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Introduction: The distribution of heat-producing 

elements such as Rb, U and Th during planetary differ-

entiation is important for the thermochemical evolution 

of planetary bodies [1-5]. Although several studies 

focused on the sulfide- and metal-silicate partitioning 

of U and Th [1-3], several aspects of their partitioning 

behavior are not well constrained, including the effects 

of T and sulfide composition (i.e. variable Ni, Cu). The 

extent to which volatile elements such as Li, Rb and Cs 

partition into sulfides and/or metals is important for 

interpretations related to volatile element depletions in 

planetary materials [6] and their depletions are often 

reported relative to the abundance of refractory ele-

ments Th and U. Only two studies reported sulfide-

silicate partition coefficients (Dsul-sil) for Rb and Cs [7-

8] and no partitioning data currently exists for Li, de-

spite that alkalis Na and K can significantly partition 

into sulfides [9-12]. To better constrain their sulfide-

silicate partitioning behavior, we experimentally quan-

tified their sulfide-silicate partitioning behavior as a 

function of fO2 (ΔIW = –9 to –1), T (1673–2273 K) 

and sulfide composition at constant P (1 GPa).  

Methods: Sulfides and silicates were equilibrated 

in (Pt-lined) graphite capsules at high P-T using end-

loaded piston cylinder presses at VU and Münster Uni-

versity. The silicate starting composition was a primi-

tive basalt [10] doped with 1500-2000 ppm of Li, Rb, 

Cs, U and Th using standard solutions. Sulfide compo-

sitions consisted of (Fe,Cu,Ni)S plus 1000 ppm of P, 

V, Co, Ni, Cu, Zn, Ga, Ge, Se, Nb, Mo, Cd, Sn, Sb, Te, 

Ta, W, Pb, Bi as in our other studies presented at this 

meeting [13–15]. Run products were analysed for ma-

jor and trace elements using EPMA and LA-ICP-MS, 

respectively. The NIST 612 glass was used for calibra-

tion of all LA-ICP-MS analyses. Matrix effects for LA-

ICP-MS measurements of sulfides were addressed us-

ing a recently published model [16].  

Results: A typical run product can be seen in a 

companion abstract [13]. Fig. 1 shows a compilation of 

derived Dsul-sil values for element Li, Cs, Rb, U and Th 

as a function of the FeO concentration of the silicate 

melt. The chalcophile behavior of U and Th dramati-

cally increases with increasingly reducing conditions 

[1,2], whereas the chalcophile behavior of Li, Rb, Cs 

remains the same or decreases (Fig. 1). It also shows 

that their chalcophile behavior is dramatically de-

creased with increasing Fe/S. The effects of Ni are 

more pronounced than Cu for these five elements. For 

Li, Cs, and Rb scatter is also observed for experiments 

with constant sulfide S contents, which is likely due to 

different S concentrations of the silicate melt (Fig. 2) 

[1,13].  

 
Fig. 1: Dsul/sil values for Li, Cs, Th and U as a function of log 

FeO (wt%) of the silicate melt obtained in this study and 

from Wohlers and Wood [2].  
 

Discussion: We now use the new experimental data 

to provide a preliminary estimate of the behavior of Li, 

Rb, Cs, Th and U during planetary differentiation. Be-

cause estimates for the S concentrations during plane-

tary differentiation are currently unconstrained for most 

planets except Mercury, we use the current FeO values 

of the mantles of the other planets. Given the uncon-

strained effects of P-T, we assume that these effects are 

inferior to silicate melt FeO contents variations, which 

seems reasonable given Fig. 1. 
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Fig. 2: Dsul/sil values for Li, Rb, Cs, Th and U as a function of 

S in silicate melt.  
 

Mercury: Namur et al. [17] calculated Mercurian 

mantle concentrations of 7–11 wt%. This corresponds 

with very high Dsul/sil values for Th and U (Table 1). As 

the segregation of a sulfide liquid in some stage of 

Mercury’s differentiation seems inevitable from (1) the 

increased concentration of S in the residual melt during 

magma ocean solidification and (2) the incompatibility 

of S in Fe-Si alloys and Mercury’s large core, U and to 

a lesser extent Th would be concentrated in sulfide 

phases. Alkali element partitioning in sulfides is negli-

gible and less than for the other more oxidized bodies.  

Moon, Vesta: The application of our results to the 

Moon and Vesta suggests that if (a) sulfide layer(s) 

segregated during later stages of magma ocean solidifi-

cation only minor amounts of Th and U would partition 

into coexisting FeS liquid (Table 1). These elements 

would be preferentially enriched in the residual liquids 

instead of sulfides. The addition of Ni and/or Cu to the 

sulfide liquid would decrease these concentrations even 

more. The alkali elements are expected to behave mild-

ly incompatible during sulfide segregation and it is 

therefore unlikely sulfide segregation results in signifi-

cant depletions of these elements.  

Mars, APB: Due to the more oxidized nature of 

both Mars and the APB the expected Dsul/sil for Th and 

U are higher. However, the overall chalcophobic be-

havior of both elements excludes a major role of sul-

fides in concentrating these elements during later stag-

es of magma ocean solidification. The alkali elements 

also behave chalcophobic at plausible P-T conditions 

of sulfide segregation within these bodies (Table 1).  
 

Table 1: Estimated log Dsul/sil values during putative FeS 

liquid segregation during differentiation of various bodies 

(based on plots of Fig. 1 and 2 for the various elements)  
 
        

 log  

FeO 

S 

(wt%)  

Li Rb Cs Th U 

        

Mercury – 7-1116 -1 -2 -2 -0.10 

(25) 

0.10 

(25) 
        

Moon  1.0 

(1)17 

– -1.0 

(1) 

-2.1 

(7) 

-1.4 

(3) 

-2.65 

(20) 

-1.50 

(10) 
        

Mars 1.25 

(5)18 

– -1.25 

(10) 

-2 

(8)  

-1.60 

(35) 

-2.45 

(5) 

-1.40 

(5) 
        

Vesta 0.9 

(1)19 

– 1.05 

(10)  

-2.1 

(7) 

-1.5 

(4) 

-2.90 

(15) 

-1.75 

(1) 
        

APB  1.25 

(15)20 

– -1.25 

(25) 

-2 

(8)  

-1.80 

(45) 

-2.45 

(15) 

-1.40 

(20) 
        

 

Outlook: One of the major uncertainties is whether 

segregation of (a) sulfide matte(s) indeed occurred 

during differentiation of the various terrestrial planets. 

This should be addressed by quantitative modelling of 

the SCSS as a function of magma ocean crystallization, 

bulk composition and other variables [16,17]. In case 

of Mercury and the aubrite parent body, segregation of 

sulfide liquids would have profound implications on 

interior heat production due to the concentration of U 

and possibly Th in sulfide liquids. Many aspects of 

sulfide-silicate trace element partitioning also remain 

not well constrained, i.e. the systematics of partitioning 

between non- FeS sulfide liquids, monosulfide solid 

solution phases and reduced silicate melts. In addition, 

it is unclear to which extent P-T and silicate composi-

tion affects their sulfide-silicate partitioning behavior. 

All of these issues are currently being experimentally 

addressed. Once all experimental is available, new 

thermodynamic parameterizations will be derived 

which will be presented at the meeting.  
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