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Introductiori. Core formation processes are controlled by the mobility of Fe-Ni-S-0 liquids 
in the Earth's upper mantle [I]. Existing experimental data are inconclusive as to whether 
conditions exist under which olivine/sulfide melt dihedral angles are low enough that sulfide will 
be mobile in mantle peridotite at small melt fractions [2-51. Here we report experiments that 
investigate the effect of variable foZ/ fS2 conditions on olivine/sulfide melt wetting characteristics. 
Our experimental results demonstrate that the oxygen content of the sulfide melt represents a 
major control on olivine/sulfide melt interfacial energy. As the 0 content of the sulfide melt 
increases the interfacial energy decreases, leading to lower dihedral angles. At fW/fs2 conditions 
relevant for the present-day upper mantle the dihedral angle is low enough (53') that sulfide 
melt will form an interconnected network at all melt fractions. Therefore, sulfide melt will be 
able to segregate efficiently from an olivine-rich matrix via porous flow. At foz/fs2 conditions 
reducing enough to stabilize metal, the olivine/sulfide melt dihedral angle is high (86'). At these 
conditions a significant amount (-6 ~01%) of sulfide will be trapped in isolated pockets, limiting 
the efficiency of percolation as a transport mechanism. 

Experintental and Analytical Methods. Experiments were performed at 1 atm in crucibles 
fabricated from San Carlos olivine ( F o ~ ~ . ~ ~ ) ,  with fo2 and fs2 controlled by mixing Cozy CO, and 
SO2 gases. The starting composition was a 30:70 mixture of synthetic FeS and powdered San 
Carlos olivine. Experiments were performed at 1350°C, with fm ranging from 1 log unit below 
the fayalite-magnetite-quartz oxygen buffer to 0.1 log unit below the iron-wiistite oxygen buffer 
and fs2 ranging from 1.6 to 2.6 log units above to Fe-FeS sulfbr buffer. Olivine/sulfide melt 
dihedral angles were determined for each experiment by matching a theoretical distribution to 
the distribution of 200 measured angles [6]. Measurements were made using high- 
magnification, reverse-polarity SEM images. The compositions of experimental products were 
determined by electron microprobe at MIT. The duration of experiments was varied from 24 to 
216 hours. The dihedral angles measured in short and long duration experiments were not 
significantly different, indicating rapid textural equilibration. 

Results and Discussio~i. The sulfide melts produced in our experiments consist dominantly 
of Fe, S, and 0 ,  with small amounts of Ni, Mn, and Cr derived from the San Carlos olivine 
starting material. The 0 content of the melt increases and S decreases as the fo2/fS2 ratio of the 
experiment increases. The olivine composition varies systematically from FoW in the high fm/fs2 
ratio experiments to Fogs in the experiments performed at more reducing conditions.. This 
change results from a variation in the olivine/sulfide melt partitioning of Fe with varying fm/fs2 
conditions. The amount of oxygen dissolved in the sulfide melt has a dramatic effect on 
olivinelsulfide melt wetting characteristics. At low fo2/fs2 ratios the sulfide melt is characterized 
by relatively high S (38.3 wt%) and low 0 (0.91 wt%). The dihedral angle at olivine-olivine- 
sulfide melt triple junctions in these experiments is 86k5'. At these conditions, sulfide melt will 
remain trapped as isolated pockets until the melt fraction exceeds -6 vol%, and an 
interconnected network is formed [7]. At higher foz/fsz ratios the sulfide melt is characterized by 
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lower S (25.8 wt%) and higher 0 (8.5 wt%). The dihedral angle at olivine-olivine-sulfide melt 
triple junctions in these experiments is 53+5O, indicating that sulfide will form an interconnected 
network even at the lowest melt fractions [7]. 

Our experimental results provide important first order constraints on the process of core 
segregation in the early Earth by allowing estimates of the amount of liquid that will be trapped 
during percolation of sulfide melt through an olivine-rich matrix at different fo2/fs2 conditions. 
The amount of trapped material predicted for reducing conditions is more than twice that 
allowed by the inefficient core formation model 181. This trapped sulfide melt would result in an 
upper mantle with siderophile element abundances that are higher than the observed values, as 
well as exacerbating the excess S problem noted by Jones and Drake [8]. Efficient extraction of 
sulfide at reducing conditions can only be accomplished in the presence of a significant amount 
of silicate melt. Our results indicate, however, that if differentiation of the core took place at 
fo2/fs2 conditions comparable to those of the present day upper mantle [9,10], sulfide would 
have segregated efficiently from the shallow mantle. An alternative core formation hypothesis 
states that a chondritic veneer added to the Earth during the final stages of accretion is 
responsible for both the elevated abundance of siderophile elements and the relatively high fez 
conditions in the present-day upper mantle [I 1,121. Our results demonstrate that as this veneer 
is added and the foz/fs2 ratio of the mantle approaches present-day values, segregation of sulfide 
melt will become a more efficient process. Our results also have important implications for the 
0 s  isotopic composition of upper mantle rocks. If sulfide melt fractionates Re from Os, as is 
currently thought, then the ability of even very small amounts of sulfide to migrate via porous 
flow can produce local variations in the ReIOs ratio of the mantle. Over time, this could explain 
the observed heterogeneities in the isotopic composition of 0 s  in mantle-derived rocks [13]. 
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