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Introduction: Asteroidal basalts provide funda-

mental clues to the earliest volcanic and initial differ-

entiation processes in our solar system [1-4] and the 

occurrence and/or extent of subsequent meteoritic ve-

neers [5]. Siderophile and/or chalcophile element de-

pletions in eucrites and angrites have been used to 

model core formation in their parent bodies as well as 

meteoritic late veneers [5-9]. In these models it is as-

sumed that eucrites and angrites did not experience 

sulfide saturation in their source regions or during later 

magmatic differentiation. This is an important assump-

tion as (highly) siderophile and/or chalcophile elements 

will be strongly concentrated in sulfides. Steenstra et 

al. [8] briefly assessed the extent of sulfide saturation 

of pristine non-cumulate eucrites using measured con-

centrations of S in eucrites in conjunction with a new 

thermodynamic model for predicting the S concentra-

tion at sulfide saturation (SCSS) [11]. These results in 

conjunction with qualitative interpretations of eucrite 

chalcophile element systematics did not provide evi-

dence for sulfide saturation of eucritic source regions. 

However, [8] did not consider the possible effects on 

SCSS of sulfide and silicate compositions. To our 

knowledge, the possibility of sulfide saturation of an-

grites and their source regions has not been assessed 

previously, despite the importance of angrites for our 

understanding of the early solar system. As part of an 

extensive study focused on S systematics and elemental 

sulfide-silicate partition coefficients (Dsul/sil) [12-15], 

we performed high P-T experiments to assess the SCSS 

for eucritic and angritic melts and to simultaneously 

quantify Dsul/sil of trace elements for these melts.   
 

Methods: Synthetic equivalents of typical volcanic 

angrites (LEW 87051, D’Orbigny), a pristine non-

cumulate eucrite [16] and a putative eucrite parent 

magma composition [17] were equilibrated with sul-

fides at high P-T using Bristol-type end loaded piston 

cylinder presses at VU and Münster University. Sulfide 

powders consisted of FeS doped with 1000 ppm of P, 

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

Ta, W, Pb, Bi. All experiments were performed at 1 

GPa and 1583-1883 K in C capsules using talc-pyrex 

assemblies. As in our previous work, experimental T 

was measured using a type B or D thermocouple [12-

15]. After the experiments run products were embed-

ded in epoxy, polished and analysed for major ele-

ments using EPMA and trace elements using LA-ICP-

MS at Münster.  

Results: Run products consisted of well segregated 

quenched sulfide melts in quenched silicate glasses 

[see 12]. Coloured symbols in Fig. 1 show the SCSS 

values measured for the various compositions as a 

function of FeO concentration of the silicate melt. It is 

clear that besides T silicate composition also affects the 

SCSS as previously established [11,18,19].  
 

 
Fig. 1: The SCSS for eucrites (a) and angrites (b), obtained 

at 1 GPa and 1583-1883 K as a function of silicate melt FeO 

contents. The SCSS data for eucrites and volcanic angrites 

were normalized to 1 atm and 1423 or 1623 K, using the 

thermodynamic model of [11]. Bulk S contents measured in 

predominantly monomict non-cumulate and cumulate eu-

crites [8 and references therein, 21] are plotted for compari-

son in plot (a). In plot (b) horizontal bar represents bulk S 

concentration range in angrites [22].  
 

Eucrites: We now assess whether experimental 

SCSS values for eucrites are in the range of reported S 

concentrations. Eucrites are believed to have been 

formed at 1423-1523 K and 1 atm [20]. First, we com-

pare our experimental SCSS values for non-cumulate 

eucrites with measured bulk S contents of eucrites [21]. 

We observe that SCSS values for FeS liquids are gen-

erally higher than measured bulk S concentrations (Fig. 

1a). Only at the lowest T inferred for non-cumulate 

eucrite formation (1423 K) SCSS values are in the 

range of measured values for similar compositions. To 

further explore the possibility of FeS saturation in Ves-

ta, we also modeled the SCSS using a revised model 

[12] as a function of crystallization of the Vestan 
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magma ocean [23] and compare these values with the 

bulk S contents of eucrites [21]. 

Figure 2 shows the results for FeS liquids and FeS 

+ 30 wt.% Cu or Ni. As observed in Fig. 1, high T 

(>1600 K) during generation of eucritic melts makes 

sulfide saturation at these conditions unlikely. Howev-

er, as T approaches the range inferred for eucrites [20] 

sulfide saturation becomes more likely, especially if 

sulfide liquids contain significant amounts of Ni and/or 

Cu. Similarly, at the MgO concentrations appropiate 

for non-cumulate eucrites the SCSS becomes suffi-

ciently low to result in sulfide saturation of eucritic 

liquids (Fig. 2).   

 
Fig. 2: The modeled SCSS during differentiation of the Ves-

tan magma ocean / eucritic parent melts. The SCSS was 

calculated using the model of [12], while assuming three 

sulfide compositions (FeS, FeS + 30% Cu or Ni) and the 

experimentally determined silicate melt compositions in-

ferred for Vestan differentiation at a given T and 1 atm [22].  
 

Angrites 

Only two experiments with angrites have as of yet been 

analyzed for their S contents. Both values are within 

the range of bulk S contents measured for angrites [22], 

especially when lower temperatures for angrite for-

mation are considered (Fig. 1b). Additional results 

presented at the meeting will provide more constraints 

on the possibility of sulfide saturation of angrites. 

Discussion: Our preliminary results show that the 

most evolved eucritic melts could have been sulfide 

saturated, especially if sulfide liquids are non-

stoichiometric FeS and/or if significant degassing of S 

occurred during and/or following emplacement of eu-

critic melts. Heavy δ
34

S isotopic signatures of non-

cumulate eucrites have been used to argue for degas-

sing of S [21]. However, the implications of degassing 

of S for sulfide saturation critically depends on the 

timing of S loss from Vesta, which could have occurred 

during accretion and/or following crystallization of the 

magma ocean [21]. Metals and sulfides have also been 

found as a common accessory phase in several eucrites 

and diogenites. Alard and Gounelle [24] suggested that 

these phases were formed from a Fe-Ni-S magmatic 

liquid, with sequential crystallization of Fe-Ni metal 

followed by crystallization of an immiscible sulfide 

melt. However, other authors attribute the occurrence 

of such metal and sulfide phases to secondary meta-

morphic or metasomatic processes [e.g. 25]. Although 

the segregation of sulfide liquids during eucritic differ-

entiation would be consistent with the compatibility of 

Ni and Co and incompatibility of Ga and P in eucrites 

[7], such trends have been proposed to be more con-

sistent with olivine fractionation [e.g. 26], as observed 

for lunar low- and high-Ti basalts [11,26].  
 

Outlook: More experiments and chemical analyses 

are currently being performed and will be used to addi-

tionally assess the extent of sulfide saturation in aster-

oidal mantles.  
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