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INTRODUCTION

Zircon is of paramount importance for geochronology based 
on its preference for actinide elements while excluding initial Pb, 
its chemical and physical stability, and slow diffusion of radio-
active parents and daughters. It is amenable to multiple dating 
methods, including U-Pb, Th-Pb, U-Th-He, radiation damage, 
and U-series disequilibrium. Disequilibrium between long-lived 
intermediate daughters 230Th (half-life t½ = 75 690 a) or 231Pa 
(t½ = 32 760 a) and their respective parents 238U (magmatic 
fractionation between 234U and 238U assumed negligible) and 
235U ultimately impacts the abundance of radiogenic 206Pb, 207Pb, 
and He, and requires corrections for accurate age determination 
(e.g., Mattinson 1973). Zircon favors U over Th with a zircon-
melt partitioning coefÞ cient ratio DU/DTh ~6 (e.g., Blundy and 
Wood 2003) so that initial (230Th)/(238U)zircon (activities denoted by 
parentheses) is expected to be ~0.17. The resulting 206Pb deÞ cit 
is practically negligible within analytical precision for zircon 
crystals older than ~100 Ma and even for complete exclusion 
of initial 230Th can only amount to a ~108 ka age difference 
(Schärer 1984). By contrast, excess 231Pa has been frequently 
invoked as a source for strong 207Pb excesses in Pre-Quaternary 
or even Archean zircon crystals, including those of the oldest 
known terrestrial zircon (e.g., Anczkiewicz et al. 2001; Parrish 
and Noble 2003; cf. Wilde et al. 2001). In theory, the incorpora-
tion of strong 231Pa excesses in zircon could signiÞ cantly affect 
even old 207Pb/235U and 207Pb/206Pb ages.

Lattice strain models for zircon-melt partitioning of Pa5+ (Fig. 
1; Blundy and Wood 2003) are based on estimates for Nb5+ as 
a proxy for Pa5+. Published DNb = 0.34 and lattice strain param-
eters (apparent Young�s modulus E5+ > E4+ = 750 GPa and site 
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5+ = 0.91 Å; Blundy and Wood 2003) imply that 
the parabola for 5+ cations should be similar to the 4+ curve, 
and consequently Pa5+ is expected to be highly compatible in 
zircon (DPa/DU > 30; Fig. 1). Direct experimental constraints 
on zircon-melt partitioning of Pa, however, are lacking. The 
low abundance of 231Pa, high radioactivity and toxicity, and the 
absence of a stable Pa isotope impose such analytical and experi-
mental challenges that Parrish and Noble (2003) commented that 
the 231Pa isotope effects in accessory minerals �can be inferred 
only by the measurements of the decay products of 231Pa, not to 
the measurement of 231Pa directly� (p. 205). Here, I introduce a 
high-sensitivity and high-spatial resolution secondary ionization 
mass spectrometry (SIMS, ion microprobe) method for the direct 
determination of 231Pa in zircon. By applying this technique to 
young zircon crystals from a rhyolite with a Holocene eruption 
age, the Þ rst observational constraints on zircon-melt partitioning 
of Pa relative to U are obtained.

METHODS
Hand-picked zircon grains (typically 100�150 μm long) were epoxy-mounted, 

ground, and polished with SiC paper and 1 μm diamond paste, and Au-coated. Ion 
microprobe analysis on the UCLA Cameca ims 1270 used a mass-Þ ltered O� (O 
refers to 16O unless speciÞ cally noted) primary ion beam at ~60 nA and 22.5 keV 
impact energy, focused to a ~30 × 40 μm spot. Secondary ions were extracted at 
10 kV with an energy bandpass of 50 eV and detected with a high-resistivity (1011 
Ω) Faraday cup (FC) counting system for intensities >106 counts per second (cps) 
(typically for 232ThO+ and 238UO+) and with an ETP electron multiplier (EM) oper-
ated at ~2 kV for ion intensities <106 cps for all other masses. Count rates were 
corrected for EM dead time (25 ns) and FC baseline recorded on mass 247.5 during 
each measurement (~3 × 105 cps). FC-EM relative yields between 1.01 and 1.02 
were determined from the ratio of measured 238UO+/235UO+ to the 238U/235U atomic 
abundance ratio of 137.88 and used for correction of 230ThO+/232ThO+ ratios.

231PaO+ molecular ions are ~10 times more abundant than 231Pa+, similar to the 
behavior of U and Th atomic and molecular species in SIMS positive ion analysis of 
zircon. High-resolution mass spectra around mass 246 and 247 on natural zircons, 
synthetic cubic zirconia, hafnon, and the epoxy mounting medium indicate that a * E-mail: axel@argon.ess.ucla.edu


