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abstraCt

The solubility of apatite in anatectic melt plays an important role in controlling the trace-element 
compositions and isotopic signatures of granites. The compositions of glassy melt inclusions and 
nanogranitoids in migmatites and granulites are compared with the results of experimental studies of 
apatite solubility to evaluate the factors that influence apatite behavior during prograde suprasolidus 
metamorphism and investigate the mechanisms of anatexis in the continental crust. The concentra-
tion of phosphorus in glassy melt inclusions and rehomogenized nanogranitoids suggests a strong 
control of melt aluminosity on apatite solubility in peraluminous granites, which is consistent with 
existing experimental studies. However, measured concentrations of phosphorus in melt inclusions 
and nanogranitoids are generally inconsistent with the concentrations expected from apatite solubility 
expressions based on experimental studies. Using currently available nanogranitoids and glassy melt 
inclusion compositions, we identify two main groups of inclusions: those trapped at lower tempera-
ture and showing the highest measured phosphorus concentrations, and melt inclusions trapped at the 
highest temperatures having the lowest phosphorus concentrations. The strong inconsistency between 
measured and experimentally predicted P concentrations in higher temperature samples may relate to 
apatite exhaustion during the production of large amounts of peraluminous melt at high temperatures. 
The inconsistency between measured and predicted phosphorus concentrations for the lower-temper-
ature inclusions, however, cannot be explained by problems with the electron microprobe analyses 
of rehomogenized nanogranitoids and glassy melt inclusions, sequestration of phosphorus in major 
minerals and/or monazite, shielding or exhaustion of apatite during high-temperature metamorphism, 
and apatite–melt disequilibrium. The unsuitability of the currently available solubility equations is 
probably the main cause for the discrepancy between the measured concentrations of phosphorus in 
nanogranites and those predicted from current apatite solubility expressions. Syn-entrapment pro-
cesses such as the generation of diffusive boundary layers at the mineral-melt interface may also be 
responsible for concentrations of P in nanogranitoids and glassy melt inclusions that are higher than 
those predicted in apatite-saturated melt.
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introduCtion

The behavior of apatite during metamorphism is important 
for geochemical studies of granites (e.g., Ayres and Harris 1997; 
Zeng et al. 2005; Farina and Stevens 2011) and geochronology 
of metamorphic and metasomatic processes (e.g., Corfu and 
Stone 1998; Engi 2017; Kirkland et al. 2018; Bosse and Villa 
2019). Because apatite hosts most of the P in metapelites and 
migmatites (London et al. 1999; Yakymchuk et al. 2018) it also 
influences the behavior of metamorphic monazite (Johnson et al. 
2015; Yakymchuk 2017) and plays a critical role controlling the 
rare earth element budgets of magmas that ultimately produce 
mineral deposits (e.g., Bea et al. 1992). Therefore, understanding 
the behavior of apatite during anatexis has many implications for 
igneous, metamorphic, and hydrothermal systems.

Studies of the chemical differentiation of the continental 
crust and petrogenesis of migmatites and granulites rely on the 
composition of primary melt derived from anatexis—these melt 
compositions are the starting point for such studies (Sawyer 
2008). The compositions of primary anatectic melt have been 
determined from experiments, the compositions of leucosomes in 
migmatites, phase equilibrium modeling, and from the analysis of 
glassy melt inclusions and nanogranitoid inclusions in peritectic 
minerals from migmatites and granulites (Cesare et al. 1997, 
2009, 2015; Acosta-Vigil et al. 2010, 2017; Bartoli et al. 2016). 
Experimental studies provide fundamental benchmarks of pri-
mary melt compositions, but they are generally time consuming 
and the applicability of the relatively simple chemical systems 
to large and more complex natural systems is not always clear 
(White et al. 2011). Leucosomes in migmatites can represent in 
situ products of anatexis, but they rarely record primary melt 
compositions because they are prone to compositional variation 
during melt extraction and cooling of the system, such as fraction-
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