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Introduction: The use of siderophile element de-

pletions in planetary mantles in conjunction with their 

experimentally derived metal-silicate partitioning be-

havior has proven to be a valuable tool to constrain the 

pressure (P), temperature (T) and redox (fO2) condi-

tions during core formation in planetary bodies [1-4]. 

Some of these elements are volatile and can also be 

used to study volatile element budgets in the early solar 

system [5-7]. S, Se, Te abundances have been used to 

argue for a volatile-rich late veneer added to the Earth-

Moon system [7]. These elements are also believed to 

be significantly devolatilized from the Moon upon its 

formation [6,8,9]. Here, we use metal-silicate partition-

ing results for S, Se, Sb and Te from [10] to assess 

their behavior in the Moon. 

Results: At constant P-T and S contents of the met-

al, we observe a decrease of D(S, Se, Te) with melt 

FeO [11,12]. We use these dependencies to correct for 

their metal-silicate partitioning when assessing other 

variables, assuming FeO = ~10 wt% in the lunar mantle 

[2]. D(Sb) values were corrected for variable fO2 as-

suming a 3+ valence state in the silicate melt [13]. We 

observe that D(S, Se, Te) increase strongly with P (Fig. 

1). Our data suggest that [12] overestimated the effect 

of T on D(Se, Te). This also agrees with the minor T 

effect on D(S) proposed by [11].  

We asses to what extent the estimated lunar mantle 

depletions of S, Se, Te, and Sb can be explained 

through partitioning into a Fe-rich lunar core by using 

D(ci/mi) = (CBM(i) – xCBSM(i))/(CBSM(i) * (1-x)), where 

CBM(i) is the concentration by weight of element i in the 

bulk Moon (BM), CBSM(i) is the concentration by weight 

of element i in the bulk silicate Moon (BSM) and x is 

the mass fraction of the BSM, assumed here to be 

0.975 [2,3,5]. The BM abundances were considered to 

be equal to bulk silicate Earth (BSE) and are 250±50 

ppm for S, 80±17 ppb for Se, 11±1.7 ppb for Te and 

5.5 ppb for Sb [6,14]. The BSM abundances were tak-

en from [9] and are 74.5 ±4.5 ppm, 24 ppb, 4.1 ppb 

and 0.08 ppb for S, Se, Te, and Sb, respectively. Fig. 1 

shows that the lunar mantle depletions of S, Se, and Te 

are easily reconciled with depletion through core for-

mation within the higher P range of the Moon. Howev-

er, the light element composition of the lunar core 

should also be taken into account. Recent studies sug-

gest that the S budget of the lunar core ranges between 

~0–8 wt% [2,3,5,15]. For Se and Te, addition of S to 

the lunar core would only further increase the feasibil-

ity of explaining their abundances in the lunar mantle 

(Fig. 2) by core formation. Sb shows chalcophobic 

behavior resulting in a significant decrease in D(Sb) 

with S in the metal. However, the range of lunar core S 

is not sufficiently high to significantly reduce the 

siderophile behavior of Sb. The lunar mantle depletion 

of Sb is therefore also consistent with core formation 

depletion only and volatile loss during the Moon form-

ing event is not required. 

 
Fig. 2.: D as a function of P for low S experiments. 

Horizontal bars (green = H, blue = CM2) are the re-

quired D to explain lunar mantle depletions.  
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Fig. 2.: D as a function of S in the lunar core.   
 

Discussion: The BSM abundances of the elements 

considered may be affected by a late veneer, as sug-

gested from W isotopes [e.g. 16]. We incorporated the 

maximum effects of the putative late veneer (Fig. 1, 2), 

by consideration of <0.05% added H or CM2 mass 

[14,16]. We observe that this does not affect the ele-

mental abundances nor the ratios in a significant way, 

independent of added mass or nature of the impactors. 

As the effects of a putative late veneer on Se and Te 

abundances are minor, the Se/Te ratios of the BSM are 

therefore indicative of the Moon’s primary building 

blocks. However, P during lunar core formation may 

have fractionated S/Se and/or Se/Te. Fig. 3 shows the 

BSM Se/Te and S/Se ratios as a function of P during 

lunar core-mantle differentiation. It is evident that P 

does not significantly fractionate S/Se or Se/Te, 

simarly as lunar core S contents. This leads to the in-

teresting observation that the S/Se and Se/Te ratios of 

the BSM
 
are close to or within error of the BSE ratios.  

 
Fig. 3.: Calculated BSM S/Se and Se/Te ratios as a 

function of P during lunar core formation. Included 

are the BSE S/Se and Se/Te ratios from [7].  
 

This implies that the Moon inherited its S/Se and 

Se/Te ratio from its formation. Given the significant 

compositional similarities between BSE and BM, this 

provides strong evidence that the BSE already obtained 

its S/Se and Se/Te ratio signature from ~4.45 Ga. This 

suggests that a volatile-rich late veneer for the BSE is 

not required, or, alternatively but unlikely, must have 

occurred before lunar formation. A similar scenario has 

been suggested from the HSE signatures of the Earth’s 

and lunar mantle [17]. Our results are also consistent 

with the S isotopic composition of the BSM, that sug-

gest only 1 to 10 % degassing of S occurred during the 

Moon-forming event [18]. They are consistent with the 

hypothesis that the S abundance in the BSE may be 

mainly controlled by core-mantle differentiation, rather 

than a late veneer [11,19]. Finally, they are consistent 

with the observation that significant amounts of water 

were present in the Moon when it formed [20].  
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