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Introduction:  Element partitioning in metal-light 

element systems is important to our understanding of 
planetary differentiation processes.  There have been 
numerous studies of partitioning in solid-metal/liquid-
metal systems [1-6], but none have explored the simul-
taneous influence of S and C.  Here we study the influ-
ence of both elements on trace element partitioning in 
the graphite-saturated Fe-S-C system.   

Experimental: Starting material with the composi-
tion Fe64S36 was mixed from FeS (Aesar 99.995%) and 
Fe (Aesar 99.995%) powders.  A mixture of Ag, As, 
Au, Co, Cr, Cu, Ge, Ir, Ni, Os, Pd, Pt, Mo, Mn, Re, Ru, 
Se and W was added such that the concentration of 
each element was ~500 ppm, and the total trace ele-
ment concentration was ~0.6 wt%.  A second sulfide 
starting material with the composition Fe72S18 was 
made by mixing equal parts pure Fe powder and the 
doped Fe64S36 powder.  The doped sulfide powder 
mixes were packed into graphite capsules and then 
placed inside silica glass tubes, which were sealed un-
der vacuum where the fO2 was buffered at C-CO.  The 
sealed silica tubes were placed in a box furnace and 
held at temperatures between 1025-1175°C (Fe64S36) 
and 1200-1350°C (Fe72S18) for a period of 4-552 hours, 
then quenched in cold water. Trace element analyses 
were performed using LA-ICPMS and major element 
analyses were done on a Cameca SX-100 electron mi-
croprobe.  Carbon content was determined by differ-
ence on the microprobe and confirmed by the carbon 
solubility in γ-Fe in equilibrium with graphite.   

Results: Partition coefficients (D) as a function of 
temperature are shown in Figures 1a (solid/liquid) and 
1b (liquid/liquid).  

Discussion:  Solid/Liquid Partitioning.  Overall, 
solid/liquid partition coefficients show only subtle 
changes with temperature, resulting from the small 
temperature interval for the solid/liquid experiments, 
and correspondingly small variation in S in the liquid.  
This is consistent with observations in the Fe-S system, 
where partition coefficients  vary by at most a factor of 
2-3 over the temperature range 1025-1125°C [7]. 

Our solid/liquid D values can be compared to the 
values predicted using the model of Chabot and Jones 
(2003) [7], which considers the composition of the 
liquid as the dominant control on partition coefficients.  
When both S and C are included in the model liquid, 
the predicted partition coefficients for the highly side-
rophile elements are larger than our experimental val-

ues by several orders of magnitude.  Our experimental 
values for the Fe-S-C system are in much better agree-
ment with the model values for the pure Fe-S system, at 
the same sulfur concentration in the liquid (Fig. 2). The 
apparently small influence of carbon on partitioning of 
most elements in our experiments may relate to its 
nearly equal distribution between the solid and liquid.  
Our results show that tungsten (W) and Mo are signifi-
cantly more compatible in solid metal than in the Fe-S 
system. Experimental D values for Ni, Pd, and Co are 
slightly lower than in the Fe-S system, while Au and Pt 
are slightly higher.  

Liquid/Liquid Partitioning  Between 1125 and 
1150oC solid γ-Fe is replaced by a C-rich, S-bearing 
liquid.  The transition is indicated by a textural change 
in the samples and by a distinct change in phase com-
positions. The transition from a solid-liquid to liquid-
liquid system is also seen in the pattern of D values of 
some elements.  For the HSEs, the liquid/liquid D val-
ues in the graphite-saturated system remain high 
(~100s) up to 1350°C, while in the pure Fe-S system 
[7], these D values  decrease to ~10 at this temperature 
(Fig. 3).  The presence of C in our system keeps the S 
content of the sulfide liquid high (~40 at%, compared 
to ~23 at% in the Fe-S system at 1350oC). The high S 
content of the sulfide liquid is likely responsible for the 
strong fractionation of highly siderophile elements be-
tween the C-rich and S-rich liquids. 

Ureilites  Variations in the highly siderophile ele-
ment (Ru, Pd, Re, Os, Ir, Pt) content of ureilites [9,10] 
require that the relative solid/liquid partition coeffi-
cients of these elements are as follows:  DRe > DOs > DIr 
> DRu ~ DPt >> DPd.  For the Fe-S system  at 1100-
1150°C,  DOs > DRe > DIr > DRu ~ DPt >> DPd, accord-
ing to the Chabot and Jones (2003) model.  From our 
experimental data, the average relative partition coeffi-
cients over the temperature range 1025-1125°C are: 
DOs ~ DRe > DIr > DPt > DRu  >> DPd.  Additional ana-
lyses may better constrain the Re/Os partitioning beha-
vior in the solid/liquid system to further our under-
standing of siderophile behavior during differentiation 
of the ureilite parent body.             

Planetary Cores  The metallic cores of planetary 
bodies may have generated immiscible liquids at some 
point during their evolution [11].  Our results on liq-
uid/liquid partitioning in the Fe-S-C system suggest 
that such co-existing liquids may have strikingly differ-
ent trace element compositions. Also, if immiscible Fe-
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S-C liquids exist during core formation, and have dis-
tinct segregation behavior (due, for example, to differ-
ences in their wetting behavior in silicate matrices), 
core formation may impart a distinct siderophile geo-
chemical signature in the silicate portion of the body. 
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Fig. 1  (a)  Solid/liquid partition coefficients (D).  (b) Liq-
uid/liquid partition coefficients. 
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Fig. 2   Experiment/model ratio of solid/liquid partition coef-
ficients for selected elements.  Elements are listed in order of 
increasing predicted D, according to the models of [7,8].   
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Fig. 3  Comparison of partition coefficients in the Fe-S-C 
and Fe-S systems at 1350oC.  In the Fe-S-C system, parti-
tioning is between a C-rich and S-rich liquid, while in the 
Fe-S system, partitioning is between solid Fe and an S-rich 
liquid.  Values for the Fe-S system are based on the parame-
terizations of [7,8]. 
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