distribution of specific 
elements in monazite, like Y, Th, and rare earth elements (REE) 
as a tool to discriminate for provenance would be beneficial if 
they could decipher the source of detrital grains (e.g., Iizuka et 
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