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Core formation in asteroids and planets has received considerable interest over the past few years. Current 
theories emphasize large degrees of silicate partial melting (>40-50 volume %) to facilitate the coalescence of 
dispersed metal-sulfide blebs and their subsequent sinking via gravity through the less dense silicate mush, e.g. 
[1,2]. This scenario is based upon observations from laboratory experiments which indicate that sulfide-metal 
liquids dispersed in partially molten silicate tend to form circular blebs [3,4]. However, recent experiments by 
Herpfer and Larimer [5] indicated that some Fe-sulfide liquids (particularly eutectic Fe-S) have wetting angles at 
and, in some cases, slightly below 60 degrees when dispersed in an olivine aggregate. Traditional theory on the 
distribution of liquid phases W r s e d  along the grain edges in polycrystalline aggregates suggests that when the 
liquid phase contacts a solid grain boundary, the wetting or contact angle which develops is based upon the balance 
of the interfacial energies between the liquidsolid interfaces and the solidlsolid interface [6,7]. When this wetting 
angle is below 60 degrees, the liquid forms an interconnected network along the solid grain edges (hes where 
three grain meets) and if the wetting angle exceeds 60 degrees, the liquid will become isolated and grain corners 
(points where four grain edges intersect). However, as discussed by von Bargen and Waff [8], this simplified 
model is only good at small melt fractions where the theoretical geometries hold. In systems with wetting angles 
higher than 60 degrees, as the liquid volume is increased, liquid phase interconnectivity will occur after some 
critical liquid volume fraction has been exceeded. This critical volume fraction of liquid was shown to depend upon 
the wetting angle and the closer that angle is to 60 degrees, the lower the liquid phase volume needed to establish 
interconnectivity[8]. Therefore, it is not only important to evaluate the wetting angle of any metal-sulfide liquid 
phase for interconnectivity, but the volume of the liquid present must also be considered. 

Experimental: Experiments were undertaken to measure the contact angle of Fe metal dispersed in an olivine 
aggregate and to determine the volume fraction of metal at which interconnectivity occurs. Because Fe is 
electrically conductive, a simple resistance continuity check was used to determine if the metal grains were 
interconnected. In addition, solid Fe-metal is geologically relevant and is known to have a very large contact angle 
with olivine grain boundaries from our previous experiments. Even though the Fe-metal was solid at our run 
conditions, the same rules of balanced interfacial energies apply. Two groups of experiments containing 10 vol.%, 
25 vol.%, and 35 vol.% Fe-metal (99.99% pure) were performed. The first group contained San Carlos olivine 
which had been powdered and sieved to an average grain size of about 50 microns. For the second group, the 
olivine powder was sieved below 50 microns then ground under acetone to a fine grain size (< 20 microns). The 
coarser group was intended to simulate the situation in which textural adjustment had begun but an equilibrium 
texture had not been attained. In contrast, the fine-grained powder was expected to approach textural equilibrium 
in the two week run duration. Sample containers for the powders were made of crushable alumina with a sample 
chamber size of 1.5mm by 3mm. A standard piston cylinder assembly was used with a Pt-10%Rh thermocouple 
located less than lmm from the sample. The temperature gradient over the sample is estimated to be no more than 
10°C. The experiments were run in the piston cylinder apparatus for two weeks at 10 kb pressure and 1150°C. 
After each run, the samples were sectioned and polished. SEM photos of the polished sections were used for angle 
measurements. Electrical continuity tests were performed on the polished sections using a simple multimeter. 

Results: The microstructure obtained in the coarse-grained olivine 10 vol.% metal experiment is shown in 
Fig. la. It is apparent from the angular nature of the grains and the random distribution of the metal phase, that 
the sample has not approached textural equilibrium. Fig. lb shows the fine-grain 10 vol.% metal experiment. In 
contrast, the metal in this experiment appears to have approached textural equilibrium based upon the more 
uniform distribution of the metal and the well formed contact angles at grain boundaries. Electrical continuity 
tests on the 10 vol.% coarse-grain sample show a complete electrical circuit from one end of the sample to the 
other and, therefore, a interconnected metal pathway must exist. The 10 vol.% metal fine-grained experiment did 
not show electrical continuity, suggesting that as the texture approached equilibrium the metal became isolated at 
grain corners as predicted by theory. The results from the 25 vol.% (both coarse and fine-grained) and 35 vol.% 
(coarse-grained only) metal experiments showed that all the samples had electrical continuity throughout. This 
result suggests that the critical metal fraction for this system lies between 10% and 25%. In addition, our results 
also suggest that even a low metal fraction like 10 vol.% will remain interconnected until an equilibrium texture 
develops. 
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Next, olivindmetal contact angles were measured for the different experiments. Because the SEM photographs 
revealed that the coarse-grained experiments had only begun to adjust their texture, no coarse-grain angle 
measurements were taken. However, contact angles were measured on both of the fine-grained experiments. For 
the 10 vol % metal experiments, 100 angles measurements yielded a contact angle of 107 degrees. Similarly, for 
the 25 vol.% metal experiment, 100 angle measurements yielded a contact angle of 110 degrees. The two angle 
values are well within the estimated error of +I- 10 degrees, suggesting that a near equilibrium texture had been 
approached in both samples. 

Discussion: The results of our experiments confirm that even at large wetting angles, after a critical volume 
fraction of secondary phase has been exceeded, secondary phase interconnectivity will occur. Even with the large 
contact angle (1 10") our experiments, interconnectivity occurred between 10-25 vol.% of metal. In light of 
recent metal-sulfiddolivine wetting angle measurements [5],[9] yielding wetting angles in the range of 60-80 
degrees, sulfide melt interconnectivity may occur at relatively low volume fractions (possibly <5 vol.%) [[8. Once 
liquid interconnectivity has been established, the liquid should remain interconnected until enough liquid is 
segregated to decrease the volume fraction of liquid below the critical limit. Therefore, substantial sulfide-metal 
liquid segregation may occur at relatively low melt volumes and substantial silicate melting may not be necessary. 

Finally, the point of our experiments is not to propose or jush@ a particular scenario for core formation, but to 
emphasize the complexities of the competing processes that probably occur during core formation. 
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