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INTRODUCTION

Short-lived radioactive isotopes provide unique information 
about time scales of melting and magma transport processes 
that operate in the Earth�s crust and mantle. Any differentiation 
process that chemically fractionates parent and daughter elements 
from a decay chain will produce secular disequilibrium in which 
the activity ratio of the parent and daughter isotopes differs from 
unity. After approximately Þ ve half-lives of the daughter isotope, 
secular disequilibrium can no longer be measured and the decay 
rates of the parent and daughter are again equal. Because the 
half-life of 226Ra is ~1600 years, (226Ra)/(230Th) disequilibria 
produced within the past 8000 years may be preserved, making 
it an important chronometer of recent magmatic activity.

Successful interpretation of 226Ra-230Th disequilibria in igne-
ous rocks relies on our understanding of its partitioning behavior 
between minerals and melts. Unfortunately, no stable isotopes 
of radium exist with which to easily determine such partition-
ing. Because of the technical challenges involved in conducting 
experimental partitioning studies with Ra concentrations high 
enough to be measured in situ, our knowledge of Ra partitioning 
has been restricted to phenocryst/glass analyses of natural rocks 
producing apparent DRa values (Cooper et al. 2001) and modeling 
that either assumes Ra partition coefÞ cients to be comparable to 
those of barium (e.g., Reagan et al. 1992; Schaefer et al. 1993; 
Volpe and Hammond 1991) or employs lattice strain theory and 
partition coefÞ cients of other divalent elements to approximate 
DRa (Blundy and Wood 1994, 2003).

Partitioning behavior of radium between feldspars and co-
existing melts is of particular importance because the large M 
site of the feldspar structure is one of the few sites in common 
crustal minerals able to accommodate signiÞ cant amounts of Ra, 
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which has an ionic radius of 1.48 Å in eightfold coordination 
(Shannon 1976). The presence of feldspar potentially can inß u-
ence (226Ra/230Th) disequilibria in magmas generated at pressures 
below ~1.5 GPa within the plagioclase lherzolite stability Þ eld of 
the upper mantle (Presnall et al. 2002), whether the disequilibria 
arise from source melting or from diffusive reaction of rising 
melts with gabbroic cumulates (Saal and Van Orman 2004; Van 
Orman et al. 2006). Dufek and Cooper (2005) demonstrate how 
lower crustal amphibolite dehydration melting involving plagio-
clase can generate and sustain radium excesses in arc magmas 
by incongruent continuous melting. Crystallization of feldspars 
within magma chambers in the shallow crust will further affect 
226Ra disequilibria by preferentially removing radium from melts 
and either reducing the magnitude of 226Ra excess relative to 
230Th or even developing a 226Ra deÞ cit (e.g., Condomines et al. 
1995; Zellmer et al. 2000).

EXPERIMENTAL METHODS
The starting composition was mixed from reagent oxides and CaCO3 and ground 

under ethanol in an alumina mortar for 5 h. The mixture was heated in air in 200 
°C/h steps and held at 1000 °C for 24 h before fusing in a Pt crucible at 1450 °C. 
The fused glass was reground under ethanol for 1 h. A 0.5 g aliquot was spiked with 
Ba and Sr solutions to achieve concentrations of approximately 100 ppm each. The 
material was dried, re-fused, and ground again under ethanol for 30 min. A fused 
glass of this starting composition (sample 2-1*-GL) was analyzed for major element 
content by electron microprobe and for Sr and Ba by SIMS. Additionally, a bead 
of this material, also not spiked with Ra, was run through the same experimental 
crystallization protocol described below, as a blank (sample 2-1*-1).

In a glove box positioned within a fume hood, approximately 2.5 μCi of 226Ra 
in 5 M HNO3 solution was added to 150 mg of the Ba- and Sr-spiked starting mate-
rial on a Teß on watch glass. The mixture was dried under a heat lamp, formed into 
a bead with polyvinyl alcohol (PVA), and transferred onto a wire mesh platform 
~1 cm in diameter. The bead was air-dried overnight and then placed near the top 
of a 1-atm Deltech vertical mufß e furnace at ~170 °C for 4 h to ensure dryness. It 
was then fused for 1 h at 1430 °C and air-quenched. The glass bead material was 
removed from the platinum wire mesh in the glove box using a percussion mortar 
and tweezers. The separated glass was powdered in an agate ball mill to produce the 
radium-spiked starting material. * E-mail: smiller@gps.caltech.edu


