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INTRODUCTION

Over the past 15 years, melt inclusions have become an im-
portant tool for petrologic and volcanologic studies (e.g., Cer-
vantes and Wallace 2003; Danyushevsky et al. 2002; Kamenetsky 
et al. 1997; Kent et al. 2002; Nielsen et al. 1995; Saal et al. 1998; 
Sisson and Bronto 1998; Sisson and Layne 1993; Sobolev and 
Shimizu 1993), providing direct (and indirect) constraints on 
primitive melt composition, volatile concentration, and tempera-
ture at the time of entrapment within phenocryst phases. One 
important issue that must be dealt with for study of many melt 
inclusions is that of post-entrapment crystallization and the need 
to accommodate the effects of the crystallization of a range of 
daughter mineral phases. In addition, even where inclusions may 
appear glassy, substantial crystallization of the host mineral onto 
the walls of the inclusion commonly also occurs (Danyushevsky 
et al. 2002). To reconstruct the composition of the trapped melt 
by re-equilibrating the trapped melt with the host mineral, and 
to provide a homogenous glass for microbeam-based analytical 
techniques, crystallized inclusions are often rehomogenized. 
This procedure involves reheating the phenocrysts to the melt 
liquidus (trapping) temperature to re-dissolve daughter crystals 
and crystallized host mineral into the melt, followed by rapid 
cooling to quench to a glass. Rehomogenization is typically done 
using a high temperature microscope stage (Danyushevsky et al. 
2002), or via heating of mineral grains containing inclusions at 

controlled redox conditions in a 1 atm furnace (e.g., Nielsen et 
al. 1998; Danyushevsky et al. 2002). Both techniques have their 
advantages and disadvantages: rehomogenization by microscope 
heating stage requires specialized equipment and is less time-ef-
Þ cient as it is limited to heating individual grains during a single 
experiment, whereas furnace heating uses more widely available 
equipment (generally gas-mixing furnaces) and allows treatment 
of multiple grains (up to several 100 depending on grain size) at 
a time. However, microscope heating stages allow direct obser-
vation of each inclusion as it homogenizes, providing a means 
to measure the trapping temperature and information about the 
liquid line-of-descent (Danyushevsky et al. 2002). Rehomog-
enizing via a furnace requires that the trapping temperature be 
estimated independently, and all inclusions in a single experi-
ment are homogenized at the same temperature. Moreover, it 
is also generally assumed that small differences between the 
homogenization temperature and that of inclusion trapping can 
be corrected for numerically by addition or subtraction of the host 
mineral until equilibrium is obtained. For olivine-hosted inclu-
sions, this correction is generally done by incrementally adding 
or subtracting olivine until the inclusion and host mineral are 
in Fe-Mg exchange equilibrium (e.g., Sobolev and Chaussidon 
1996), however, this also assumes that compositional changes in 
the inclusion over a range of homogenization temperatures are 
only controlled by equilibrium with the host mineral.

In addition, and regardless of the heating method used, previ-
ous studies also have identiÞ ed several further complications that 
may arise both through re-equilibration prior to eruption and dur-* E-mail: rowem@geo.oregonstate.edu
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ABSTRACT

Iron concentrations in rehomogenized (remelted) melt inclusions hosted in forsterite-rich olivine 
(Fo88�92) from an alkalic lava have signiÞ cantly higher Fe contents (FeO* up to 21 wt%) than found in 
naturally quenched inclusions, matrix glasses, and bulk lava compositions (6.21�6.66 wt% FeO*). The 
main objectives of this study were to: (1) determine the source of the anomalous Fe concentrations, 
and (2) evaluate the signiÞ cance of this signature with respect to rehomogenization of melt inclu-
sions. Heating experiments conducted from 1125 to 1225 °C on crystallized inclusions show that Fe 
and Mg contents in rehomogenized inclusions increase with homogenization temperature, consistent 
with dissolution of olivine + magnetite in a 1:1 atomic ratio. The dissolution of magnetite contributes 
signiÞ cant excess Fe to the homogenized inclusions, and thus the high FeO* contents of the glasses 
do not reß ect the original composition of the trapped melt. The addition of excess Fe also dilutes the 
concentrations of other major elements, especially evident in SiO2, Al2O3, and CaO wt%. 

Although the cause of magnetite formation in the inclusions is unresolved, two models (H+ diffusion 
and co-entrapment of magnetite) for the formation of signiÞ cant volumes of magnetite are considered. 
One of the most signiÞ cant conclusions for this study is that magnetite formation occurred prior to 
rehomogenization and that the magnetite did not result from post-entrapment fractional crystallization 
of the inclusion. For these inclusions, a correction must be made for the dissolution of magnetite (± py-
roxene) and olivine to the silicate melt to accurately reconstruct the original Fe content of the melt.
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