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Introduction: Siderophile elements provide con-

straints on planetary differentiation conditions, by con-

sidering the extent of their mantle depletions relative to 

the inferred planetary building blocks [1-4].  

It is well known from various lines of evidence (in-

cluding the FeO content of the mantles of the Mercury, 

Earth and Mars) that oxygen fugacity (fO2) during 

planetary differentiation varied significantly between 

terrestrial bodies. Previous studies have also shown 

that many siderophile elements exist in different va-

lence states in silicate melts at different fO2. The out-

come of geochemical core formation models therefore 

relies in part on the assumed valence state(s) of the 

siderophile elements considered. 

The siderophile behavior of Si is a strong function 

of fO2. Some planetary cores that accreted under reduc-

ing conditions are therefore believed to constain signif-

icant amounts of Si (e.g., the Earth, Mercury) [5-7]. 

The effects of metallic Si on siderophile element activi-

ties are not well constrained. To address these issues, 

we performed high P-T experiments in which metal 

and silicate mixtures were equilibrated at low fO2. Re-

lated work from our group is shown in several compan-

ion abstracts [8-11].  

Approach: Experiments were conducted in a pis-

ton cylinder press at 1-2.5 GPa and 1883 K. Synthetic 

equivalents of Apollo 15C green glass and Knippa bas-

alt were loaded in Pt-C capsules and were equilibrated 

with Fe metal plus trace elements. EMPA and LA-ICP-

MS were used to quantify major and trace elements, 

respectively. The fO2 is defined relative to the iron-

wüstite buffer (ΔIW) (1): 
 

    (1) 
 

The activity of Fe (γFe) was calculated using [12] and 

we assumed γFeO = 1. Effects of Si were studied by 

considering KD or ln(Di/DFe
n/2

), where n is the valence 

of element i [see 11]. The slope of KD with ln(1-XSi) 

yields the interaction coefficient or  for element i 

with Si. For elements with a valence different then 2+, 

corrections on γFe were made [see 11].  

Results: Run products consist of metallic blobs 

within homogeneous quenched silicate melts (Fig. 1). 

 Oxygen fugacity: Metallic Si varied between 0-6 

wt%, resulting in a fO2 range of ΔIW = -1 to -5. Fig. 2 

shows the effect of fO2, where the slope corresponds to 

1/4
th

 of the dominant valence. Our results suggest Cu
1+

, 

Sn
2+

, Cr
2+

, Mn
2+

, Ge
2+

, Ni
2+

, V
3+

, Si
4+

, Mo
4+

, P
5+

, and 

W
6+

 are the dominant species across the fO2 range stud-

ied. From <ΔIW -3, the slopes for some elements 

change due to the effects of interacting with metallic Si 

(Fig. 2 bottom panel).   
 

 
Fig. 1: BSE image of GGR6Si-1. Pits are from LA-ICP-MS. 

 
Fig. 2: Log D versus fO2 and derived valences. Verti-

cal line indicates where Si is partitioned into metal.  
 

Si in metal: The slopes of Mn and Cu with ln(1-XSi) 

are negative and they behave more siderophile with 

increasing XSi. The slopes are ambigious for Cr and V 

and future work should try to constrain this in more 

detail. The siderophile behavior of most elements (P, 

Mo, Ni, Ge, Sn, W) is significantly decreased with XSi, 
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resulting in a positive slope (Fig. 3). This effect is most 

significant for P, Mo and W. The magnitude of the 

effect of XSi on their KD’s is consistent with previous 

work derived at the same pressures [14,15]. It is also 

clear from the plots that the slopes of KD versus ln(1-

XSi) change with pressure for some elements. These 

pressure changes and their implications are discussed 

in more detail in [11]. KD(Si) increases significantly 

with pressure, which is evident from both C-free and 

MgO capsule experiments using near identical compo-

sitions [9]. This dependency is consistent with previous 

work [12,15], but not with [13,16].  
 

 
Fig. 3: Corrected ln(Di/DFe

n/2
) versus Si in metal.   

 

Discussion: We use our new results [this study and 

9] to provide constraints on the Si content of Mercury’s 

core. Metal-silicate partitioning data of Si of this study 

and [9] was parameterized to Eq. (2): 
 

log D = a + b*(ΔIW) + c*(P/T) + d*ln(1-XC)            (2)  
 

where D is the metal-silicate partition coefficient, P is 

pressure, T is temperature and XC is the molar fraction 

of carbon in the metal. All data were obtained at 1883 

K, and we assume that T does not greatly affect D(Si) 

within the range relevant for Mercury [7]. As the sili-

cate compositions used in this study are similar, we do 

not include a silicate compositional term. We also do 

not take the activity of Si into account explicitly [11]. 

Using Eqn. (2), we modeled the Si content of Mercu-

ry’s core and mantle for different bulk compositions 

[18,19]. Fig. 4 shows the results for a core-mantle equi-

libration pressure of 5.5 GPa [19] and a core mass of 

65 mass% [17], as a function of fO2 during core for-

mation. Assuming the 25 wt% Si content of the mantle 

of Mercury is an upper limit, we find that the core 

abundance of Si must be >12 wt%. This lower limit is 

obtained using an EH bulk composition, whereas con-

sideration of a chondritic CB or a non-chronditic CB 

bulk composition would result in >21 wt% Si and >31 

wt% Si in Mercury’s core. All together, this corre-

sponds with an upper fO2 limit of ΔIW = -3.9 at which 

the core of Mercury must have formed (Fig. 4). At fO2 

< ΔIW-5) the Si contents of Mercury’s mantle become 

unrealistically low [19] and that of the core unrealisti-

cally high given Mercury’s moment of inertia [20].  

 
Fig. 4: Calculated wt% Si in Mercury’s mantle and 

core versus fO2 for EH (blue) and CB (red and green) 

bulk compositions. Horizontal line is the estimated Si 

content of 25 wt%.    
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