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Introduction:  Metal segregation und subsequent 

formation of an FeNi core is the major differentiation 
process in large planets such as the earth, but metal 
separation and aggregation will also occur in smaller 
planetsimals such as asteroids. Core formation implies 
partial or full equilibration of core forming FeNi with 
liquid silicates, implying partial or complete redistri-
bution of siderophile elements between metal and sili-
cates. This also occurs for the major components of 
molten silicates such as SiO2 which will be partly re-
duced and partition into core forming metal. Most 
groups of iron meteorites are thought to be derived 
from metal cores or metal aggregations that formed 
during melting of planetesimals. The Si content of 
iron meteorites should thus record the conditions that 
prevailed during metal-silicate equilibration. The 
quantification of this process requires a better under-
standing of the partitioning of Si between metal and 
silicate which depends on temperature, oxygen fuga-
city, silicate composition and nickel content of the 
alloy. One additional parameter that is not well known 
is the activity coefficient of Si in FeNi-alloys. Litera-
ture data [1] only exist for very high Si concentra-
tions, much larger than expected for iron meteorites 
[2]. We therefore performed experiments at lower Si-
concentrations and at various temperatures and alloy 
compositions to determine the activity coefficients of 
silicon in iron-nickel alloys.  

Experimental: Silicates consisting of an eutectic, 
quartz saturated anorthite-diopside-quartz-mixture 
were equilibrated with FeNi-loops in one atmosphere 
furnaces with controlled oxygen fugacity. The alloy 
composition was varied from pure iron to pure nickel. 
Temperature ranged from 1300 to 1400°C. After 
equilibration times of 2 to 3 days, samples were 
quenched to glass by quick removal from the furnace, 
polished sections were prepared and metal and sili-
cates were analyzed with the EMP. The oxygen fuga-
city was controlled with CO/CO2 gas mixing and 
measured with an yttrium-oxide-stabilized zirconium-
oxide sensor. The f(O2) was also determined by meas-
uring the FeO-content in the silicate glass and calcu-
lating the f(O2) according to the reaction:  

Fe + 0.5 O2 → FeO  (eq. 1) 
In the calculation activity of FeO in silicate melts an 
activity coefficient of 1.7 was used according to [3]. 
Both methods for the determinations of f(O2) agreed to 

within 0.1 log units at 1400°C and 1350°C, and to 
within 0.4 log units at 1300°C.   

Due to the low silicon content in metal, high probe 
currents of approximately 1.5 µA, voltages from 10 to 
15 kV and beam diameters from 10 to 20 µm were 
used. Silicon concentrations in metal varied from 
140 ppm to 7600 ppm. In all cases Si profiles through 
the metal loop (0.1 mm metal foil thickness) were 
measured. Only experiments without zoning of Si in 
metal were considered. 

Results: From the mass fraction of silicon in the 
alloy measured by EMP γSi

FeNi was calculated by the 
following equation:  

 
 

 
 
 
(eq. 2) 

 
(MSi and MFeNi  are molar masses of Si and the 

FeNi-alloy, respectively; f(O2) is the oxygen fugacity; 
p° standard ambient pressure (1 bar); wSi

FeNi mass 
fraction of Si in FeNi (wt %); ∆rG free enthalpy of the 
reaction SiO2 → Si + O2; R molar gas constant; T 
temperature in K).  

The results for the activity coefficients are given in 
Table 1 and displayed in Fig.1. In calculating the er-
rors given in Fig. 1, statistical counting errors, errors 
from oxygen fugacity and temperature were consid-
ered.  

The results at three different temperatures show a 
strong dependence of γSi

FeNi on the Ni content of the 
alloy. The γSi

FeNi of the 1400°C data decreases by more 
than an order of magnitude from pure Fe to pure Ni. 
The shape of the 1350 and 1300°C data deviates 
somewhat from the 1400°C data. At low Ni contents 
the γSi

FeNi increases with increasing Ni content up to 
10 wt% Ni and with further increase in Ni decreases 
parallel to the 1400°C data. The low Ni experiments 
at 1350°C were repeated, and the same results were 
obtained within error limits.  

In addition to the decrease of γSi
FeNi with increasing 

Ni contents there is also an increase of γSi
FeNi with 

increasing temperature. The increase is stronger in 
low Ni alloys, where a temperature increase from 
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1300 to 1400°C leads to an increase in γSi
FeNi by a fac-

tor of ten. 
The activity coefficients determined here differ by 

a factor of about 2 compared to those obtained by 
Bowles et al. [1]. These authors determined with a 
completely different experimental setup a γSi

FeNi of 
2.1·10-3 at a silicon content of 1.35 %, a nickel content 
in the alloy of 0.75 % and a temperature of 1560°C 
compared to a γSi

FeNi of 1.11·10-3 in pure iron at 
1400°C and 450 ppm Si. For an alloy with 32 % Ni at 
1560°C, Bowles et al measured a γSi

FeNi of 1.32·10-3 at 
a Si content of 2.15 %. This corresponds to a γSi

FeNi of 
4.73·10-4 at 1400°C, 36 % Ni and 860 ppm Si in the 
alloy, as determined in the present study. Our lower 
activity coefficient probably reflects the effect of the 
lower tempeartures.  

Discussion:  The results were applied to the for-
mation of metal cores in small planet such as Vesta. 
In a “Gedankenexperiment” an Fe90Ni10-alloy was 
equilibrated with a silicate melt of eucritic composi-
tion. From the FeO content of 18.6 % the oxygen fu-
gacity that had prevailed during metal separation was 
calculated. First, partial silicate melting of the plane-
tary interior was considered. Solidus temperatures are 
about 1170°C [4]. Equilibration of metal and silicates 
at 1200°C leads to a Si content in metal of 0.25 ppm 
Si, using the data obtained in this study. An alterna-
tive model to the formation of eucrites by partial melt-
ing is fractional crystallization [5]. More or less com-
plete melting of the planet leads to precipitation of 
metal at high temperatures. The Si content of metal 
equilibrating with a melt of 18.6 % FeO at 1600°C is 
calculated as 6.4 ppm. It should thus be possible to 
distinguish metal formed as residues of partial melting 
and metals formed by segregation in a completely 
molten silicate liquid. This would considerably en-
hance our understanding of the formation of iron me-
teorites. 

Unfortunately Si concentrations of iron meteorites 
are not well known; they are below 25 ppm [2].  
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Table 1. 
Activity coefficients of Si in NiFe-alloys 

 

wt % Ni  γγγγSi
FeNi 

1300°C    
0 1.29·10-4 

10 2.29·10-4 

36 1.82·10-4 

45 1.35·10-4 

100 1.80·10-5 

1350°C 

0 3.11·10-4 

10 3.76·10-4 

36 2.06·10-4 

45 1.44·10-4 

100 2.37·10-5 

1400°C 

0 1.11·10-3 

10 7.38·10-4 

36 4.73·10-4 

45 3.42·10-4 

100 5.27·10-5 
 
Figure 1. 
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