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Introduction:  Studies focused on siderophile ele-

ment depletions and bulk compositions of the HED 

meteorite suite [1-9] as well as geophysical observa-

tions [10,11] suggest that Vesta has a Fe-rich metallic 

core. The composition of the core and the prevailing 

temperature (T) – pressure (P) – redox (fO2) conditions 

during its formation are poorly constrained. A common 

approach to constrain conditions of core formation in a 

planetary body is to link measured mantle depletions of 

siderophile element to their metal-silicate partition 

coefficients (D), because D values are governed by P-

T-X-fO2 conditions. Hence, mantle siderophile element 

depletion signatures provide important clues to the 

conditions of core-mantle differentiation [12-14]. From 

Co, Mo and W abundances in HED meteorites, it was 

initially inferred that Vesta possessed a core of 40-50 

wt.% by mass which segregated from a half-molten 

silicate mantle [1,2]. Righter and Drake [3] suggested 

core formation occurred at low-pressure (1 atm), mod-

erate temperature (1873 K) and by liquid-metal liquid-

silicate equilibration, resulting in a 10% Vestan core 

mass. A follow-up study [4] extended their work by 

considering a wide range of Vestan bulk compositions 

and found a large range of possible core masses (5-

25%) and S core contents (XS = 0.08-0.22), but a rela-

tively narrow range for T (1780-1803 K) and fO2 (-

2.6–-1.9 log units below the IW buffer). These models 

were partly based on D’s obtained at high pressures (up 

to 20 GPa) not appropriate for the Vestan interior. The 

study of [14] recently showed the importance of using 

D’s obtained in the pressure regime of the planetary 

body in question only, because of changes in pressure 

dependency of D with pressure [15]. As the maximum 

pressure in Vesta is < 0.4 GPa [3] parameterizations 

should be based on D’s obtained at low pressures only. 

In light of new constraints on Vesta’s geophysical and 

geochemical properties from DAWN [11], recently 

proposed new bulk compositions [16-18] and signifi-

cant expansion of the experimental metal-silicate parti-

tioning database since [4], here we re-examine the con-

ditions at which core-mantle differentiation in Vesta 

may have occurred. We characterize the dependency of 

the metal-silicate partition coefficient (D) for Cr, Co, 

Ni, Cu, Ga, Ge and P on P-T-X-fO2 and assess if there 

are P-T conditions at which the observed siderophile 

element depletions are simultaneously satisfied by 

core-mantle  equilibration of a Fe-Ni-S core in a mag-

ma ocean-type setting.    

Approach: We use a wide range of published met-

al-silicate partitioning data [15,20-31] obtained at pres-

sures <1.5 GPa for Cr, Co, Ni, Cu, Ga, Ge and <3 GPa 

for P to characterize the dependency of D on P-T-X-

fO2 using Eqs. (1,2): 

 

log D = a + b(∆IW) + c(nbo/t) + d(1/T) + e(P/T) + 

fln(1-XS) + gln(1-XC) + hln(1-XNi) + i(S)                  (1) 

 

log D = a + b(∆IW) + ∑ciXi+ d(1/T) + e(P/T) +                      

fln(1-XS) + gln(1-XC) + hln(1-XNi) + i(S)                  (2) 

 

In these parameterizations the fO2 term ∆IW represents 

the deviation in log units from the iron-wüstite buffer, 

silicate melt composition is represented by molar major 

oxide fraction terms (cMgO, cSiO2, cAl2O3, cCaO and 

cFeO) or nbo/t,  XS, XC and XNi are the molar values of 

S, C and Ni in the metallic liquid, and i(S) is the abun-

dance of S (in ppm) in the silicate melt. We assess Eqs. 

(1,2) for each element and consider the calculated fO2 

dependency relative to reported literature data on the 

silicate melt valence state of the elements involved to 

assess which equation most realistically represents 

measured D values [12,32]. In our model we assume 

Vestan bulk compositions starting from 100% H 

chondrite [17] and considering a contribution of either 

a CV (22%) component (suggested from oxygen iso-

topes [16]) or a CM (25%) component (suggested from 

assessing a large range of plausible Vestan bulk com-

positions and comparing them with recent observations 

from DAWN [17]). We calculate the permissible trace 

element abundance range in bulk Vesta by attributing 

the associated abundances of each element in the three 

chondrite groups reported by [34] relative to their in-

ferred contributions to the bulk Vesta composition. For 

silicate Vesta trace element abundances, we use the 

proposed ranges from [4,34-37] based on HED meteor-

ite data. We assume XC = 0, because pressures were too 

low to allow for significant partitioning of C into the 

core, supported by the identical C isotope signature of 

silicate Vesta relative to chondrites [38].   

 

Results: Our regressions show that within this da-

taset low-valence Co, Ni, Cu, Ge are most realistically 

predicted with nbo/t (Eq. 1) and higher valence ele-

ments P, Ga, Mo, W, and Cr with Eq. (2). With these 

new parameterizations, we model core formation in 

Vesta. The calculated metal-silicate D values required 

to explain the observed siderophile element depletion 
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in the silicate part of Vesta and initital modeling results 

are shown in Figure 1A. At ∆IW = -2.65, we obtain 

solutions for all elements, but only at pressures of ≥ 0.1 

GPa, XS ≈ 0.16 (corresponding to approximately 10 

wt.% S), XNi  ≈ 0.15 and T ≈ 1800 K. At conditions 

more reducing than ∆IW = -2.8, Cr behaves too 

siderophile. As the Vestan core-mantle boundary is at ≈ 

0.1 GPa, this suggests metal-silicate equilibration of a 

Fe-Ni-S core occurred in a largely molten magma-

ocean type setting, consistent with [3,4,39,40]. Core 

cooling in the presence of XS ≈ 0.16 would results in a 

substantial buoyancy flux which could aid the for-

mation of an ancient core dynamo [41]. High core S 

also agrees with the high S abundances observed in 

basaltic eucrites [16,33].  

 

 

 
Figure 1 Required log D (dark circles) to satisfy the 

siderophile element depletions of the Vestan mantle 

[4,34-37] and modeled log D (open circles) at P = 0.1 

GPa, T ≈ 1800 K, XS = 0.16, XNi = 0.15 and i(S) = 

1000 ppm at (A) ∆IW = -2.65 and (B) ∆IW = -4.3  

 

Recently, Si stable isotope data on HED meteorites 

were used to suggest that the core of Vesta formed un-

der highly reducing conditions (∆IW = -4.3 [42]). Fig-

ure 1B shows that such a low fO2 is not consistent with 

the observed siderophile element depletions in Vesta’s 

mantle. We conclude Vesta did not form under highly 

reducing conditions, in agreement with results from 

experimental studies on eucrites [43,44] and the FeO 

content of bulk silicate Vesta relative to the inferred Fe 

content of the Vestan core [2].  
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