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Introduction: Vesta, the 2
nd

-largest body in the as-

teroid belt, is believed to be a prime example of a 

rocky protoplanet. Studies of the HED meteorite suite, 

considered to be sourced from Vesta, provide insight 

into protoplanet differentiation processes. Eucrites and 

diogenites are considered to be depleted in many vola-

tile elements [1,2], but the depletions of many volatile 

siderophile elements (VSE) are not well constrained. 

Although previous work indicated that the Vestan core 

equilibrated with its mantle in a global melting event 

[3,4], the possible contribution of core formation to the 

volatile budget of HED meteorites has not been as-

sessed to date. This prohibits an assessment of the 

overall volatile depletion systematics of Vesta. Here, 

we compile published VSE abundances in diogenites 

and eucrites to constrain their depletions in the Vestan 

mantle and assess to what extent these depletions could 

be explained by volatility-related depletion, partition-

ing into sulfides in the mantle, and/or or their partition-

ing into the Vestan core.  
 

Methods: Vestan mantle abundances of the VSE 

were estimated by assuming indigeneous abundances 

of these elements in diogenites to be lower limits and 

their abundances in non-cumulate eucrites to be upper 

limits, given the incompatible nature of these elements. 

Estimates of VSE are based on eucrites - diogenites 

found in non-glacial environments [5]. A major part of 

eucrite data was based on the compilation of [6]. Diog-

enite abundances were taken from [7,8]. Diogenites 

and/or eucrites with anomalous O isotopic signatures 

were excluded. Tl and Ir contents were used to monitor 

possible FeS and meteoritic contributions to VSE 

measurements, respectively. We explore a bulk Vesta 

H-chondritic bulk composition and addition of a 22% 

CV or 25% CM component [9-11]. 

Metal-silicate partition coefficients (D’s) that are 

required to explain VSE depletions in the Vestan man-

tle were calculated by using Eq. (1):  
 

                    (1) 
 

where  is the concentration by weight of ele-

ment i in bulk Vesta. The  term represents the 

estimated abundance of element i in bulk silicate Vesta 

and x is the assumed Vestan core mass fraction. We 

assume a Vestan core mass of 25±2 %, which is an 

average based on bulk compositional calculations and 

refractory siderophile element modelling [4]. Previous-

ly reported metal- or sulfide-silicate D’s [12-14], ob-

tained between 1–2.5 GPa and 1673–2023 K, were 

corrected to a common fO2 value of  -2 according 

to their proposed valence states [3,4,13,15]. The T 

range is directly relevant for Vestan differentiation, 

whereas the P range is higher than that for the Vestan 

core mantle boundary (0.1 GPa). However, there are no 

clear pressure effects within the 1-2.5 GPa range for 

the elements considered here, so this is unlikely to sig-

nificantly affect our results [12]. S-Se-Te are an excep-

tion as their siderophile behavior strongly increases 

with P [12,16]. Their D values were corected with the 

P dependencies from [12].  

 
Fig. 1. VSE depletions in the Vestan mantle, assuming a H 

chondritic, H + CV or H + CM Vestan bulk composition 

[9,10], versus their 50% condensation T.  
 

Results: The compiled estimates for VSE Vestan 

mantle depletions are poorly correlated with condensa-

tion T (Fig. 1), suggesting their depletions cannot be 

reconciled with volatility only. Fig. 1 suggests other 

processes (i.e. sulfide saturation and/or partitioning in 

to the core) affected their abundance in the Vestan 

mantle.  

Partitioning of VSE into sulfides: Although S 

abundances in eucrites and diogenites can be up to 

4000 ppm, the vast majority of diogenites and eucrites 

have S abundances <2500 ppm [e.g. 6]. A recent pre-

dictive model for the sulfur concentration at sulfide 

saturation (SCSS) suggests that at 1 atm and 1423 – 

1523 K ∼5000 ppm S can be dissolved in eucritic 

compositions [17]. Significant degassing of S seems to 

be ruled out from S isotope compositions reported for 

HED’s [18]. The source regions of the eucrites are 

therefore unlikely to be sulfide saturated.  

Partitioning of VSE into Vesta’s core: Indigenous 

refractory siderophile element abundances in HED’s 
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have been used to argue for core-mantle equilibrium in 

Vesta’s early history [3,4], consistent with a magma 

ocean stage on Vesta [19]. Consideration of the VSE 

partitioning behavior shows that most of these elements 

are sufficiently siderophile to explain their depletions 

in the Vestan mantle by their partitioning into a S-rich 

Vestan core. This is shown for Cd, In and Se in Fig. 2.  

 
Fig. 2 D’s of Cd, In, Se versus S in the Vestan core (data 

from ref. [12]). Horizontal bars represent the different re-

quired D’s for different bulk Vesta compositions (solid = H 

chondrite, dashed = H + 22% CV, finely dashed = H + 25% 

CM). Vertical bars represents estimated S content of the 

Vestan core [4,10]. Letters in parentheses denote the type of 

silicate composition used in the partitioning experiments 

(G= granite, B = basalt). 

   

Similar results are found for Pb, Te, S, Tl, C, 

showing that core formation in Vesta is a highly effec-

tive process that can deplete these (highly) volatile 

elements in HEDs. Note that a S-rich Vestan core is 

also compatible with the depletions of moderately si-

derophile elements [3,4], the abundance of S in HED’s 

and with the proposed building blocks for Vesta 

[3,4,10]. 

As and Sb are both far more abundant in the Ves-

tan mantle than expected from their highly siderophile 

behavior – this is most likely related to the analytical 

challenges to measure their indigeneous abundances in 

meteoritic samples. Zn is significantly more depleted 

than expected from metal-silicate partitioning alone. 

However, depletion through volatile loss from Vesta is 

difficult to reconcile with Zn isotopic compositions of 

eucrites, which could suggest a Zn-poor Vestan bulk 

composition or preferential partitioning of Zn into spi-

nel [20].  
 

Implications for volatile depletion in Vesta: Our 

results indicate that the global event of metal halide 

degassing inferred from halogen and/or alkali abun-

dances in eucrites [21] did not significantly affect the 

depletions of many VSE in the Vestan mantle, con-

sistent with the Cd and S isotopic compositions meas-

ured in eucrites [18,22]. Our results underline the fea-

sibility of planetary cores being a major reservoir for 

many volatile elements that are depleted in planetary 

mantles and that are currently assumed to have suffered 

incomplete condensation during accretion or (partial) 

degassing after accretion.  
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