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LETTER

Why natural monazite never becomes amorphous: Experimental evidence for alpha self-healing
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ABSTRACT

Monazite, a common accessory rare-earth orthophosphate mineral in the continental crust widely used
in U-Pb geochronology, holds promise for (U-Th)/He thermochronology and for the immobilization of
Pu and minor actinides (MA) coming from spent nuclear fuel reprocessing. Previous results obtained on
natural and plutonium-doped monazite have demonstrated the ability of this structure to maintain a crys-
talline state despite high radiation damage levels. However, the low critical temperature (180 °C), above
which amorphization cannot be achieved in natural monazite under ion irradiation, does not explain this
old and unsolved paradox: why do natural monazites, independent of their geological history, remain
crystalline even when they did not experience any thermal event that could heal the defects? This is what
the present study aims to address. Synthetic polycrystals of LaPO,-monazite were irradiated sequentially
and simultaneously with o particles (He) and gold (Au) ions. Our results demonstrate experimentally for
the first time in monazite, the existence of the defect recovery mechanism, called a-healing, acting in this
structure due to electronic energy loss of o particles, which explains the absence of amorphization in natural
monazite samples. This mechanism is critically important for monazite geo- and thermochronology and to
design and predictively model the long-term behavior of ceramic matrices for nuclear waste conditioning.
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