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An in-depth look at the Fe rich liquidus in the
Fe-FeS system from | Bar to 14 GPa
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Abstract
Sulfur has long been indicated as a component in the iron rich cores of planetary bodies. As such it is important to
understand the change in the position and shape of the Fe-Fe$ liquidus through pressure in order to constrain core
conditions. Complicating attempts to do this is the presence of an interesting pathology that appears in the Fe rich side of
the | bar (10-4 GPa) Fe-FeS liquidus presented by Hansen and Anderko (1958). Negative curvature suggests the presence of
a metastable solvus near the liquidus, whichwhich seems to be the result of non-ideal liquid solution behavior. Brett and Bell
(1969) showed that at 3 GPa this pamulugy appeared to relax and the liquid solution became more ideal. In order to more
fully this igated the system at 6 GPa and modeled the liquid solution through 10 GPa using
an asymmetric Margules hrmuhtlon and found that this relaxation indicates a continued shrinking of the solvus. By 14 GPa
Chen (2007) shows that the liquidus re-kinks and thus reverts back to a structure similar to its shape at | bar. Our model
breaks down when the liquidus re-kinks at |4 GPa, requiring us to vary the WH term to model the values accurately.

The newly determined liquidus at & GPa, in conjunction with the previously determined | bar.3 GPa and 10 GPa liquidi
for the Fe-FeS system, shows an increase in the temperature separation of the crest of the solvus and the liquidus with
increasing pressure. The solvus crest grows higher in temperature with pressure and becomes more asymmetric, leaning
towards the Fe-rich end-member. Because the sclvus does not rise in temperature as quickly as the liquidus does, the
liquidus is less kinked with increasing pressure.The | bar,3 GPa, & GPa,and 10 GPa all cross at |642+20K and FeS36+1,
providing a compositional location that is pressure independent through 10GPa.The 14 GPa line deviates sharply from the
lower pressure trends indicating that the solvus is re-stabilized and grows with respect to the 14 GPa liquidus.

Summary

(1) From | bar through 6 GPa the eutectic remains constant in temperature and becomes more Fe rich in compasition.
After 6 GPa the eutectic no longer appears to be constant in temperature.

(2) As pressure increases from | bar to 14 GPa the melting temperature of Fe increases.

(3) Float experiments show that the accepted values for high pressure melting of Fe are low.

(4) As pressure increases from | bar to 10 GPa the liquidus relaxes, then by 14 GPa suddenly re-kinks.

(5} The 3,6,and 10 GPa liquidi cross the | bar liquidus at a fairly constant temperature of 1630 K and with a deviation of
no more than 3 we% Fe.

(6) The straightening out of the liquidus from | bar to 10 GPa appears to be associated with a negative excess volume.

(7) The shape of the liquidus from | bar to 10 GPa€an be modeled aceurately with an asymmetric form of the Margules
equations. By 14 GPa this is no longer the case.
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Additional Information

The image above shows the |bar, 3 GPa, 6 GPa,and 10 GPa liquidi and the solvi associated with them as derived using the W'
values from the table below.

The first 5 images on the left use the WG values listed in the table below to calculate a liquidus at each pressure of interest.

The W values reported below are applied using the relation WG=WH-TWS:

/. Using a single WH, WS, and WY value for
pressures from Ibar to 10 GPa results in reasonable liquidi up'lo GPa.By |

GPa this is no longer the case.

The last figure shows the best fit lines to the experimental data through pressure. The |-10 GPa liquidi pass through a single
PT point and appear to become more ideal with increasing pressure. By |4 GPa none of these relations appear to hold.
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