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REE-arsenates and phosphates

Pagliaro F.*1, Lotti P.1, Comboni D.2, Fumagalli P.1, Battiston T.1, Guastoni A.3, Rotiroti N.1 & Gatta G.D.1

1 Dipartimento di Scienze della Terra “A. Desio”, Università di Milano. 2 ESRF, Grenoble (France). 3 Dipartimento di 
Geoscienze, Università di Padova.

Corresponding author e-mail: francesco.pagliaro@unimi.it

Keywords: REE, XRD, synchrotron.

The wide group of ATO4 minerals (A = Sc, Y, Ln, U and Th, whereas T stands for tetrahedrally-coordinated 
cations as P, As and minor Si), includes the important REE-bearing minerals xenotime-(Y) (nominally YPO4) 
and monazite-(Ce) (nominally CePO4), as well as the rare REE-arsenates chernovite-(Y) (nominally YAsO4) 
and gasparite-(Ce) (nominally CeAsO4). The Y- and HREE-rich chernovite-(Y) and xenotime-(Y) share the 
same zircon-type structure (space group I41/amd), while gasparite-(Ce) and monazite-(Ce) represent the 
LREE-rich ATO4 minerals, crystallizing in the monoclinic monazite-type structure (space group P21/n). The 
renowned REE-bearing site of Mount Cervandone (Lepontine Alps, Italy), has been chosen as a case-study: 
all the above-mentioned minerals occur in hydrothermal quartz veins crosscutting previously metamorphosed 
pegmatitic dykes. The present study focuses on 1) the chemical composition of the selected minerals, 2) the 
role played by crystal chemistry on the structural and thermo-elastic features, and 3) the structural response to 
T and P stimuli, including the occurrence of phase transitions.

A chemical and structural characterization has been performed via EPMA-WDS, Raman spectroscopy and 
single-crystal X-ray diffraction analysis. Chemical data showed that the zircon-structured minerals chernovite-
(Y) and xenotime-(Y) are characterized by a very similar (Y,HREE) composition and the same conclusion can 
be drawn for the LREE content of the two monazite-type minerals. An almost complete solid solution has been 
found between xenotime-(Y) and chernovite-(Y), while a wide miscibility gap has been observed within the 
monazite series minerals of Mt. Cervandone. Despite strong similarities in the composition of the REE-site 
within the zircon- and monazite-type series, respectively, isostructural phosphate and arsenate differ in some 
structural features. In particular, both the unit-cell and the REE-coordination polyhedron volumes are strongly 
controlled by the cationic population at the T-site: an increase in As not only expands the volume of the TO4 
tetrahedron, but even that of the REE-polyhedron, irrespective of the A-site population. A comparative analysis 
of the thermo-elastic behavior of selected minerals has been conducted, by in situ high-P, high-T and combined 
HPHT X-ray diffraction experiments using conventional and synchrotron facilities. The non-ambient data 
confirm the central role played by the T-site in controlling the structural deformation and, consequently, 
the bulk thermal expansion and compressibility. In conclusion, zircon-type structure has been found to be 
always less compressible than monazite-type counterparts, while, within each structural type, phosphates 
are systematically less compressible than arsenates. The occurrence of P-induced phase transitions in both 
chernovite-(Y) and xenotime-(Y) leads to a larger HP stability field of phosphates if compared to arsenates 
with a zircon-type structure.
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