
American Mineralogist, Volume 110, pages 2029–2033, 2025

Revision of Y3� ionic radii in common minerals based on trace element partitioning
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ABSTRACT

The ionic radii of rare earth elements (REE: Sc, Y, and the lanthanides) are key to interpreting
partitioning behavior between minerals and melts for use as petrogenetic tracers and thermometry.
Of REE, Y commonly has the highest concentration and serves as a reference against which other
REE concentrations or partition coefficients can be compared. Here, we show that published experi-
mental data on mineral-melt partitioning of REE imply the ionic radius of Y3� is smaller than com-
monly assumed by 0.001 Å for sixfold coordination to 0.005 Å for eightfold and ninefold coordination.
This difference reconciles the partitioning behavior of Y3� with that of other REE and improves refer-
ence states for interpreting trace element systematics in rocks. Thermobarometry can be highly sensitive
to assumed ionic radii, and downward correction of the Y3� ionic radius improves some REE-based
temperatures by hundreds of degrees. Future studies that employ the most common tabulations of ionic
radii of the REE (Shannon 1976) should use an ionic radius of Y3� of 0.899, 1.014, and 1.070 Å for
six-, eight-, and ninefold coordination, respectively; alternatively, the ionic radius of Y can be scaled to
that of Ho3� × 0.9984. More generally, trace element partitioning data, coupled with theoretical mod-
els, provide an exact method for refining effective relative ionic radii in minerals where direct structural
determinations are not possible.
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INTRODUCTION

Yttrium is the second most abundant rare earth element
(REE) on Earth, after scandium, and is a readily measured minor
to trace constituent in most minerals. The REE, in turn, are
widely used for tracing geological processes, especially melting
and crystallization, metamorphic reactions, and paleontology
(e.g., Hanson 1980; Rubatto 2002; Trueman and Tuross 2002).
The systematic geochemical behavior of REE, combined with
rapid and precise analysis via laser ablation inductively coupled
plasma mass spectrometry (LA-ICP-MS), secondary ion mass
spectrometry (SIMS), and, for high concentrations, electron
probe microanalysis (EPMA), makes REE one of the most com-
monly analyzed groups of elements in geochemistry. Yttrium is
unique among REE because, in minerals with relatively small
crystallographic sites that prefer middle to heavy REE (MREE,
HREE), such as garnet, clinopyroxene, hornblende, and others,
Y is often the most abundant. This high concentration makes
it especially amenable to SIMS, LA-ICP-MS, and EPMA
measurement.

An element’s ionic charge and radius strongly control
elemental partitioning between silicate minerals, aqueous fluids,
and melts. The REE exhibit highly systematic partitioning
behavior, owing to a shared outermost orbital configuration in
their trivalent state, over a wide range of masses and ionic radii
(Shannon 1976). In the geochemical literature, the crystal-melt
partition coefficient (D) is typically expressed as the mass frac-
tion of an element in a crystal (e.g., as wt% or μg/g) divided by
the mass fraction of the element in a liquid. As first recognized

by Onuma et al. (1968), the logarithm of mineral-meltD shows a
quasi-parabolic relationship with respect to ionic radius (r)
(e.g., Fig. 1). Lattice strain in the crystal explains this behavior,
such that progressively greater collapse or expansion of the crys-
tal lattice around smaller or larger ions increases the Gibbs free
energy of a crystal and decreases D (Brice 1975; Blundy and
Wood 1994). The ionic radius of each element is fundamental
to any interpretation of partitioning that appeals to this quasi-
parabolic relationship, so the accuracy of these radii relative
to each other is crucial to numerous and diverse applications
across geochemistry. Besides petrogenetic tracing, REE parti-
tioning can also be used as a thermometer (e.g., Wood and
Blundy 1997; Liang et al. 2013; Pickles et al. 2016), in some
formulations referencing D’s to a standard element with known
r and D (e.g., Lee et al. 2007); because of its high concentration
and straightforward measurement, Y has been proposed to serve
as a robust reference element (Pickles et al. 2016).

By convention, geochemists use the standard tabulation
of ionic radii by Shannon (1976), in which the ionic radii of
Y3� in six-, eight-, and ninefold coordination are 0.900, 1.019,
and 1.075 Å, respectively. Here, ionic radii are “effective,”
based on average measured bond lengths minus an assumed
fixed radius for O2– (Shannon 1976), and correspond closely
to the average distance from the cation nucleus to the minimum
in electron density between cation and anion, at least for the
REE (Hawthorne and Gagné 2024). Standard radii (Shannon
1976) were based on crystallographic observations but
included smoothing for the lanthanides that ensures systematic
decreases in radius with increasing atomic number. Recently
proposed alternate radii (Gagné 2018; Hawthorne and Gagné
2024) are not smoothed and show non-systematic behavior,
including reversals that conflict with partitioning data.
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