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Metal-silicate partition coefficients for Sn were measured at 1 bar and 1260°C. Highly non-linear behavior 
on a logD vs. l o g f a  plot was found. A quaternary solution model for the metallic phase, a Ni-Fe-Sn-Ge solid 
alloy, was formulated yielding activity coefficients for Sn that linearize the data and reveal the participation of sn4+ 
at high f02 and sn2+ at low f02. 

Introduction To correctly interpret the record of core 
formation left in planetary mantles by siderophile ele- 
ments we need to understand the important influences 
on metal-silicate equilibria. Since partitioning between 
metallic and oxidized phases can usually be shown to be 
governed by a redox reaction, one of the most important 
variables is oxygen fugacity, f02. A metal-silicate par- 
tition coefficient, D, is customarily parameterized on a 
logD vs. logf02 plot because the valence change ac- 
companying the partitioning is available from the slope 
on such a plot. Eqn. 1 gives the functional dependence 
of the redox partitioning reaction on fO2: 

It is usually assumed that the last two terms, the stan- 
dard free energy change of the redox reaction and the ac- 
tivity coefficient ratio of siderophile element, M, in 
metal and silicate are constants. The rationale is that 
the trace elements are very dilute so Henry's Law can be 
expected to hold, and alloys of interest, Ni-Fe, exhibit 
only slightly non-ideal solution thermodynamics so that 
the metallic phase should provide a relatively constant 
host. In general, the above assumptions work well, but 
not always, as we illustrate below for the case of Sn 
partitioning. 
Methods We examined metal-silicate partitioning be- 
havior of Sn in experiments conducted in one atmo- 
sphere MoSi2-element furnaces at 1260°C. 
Experiments were similar in design to those of [I] and 
[2]. Metal-silicate charges were contained in alumina 
crucibles and held in evacuated silica glass tubes during 
runs of 3 to 10 days. Because of the volatility of Sn 
compounds we modified the usual assembly to include a 
solid silica glass rod ring-sealed into the evacuated silica 
tube such that it reduced the available free volume and 
confined all chemical species to the isothermal zone of 
the sample. 

In most runs, oxygen fugacity was set by redox 
equilibria of the isolated metal-silicate assemblage. Ni 
contents of charges were adjusted to produce various Fe- 
Ni alloys in our run products allowing different f 0 i s  to 
be set. Experimental f02's were calculated from ther- 
modynamic data of [3] for iron-wiistite (IW) and Fe 
contents of coexisting metal and silicate glass as 
outlined in [I]. Several runs used metal-oxide buffers 
contained in separate crucibles to reach lower f02's. 

Starting materials were: 1. oxide mixtures contain- 
ing 11 wt% CaO, 7 wt% MgO, 13 wt% A1203, 50 
wt% Si02, 19 wt% FeO (added as Fe203) which ap- 
proximated a basaltic liquid, 2. granular NiS, 3. Fe and 
Ni metal powders, and 4. Sn02 and usually Ge02 
(results for Ge not reported here) dopants added in the 
low wt% level. 

Solid metalhiquid silicate partition coefficients 
were measured by electron microprobe (Cameca SX50) 
analysis of coexisting phases. We operated at 15kV and 
20 nA for major elements. For low level analysis of 
Sn in the silicate, high beam currents (200 nA) and 
long count times (300 s) were used on the L a  peak of 
Sn. This allowed us to detect 50 ppm Sn at the three 
sigma counting statistical level. 
Results' and Discussion Elemental weight ratio 
solid metalhiquid silicate partition coefficients for Sn 
are plotted in Fig. 1A against f02 on a log-log plot. 
Unfilled circles r e p e n t  our experimentally determined 
partition coefficients. Unusual non-linear behavior is 
exhibited. The slopes are too shallow for common oxi- 
dized species of Sn, and, in one region of logf02, the 
slope even changes sign. 

Insight into these peculiar results can be found in 
the binary phase diagrams of Fe-Sn and Ni-Sn, Figs. 
2A and 2B. Note that they are extremely different. Fe- 
Sn contains a miscibility gap, whereas Ni-Sn contains 
high temperature intermetallic compounds. Although 
our experiments pertain to the fcc y phase on the Sn- 
poor sides of each diagram, we can expect that the 
chemical interactions leading to the vastly different 
topologies shown in the centers of the diagrams are also 
relevant in solid solutions of y phase. 

To account for these disparate interactions we for- 
mulated a simple solution model for alloys in our ex- 
periments in which only binary interaction coefficients 
were considered 

where the sum is over distinct combinations of XiXj .  
Coefficients Ag were obtained from the metallurgical 
literature and values for 1260°C are in Table 1. 
Activity coefficients for Sn in experimental alloys were 
calculated using this model. 

Fig. 1A plots these activity coefficients as filled 
symbols. Note the nearly 4 order of magnitude change 
in activity coefficient of Sn for Fe alloys ranging from 
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Examination of binary phase diagrams Ni-M and 
Fe-M reveals important topological differences for M= 
Cu, C, and Pb. In these cases we can also expect trace 4 
element activity coefficients to vary significantly across 
Fe-Ni. 

- .- 
Table 1. Interaction coefficients for 1260°C Sn, Fe, Ni, 

u, 2 

Ge alloys, where only one Aij is given Aij=Aji. 
3 
€ 5  

AsnFe 2.07 ANiFe -0.4 
ASnNi -7.87 A s ~ G ~  0.21 ? O  
ANisn -1.59 A N ~ G ~  -7.32 0 

-1.22 -7.32 0 
A F ~ N ~  A F ~ G ~  

- 
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Ni-absent to high-Ni. It is indeed a bad assumption that 
Ni-Fe alloys provide an energetically constant metallic 4 
host. 

Calculated Sn activity coefficients are combined 
with measured partition coefficients in Fig. 1B where 
the metal-silicate chemistry of Sn becomes obvious. 2 -  

The linearized partition coefficients in Fig. 1B show 
two distinct trends with differing slopes. Although the 4 
low f02 trend is, so far, only two points, the slope is O, 0- 

0 -0.49 and for the better constrained high f02 trend the - 
slope is -1.0. These results indicate that both sn2+ and 
sn4+ are participating species. The dashed line in Fig. - 

1B was fitted to a two-parameter equation, Eqn. 3, 
where fitted parameters are related to equilibrium 
constants for the reduction of SnO and SnO2 (see [41). 
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