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ABSTRACT
Zircon crystals were grown from a Li-Mo flux (7.5 mol% Li2MoO4; 86.5 mol% MoO3) to which
equal molar proportions ZrO2 and Li2SiO3 were added (3 mol% each). The crystals were initially
grown undoped, but later Dy was added to the flux without any other charge-compensating species.
With Dy and P added, in equal molar proportions, the zircon crystals incorporated 1.37 mol% (6.99
wt%) Dy and 1.36 mol% (1.33 wt%) P, a factor of 5.3 increase in Dy over the crystals grown without
P intentionally added to the flux. The other P+REE-doped zircon crystals displayed an approximately 1000-fold increase in REE and P from La through Lu, a result of decreasing ionic radii. The
incorporation of P5+ allowed, in a general sense, the xenotime-type coupled substitution of (REE3+,
Y3+) + P5+ = Zr4+ + Si4+. From La to Nd, however, P exceeds REE, from Sm to Gd, the REE are
generally equal to P, and from Tb to Lu the REE exceed P. The Y- and P-doped zircon behaved more
like middle-REE (MREE)-doped zircon than heavy-REE (HREE)-doped zircon crystals in their ability
to incorporate Y (and P) and to maintain charge neutrality. To investigate the incorporation of Dy
with no P added to the flux, the P to LREE excess, and the HREE to P excess in the doped zircon,
secondary ion mass spectrometry (SIMS) analyses were completed on selected crystals. In the Dydoped crystals, the SIMS analyses revealed minor amounts of P, Li, and Mo in the crystals. These
elements contributed to charge balance required by the excess Dy. In REE- and P-doped zircon, the
SIMS analyses detected Li and Mo, and the Li and Mo may also provide charge balance for excess
REE in the HREE+P-doped crystals.

INTRODUCTION AND BACKGROUND
Zircon (ZrSiO4) is important in understanding the Earth’s
crustal evolution. In particular, the ability of zircon to incorporate and retain trace-element and isotopic information, even
through protracted thermal events, makes it an indispensable
tool for geochemists and geochronologists. The stability of zircon in nature over long periods of time led researchers to focus
on zircon as the preferred mineral for geochronology (Heaman
and Parrish 1991; Dickin 1995). In fact, much of what is known
about the timing of major geologic events has been accomplished through geochronology using U-Pb isotopic analyses
of zircon (Bowring and Housch 1995; Buick et al. 1995;
Bowring et al. 1998; Bowring and Williams 1999). Zircon has
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also been proposed as a potential storage material for weapons-grade Pu from dismantled nuclear weapons (Ewing et al.
1995; Ewing 1999). Rare earth elements (REE) contained in
zircon are especially useful petrogenetic indicators, because
small differences in their ionic radii (e.g., La to Lu) and oxidation states (e.g., Ce3+/Ce4+, Eu2+/Eu3+) can lead to pronounced
differences in REE distributions in zircon (Hinton and Upton
1991; Bea et al. 1994; Bea 1996; Guo et al. 1996; Belousova et
al. 1998; Schaltegger et al. 1999).
The REE composition of zircon, in combination with values for partition coefficients for the REE between zircon and
felsic silicate melts, allow geochemists to model the compositions of melts in equilibrium with zircon. Additionally, an understanding of the incorporation of REE in zircon can enable
isotope geochemists study Sm-Nd and Hf-Lu isotope systematics in zircon and understand the effects and implications of
the differential incorporation of these elements (Vervoort et al.
1996).
Zircon crystals were synthesized undoped, and later grown
with Dy3+, the remaining REE3+ (individually), Y3+, and P5+, to
understand the incorporation mechanisms of REE in zircon.
Using a combination of analytical techniques [electron micro-

