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Solubilities. During the last few years we have studied the effects of oxygen fugacity and temperature on the 
solubilities of Ir [1,2], Pd [3], Au [4,5] and Pt [6] in silicate melts of anorthite-diopside eutectic composition. The 
experiments were made at 1 atm total pressure with a loop technique in a furnace with controlled f02  . Metal 
concentrations in the quenched glasses were analyzed by INAA. The main finding was that HSE concentrations 
decrease with decreasing f02  , implyings that HSE are dissolved in silicate melts as oxides and not as metals. From 
the slope of log (solubility) vs. log f02  , apparent valences of HSE in silicate melts can be determined. Formal 
valences of 1+ were found for Ir, Pd and Au at a wide range of f02's. These valences are much lower than the most 
stable solid oxides (Ir02 , PdO) would suggest. At oxidizing conditions an apparent valence of Pt of 2+ was 
obtained. However, extrapolations of Pt solubility data to low f02's are uncertain. Additional experiments are 
currently under way. 

All experimental results were recalculated to a single temperature and are schematically shown in the Figure. 
According to the solubility data, the HSE can be divided into two groups: Pd-Au and Ir-Pt, with a difference in the 
solubility levels between these two groups at reducing conditions of about 3 orders of magnitude. 

eE (iron metdsilicate melt). The HSE-solubilities were extrapolated to high temperatures and low oxygen 
fugacities (IW-2), relevant for Earth core formation. Corresponding metaysilicate partition coefficients (Table 1) 
were calculated according to the equation: Di (Fe/melt) = l/(ci xyi xAi ), where ci is the solubility in equilibrium 
with pure i-metal, yi is the activity coefficient of metal i in Fe-metal and Ai is a coefficient for converting mole 
fractions of metal i in Fe-metal into weight fractions (see [3], for details). Values of activity coefficient of HSE in 
Fe-metal at 1350°C were taken from [7,8]. At 3000 K and 4000 K they were assumed to be unity. The comparison 
shows extremely different behaviour of these two groups of HSE, both at moderate temperature and at very high 
temperatures. Murthy in his model of global mantlelcore equilibrium [9], suggested that all DHSE approach the same 
low values at high temperatures. This is, however, incompatible with our finding. For example, the ratio of Dh /DPd 
of lo5 -lo4 can never impose a chondritic Ir/Pd ratio on upper mantle rocks. 

Sulfiddsilicate and metdsulfide partitioning. The partition coefficients of Ir, Pd and Au between sulfide and 
silicate melts, obtained experimentally by Bezmen et al. [lo] and our metausilicate partition coefficients, 
recalculated to the same T-f02 -conditions are given in Table 2. Similar values for DAu and DPd , and much higher 
values of Dk for both data sets may indicate that solubility of HSE in silicate melts is the main factor controlling the 
values of D~~~ for both metausilicate and sulfide/silicate equilibria. 

Both sets of partition coefficients were used to calculate metaysulfide partition coefficients (Table 2). The calculated 
DHSE (metausulfide) are all relatively high, reflecting the strong preference of the metal phase for HSE. Although 
these DHSE (metaysulfide) were recalculated from high temperature experimental data, they are only valid at low 
temperatures, where sulfide composition in equilibrium with metal is close to stoichiometric FeS. In the Acapulco 
meteorite where troilite is in equilibrium with metal, gold concentrations were measured in both phases (Table 2 in 
[ l l ] ) .  The DAu , calculated from these data (-420) is within error limits, the same as calculated from experimental 
data (-490). Only an upper limit could be determined for Ir in the troilite, resulting in Dk > 400. Jones et al. [12] 
reported DPd (metaytroilite) of about 150 in agreement with our DPd = 155. 

The calculated D~ (metallsulfide) is very high, mainly because of the high Dh (metaYsilicate). Literature data on Dk 
(metausulfide) also suggest high values. Application of an equation, suggested by Jonses and Jurewicz [13] for high 
S contents in sulfide melt (S > eutectic i.e. 44 at.%) yields a value for Dk > lo4 . Experimental data by Fleet and 
Stone [14] give, for S-rich assemblages Dh (Ir-rich metaysulfide), values from lo2 to lo3. However, considering 
differences in the values of activity coefficients between the experimental Ir-rich metal (yh - 0.77) and natural Ir- 
poor metal (yk - 0.01), the Dk (metausulfide) would have to be increased to lo4 - lo5 . 

It is obvious, that these calculated metaYsulfide partition coefficients (Table 2) cannot be used at high temperature, 
where sulfide melts, in equlibrium with metal (see phase diagram in [15]) are low in sulfur. In the experimental 
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determinations of sulfide/silicate melt partition coefficients sulfide contains at least 44 at.% S. Sulfides with excess 
iron may behave very differently, as was shown by Lodders and Palme [16] for Mo and W. A systematic decrease of 
DMO (sufide/silicate) from about 200 at Fe70 S30 to 60 at Fe50 SS0 reflects a corresponding 2.5 time increase of 
DMO (metausufide) even for the relatively small change of the sulfide composition. 

The HSE show a similar behavior. As it was shown by [13], at the melting point of pure metal (S = 0), D(so1id 
metallliquid metal) for Ir, 0 s  and Re approach a single value of about 1.5. According to [17], DAu (solid metallliquid 
metal) is also not far from unity, about 0.4. Thus, with decreasing temperature (increasing sulfur content in 
coexisting sulfide melt) the ratio Dk IDAu (metallsulfide) varies from about 4 at the melting point of pure metal up 
to about 2000 at the Fe-FeS eutectic temperature. 

The high metausulfide partition coefficients for HSE may be useful in indicating the extent of thermal metamorphism 
on a meteorite parent body. In the solar nebula sulfides form by reaction of H2S with metal containing approximately 
chondritic abundances of Ir, Au etc. Sulfides in Allende are, therefore, high in these elements (3.07 ppm Ir, 0.14 
ppm Au, B.Spette1, priv. communication). Sulfides in iron meteorites have, however, much lower contents of Ir, 
below 10 ppb [18]. 

Table 1. Metausilicate melt partition 
coefficients at f 0 2  =IW-2 

Table 2. MetaVsulfide/silicate melt partition 
coefficients at 1300°C and f 0 2  a t ,  
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Fig. Effect of f 0 2  on HSE solubilities in 
silicate melts (AnDi eutectic composition) at 
1350°C 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


