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Introduction: Siderophile elements are a valuable 

tool to constrain planetary differentiation conditions, 

including core formation conditions in the Moon [1-4]. 

A major outcome of these studies was that the Moon 

was likely fully molten after its formation. Recent stud-

ies have also suggested the lunar core is unlikely to be 

S-rich, but possibly C-rich [4]. Anorther recent finding 

is that the majority of volatile siderophile element 

(VSE) depletions in the lunar mantle can simply be 

explained by core formation depletion, instead of pre-

viously suggested devolatilization [3,5]. However, this 

conclusion was mainly based on VSE metal-silicate 

partitioning experiments in C-free systems. The effect 

of C on VSE metal-silicate partitioning is poorly con-

strained, but may be significant. In addition, low tem-

perature (T) data for VSE in FeS free systems is scarce. 

We performed high P-T metal-silicate VSE partitioning 

experiments under graphite-saturated conditions at 

different P-T conditions. We compare these results 

with the results reported in several companion abstracts 

[5-8], where we present metal-silicate partitioning stud-

ies for a wide range of other siderophile elements and 

conditions.  

 

Approach: Experiments were performed between 

1-2.5 GPa and 1683–1883 K using a double capsule 

(C-Pt) set-up. Samples consisted of a synthetic equiva-

lent of Apollo 15C green glass or Knippa basalt com-

bined with Fe metal plus trace elements. EMPA and 

LA-ICP-MS were used to quantify major and trace 

elements. To assess effects of P-T and C, we consid-

ered expressions of the form ln(Di/DFe
n/2

) or KD, where 

Di is the metal-silicate partition coefficient for element 

i and n is the valence of trace element i in the silicate 

melt [9,10]. We use the valences derived in [6,7]. For 

comparison with C-free data from MgO capsules, we 

corrected γFe for C-saturated systems using the metal 

activity calculator [11]. The latter approach was also 

used to calculate the expected amount of C in the met-

al. Log D(Se, Te) were corrected for different FeO 

according to [5].  

 

Results: Run products show segregated metallic 

blobs within a homogeneous glass. Graphite saturation 

resulted in 5-6 wt% dissolved C in the metal, which is 

suggested from both EMP totals and calculations per-

formed with the metal activity calculator [11].   

Carbon: After correction for γFe changes due to C 

saturation, the effects of C can be assessed. We ob-

serve that C in the metal strongly increases the KD for 

As, but lowers the KD’s for Sb, Pb, Cd and log D (Se, 

Te) (Fig 1). Carbon does not seem to significantly af-

fect the KD of In. Although the negative dependencies 

for Cd, Sb and Pb agree well with those reported in the 

steelmaking data sourcebook [12], the effect of C on 

KD (Sb) found in this study is significantly smaller. 

However, [12] suggest that In and As behaves less 

siderophile with C.  

 
Fig. 1: KD plotted versus C content in metal at 1883 K, 

unless otherwise stated. C-free data from [5].  

 

P-T: No distinct P effects were observed, except for 

Se and Te, which is consistent with previous observa-

tions [5,13]. We do observe a strong decrease of D(Sb) 

with T (Fig. 2), as suggested by [14]. However, this 

effect was not observed in [5]. Future studies should 
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assess if this T relation can be extrapolated to higher T. 

For other elements (including Se, Te), no significant 

effects are observed between 1683-1883 K.   

 
Fig. 2: KD (Sb) as a function of T   

 

Discussion: VSE have been used to assess the vola-

tile inventory of the Moon during and shortly after its 

core formed [3,5]. These results were based on a lunar 

core without C. If C is indeed the dominant light ele-

ment in the lunar core [4], how would this affect the 

extent of their depletion through formation of a lunar 

core? Fig. 3 shows an example for Se and Te. It can be 

seen that their depletions can still be readily matched 

with the inferred depletions reported by [5], albeit at 

slightly higher pressures (4-5 GPa). A deep LMO (4.5 

GPa) was also inferred from the depletions of 13 other 

siderophile elements [3]. Note that the expected 

amounts of C in the lunar core are significantly lower 

than under graphite saturated conditions [4]. The P 

dependencies of D(Se,Te) are comparable for both 

datasets. Therefore, our conclusions from [5] regarding 

Se/Te ratios remain valid for a C-bearing lunar core. 

We conclude that VSE depletions observed in the lunar 

mantle can be explained by their sequestration into a C-

bearing core early in the Moon’s history.  
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Fig. 3: Log D (Se, Te) plotted as a function of P. C-

free data from [5]. All data was corrected to the lunar 

mantle FeO content of 10 wt% [2]. Horizontal shaded 

regions represent the required log D range to explain 

their depletions in the lunar mantle, relative to bulk 

Moon (bulk silicate Earth) abundances. Green and 

blue lines represent the maximum effects of a late ve-

neer consisting of H and CM chondrites, respectively 

[see ref 5 for additional details].  
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