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INTRODUCTION

Ferrobasalts found in the Craters of the Moon lava Þ eld in the 
Snake River Plain (SRP) and the ferrodiorites (jotunites) associ-
ated with massif anorthosites are remarkably similar in composi-
tion, and are characterized by a strong silica-depletion, Fe-Ti-P 
enrichment trend (FTP Rocks, Fig. 1: e.g., Frost and Frost 1997; 
Owens and Dymek 1992). Previous experimentalists successfully 
reproduced this trend by conducting crystallization experiments 
on a variety of tholeiitic starting compositions in graphite capsules 
with low bulk water contents at elevated pressures (~7�10 kbar, 
Litvin 2002; Scoates et al. 1999; Thompson 1975; Whitaker et 
al. 2007). Based on the use of graphite capsules in the reported 
experiments, an abundance of graphite within and near the 
Laramie Anorthosite Complex (LAC), and the experiments of 
Weidner (1982) showing that carbon greatly stabilizes liquids in 
the Fe-C-O system, Lindsley et al. (1999) proposed that carbon 
plays an essential chemical role in producing this trend. 

Whitaker et al. (2007) showed that equilibrium crystalliza-
tion of a single �dry� (0.05 wt% H2O) olivine tholeiite melt 
(10.62 wt% MgO) at 9.3 kbar (~30 km depth) gave rise to 
residual liquids that followed the same compositional trend as 
the ferrobasalts of the Craters of the Moon lava Þ eld in the SRP 
and the ferrodiorites found in the LAC. However, because the 
experiments reported in Whitaker et al. (2007) were conducted 
in graphite capsules, there were no means of distinguishing the 
effect of pressure on the liquid evolution paths from the effect 
of graphite (and hence C-O species dissolved in the melt). We 
report here the results of a parallel set of experiments at 9.3 kbar 
in which almost all conditions were identical, except that the 
sample was isolated from carbon in these experiments. 

EXPERIMENTAL METHODS

Experimental procedure
The starting material used here is the same nominally anhydrous olivine 

tholeiite (ICPP123-260, abbreviated I260) used in the experiments of Whitaker et 
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al. (2007). Experiments in this study were conducted in Pt capsules that had been 
pre-soaked with Fe° foil to prevent net transfer of Fe between sample and capsule 
during the experiment. Fe-loss changes the bulk composition as well as fO2 because 
the iron lost alloys with the capsule as metallic Fe°. The proper amount of Fe° foil 
used in the alloying process was determined iteratively with the goal that the sample 
should have neither gained nor lost Fe during the course of the experiment.

Capsules were cut from Pt tubing, and the bottoms crimped, welded, and ß at-
tened. A double-thickness of 0.0005� Fe metal foil was placed along the bottom 
of the capsule and around the inner diameter, leaving sufÞ cient room at the top for 
welding. These capsules were then evacuated, dried, sealed in evacuated silica-glass 
ampoules, and alloyed at 1250 °C for 6 h prior to using in experiments. The Fe° 
foil was consumed in this process, becoming part of the capsule wall. The sample 
material was then loaded into the capsule up to the top of the Fe-alloyed portion of 
the capsule, and a disk of Pt-foil that had also been pre-alloyed with Fe as above 
was placed Fe-side down on top of the sample material.

The Fe-Pt capsule was crimped shut and dried by placing the loaded capsule 
into a silica glass tube with an Fe° oxygen �getter� and glass spacer to keep 
them separated. This assembly was evacuated and heated for 20 min in a vertical 
furnace with a drying geometry such that the capsule was heated to 800 °C while 
the Fe° �getter� was at ~600 °C, to prevent oxidation of the sample while drying. 
After cooling, the dried capsule was welded shut, the top ß attened in a pellet 
press, and placed into a graphite outer sleeve to match as closely as possible the 
geometry of the cell assembly used in Whitaker et al. (2007). The cell assembly 
was then loaded into the ½� piston-cylinder apparatus and promptly pressurized 
to prevent re-adsorption of water. The bulk water content of a fused sample dried 
in this manner was found to be 0.05 wt% by micro-Fourier Transform Infrared 
Spectroscopy (FTIR).

Crystallization experiments were conducted using the piston-out method in 
which the pressure was slowly raised to a value approximately 2 kbar greater than 
the desired pressure of the experiment while still at room temperature; then the 
sample was heated to the melting temperature (1320 °C) before decreasing the 
overpressure. The sample remained at this melting temperature and pressure for 
4 h to ensure complete fusion, then was rapidly cooled to the Þ nal crystallization 
temperature of the experiment, where the sample remained for 2�3 days. Each 
experiment was quenched by turning off the power, resulting in an initial cooling 
rate of ~100 °C/s.

Analytical techniques
The major element compositions of all phases in experimental run products 

were determined by electron microprobe. Alkali loss during microprobe analysis 
was minimized by analyzing for Na and K Þ rst and keeping the beam on a large 
raster size until just before the analysis began. The absence of normative corundum 
(Cor) in all residual glass compositions suggests minimal alkali loss. All pyroxene 
and olivine analyses were projected through QUILF (Andersen et al. 1993) and 
checked for equilibrium whenever the assemblage permitted.* E-mail: matthewlwhitaker@aim.com


