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Introduction:  Over the past 20 years, the idea has 

taken hold that the upper mantle signature of many 

elements in the Earth, Moon, Mars, Vesta and, by ex-

tension, the other terrestrial planets results from 

metal/silicate equilibrium at the base of one or more 

magma oceans during core formation events (e.g., [1, 

2]).  Note that there is discrepancy between the various 

published estimates for the depth of the magma ocean.  

A likely contributing factor to the disagreement is in-

complete coverage of intensive variable space.  All  the 

estimates lie at pressures and temperatures beyond 

those at which equilibrium partitioning experiments 

can routinely be performed using the currently avail-

able multi-anvil equipment.  Lack of data on the trends 

in metal/silicate partition coefficients with changes in 

the relevant intensive variables, as well as incomplete 

knowledge of which intensive variables are in fact 

relevant at high-pressure (P) – high-temperature (T) 

conditions, severely compromises our ability to accu-

rately parameterize and extrapolate metal/silicate parti-

tion coefficients (D
m/s

) from different studies to condi-

tions at the base of a magma ocean.   

It is thus of paramount importance in reconciling 

the differences between the various estimates that 

enough high-P data be available to allow reasonable 

projections to be made into this currently experimen-

tally inaccessible (for equilibrium partitioning experi-

ments) region of intensive variable space.  Inadequate 

knowledge of the initial elemental abundances in the 

Earth of all but the most refractory moderately sidero-

phile elements (e.g., Mo, W) also poses a significant 

problem in estimating the conditions under which core 

formation occurred.  Constraining the conditions at the 

base of magma oceans is imperative in our understand-

ing of the chemical signatures of Earth’s and other 

terrestrial planetary mantles.   

 Existing studies have produced some confusion 

concerning the trends found for Mo and W 

metal/silicate partitioning.  The behavior of V, how-

ever, is reasonably understood and hence allows for 

cross-laboratory comparisons [3].  We are undertaking 

high-P, high-T experiments to study the metal/silicate 

partitioning behavior of all three elements, plus Si, as a 

consequence of varying intensive variables and the 

metal carbon-concentration ( XC
metal

). 

Methods: Experiments were run on a 1000 ton 

multi-anvil apparatus at the LPL using W5Re/W26Re 
thermocouples and COMPRESS assemblies and tech-

niques.  These assemblies are available for purchase 

through the COMPRESS consortium of universities 

and their use provides a means for interlaboratory 

standardization.   

The experiments were conducted using synthetic 

starting materials and composites of minerals, synthe-

sized at the LPL, combined to simulate San Carlos 

Peridotite bulk composition.  These synthetic materials 

were doped with 4 wt% WO3 and MO3, and 2 wt % V
0
 

and then mixed with Fe metal powder.  The silicate 

melt acted as the source of Si.  The compositions of the 

starting material and capsule imposed the redox state 

in the experiments.  Another set of experiments em-

ployed the same doped, synthetic peridotite as above 

but Fe was added as a mixture of Fe metal and Fe2O3 

in order to vary the Fe/O ratio and so impose a differ-

ent fO2.   

Analyses of the major-element composition of ex-

perimental charges were performed using a Cameca 

SX50 electron microprobe (EMP) at LPL.  Said appa-

ratus was also used to determine the trace element con-

centration of V and, where possible, Si in the metal.  

We used a certified pure-Fe chip, carbon coated simul-

taneously with the charge to be analyzed, to determine 

the Si background in our measurements.  Silicon totals 

in our metal analyses are corrected accordingly.  Trace 

element concentrations of Mo and W were analyzed by 

SIMS at Arizona State University. 

Redox state was calculated from the Fe content of 

the metal and the FeO content of the silicate melt as 

determined by EMP ( fO2(IW)  -2log(FeO/Fe)). 

Results and Discussion:  Experiments at 5 GPa 

and 7 GPa have produced trace element partition coef-

ficients for Mo, W, V and, for  some charges, Si in 

experiments ranging from 1900 ºC to 2300 ºC, with 

melt polymerization (expressed as NBO/T) from 3.0 to 

3.5 and fO2 (IW) from -0.3 to -1.6 (Tables 1 – 4).  

Table 1.  5 GPa Partition Coefficients 

5 GPa    fO2  

T (ºC) log DV log DMo log DW (IW) NBO/T 

1900 -0.69 (8) 3.49 (12) 2.35 (24) -1.6 3.0 

2000 -0.75 (14) 3.24 (28)  -1.6 3.0 

2100 -0.64 (4) 3.19 (4) 2.35 (6) -1.6 3.0 

2200 -0.81 (14) 3.17 (8) 2.29 (12) -1.6 3.0 

2300 -0.87 (30) 2.87 (4) 2.24 (4) -1.6 3.1 

2000-C -1.16 (14) 2.90 (16) 1.71 (12) -1.4 3.2 

2100-C -0.84 (16) 3.07 (8) 1.75 (12) -1.3 3.2 

2200-C -0.77 (12)   -1.4 3.2 

Numbers in parentheses are ±2  of least significant digits. 

2000-C etc. denote experiments with manipulated Fe/O ratio. 
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Table 2.  7 GPa Partition Coefficients 

7 GPa      

T (ºC) log DV log DMo log DW fO2 NBO/T 

1900 -0.70 (14) 3.22 (32) 2.20 (16) -1.6 3.1 

2000 -0.63 (16) 3.46 (8) 2.35 (8) -1.6 3.0 

2100 -0.75 (6) 2.90 (8) 2.20 (8) -1.6 3.1 

2200 -0.59 (6) 3.00 (22) 2.40 (22) -1.6 3.1 

2300 -0.48 (-) 3.10 (8) 2.30 (6) -1.6 3.0 

2000-C -1.38 (30)   -1.2 3.2 

2100-C -1.31 (28)   -1.3 3.3 

2200-C -1.11 (36)   -1.2 3.5 

Numbers in parentheses are ±2  of least significant digits. 

2000-C etc. denote experiments with manipulated Fe/O ratio. 

Molybdenum, W and V D
m/s

 decrease at different 

rates with increasing T (Fig. 1).  At 5 and 7 GPa, log 

DMo decreases markedly with increasing T.  For log 

DW, the decrease is more subtle than for log DMo at 5 

GPa.  At 7 GPa, however, T effects on log DW are not 

easily separated from those of other variables (i.e., XC, 

fO2 and NBO/T).  Values of log DV decrease with in-

creasing T, in contrast to Chabot and Agee [3] who for 

experiments from 1 GPa to 3 GPa found an increase of 

DV with increased T.  

Carbon saturation of the metal melt (7.6 to 10.7 

wt%), caused by contamination due to the use of 

graphite capsules in our experiments, increases with P 

and has a measurable effect on the metal/silicate parti-

tioning of elements (Tables 3 and 4).  Removal of the 

effect of C by using the approach of Wade and Wood 

[4] and Corgne et al. [5] results in a reduction of fO2 

and log D
m/s

  values.  In the case of V, the reduction in 

the activity in the metal-melt is so large as to effec-

tively indicate it would not partition into the metal.  
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Figure 1. Data for logDMo,W ,V
m / s

 presented here are from 

experiments with similar NBO/T and fO2 (-1.6). As can be 

seen, values for Mo, W and V decrease with increasing T 

with the effect being more marked for Mo.  

Table 3.  5 and 7 GPa Carbon Corrected 

Numbers in parentheses are ±2  of least significant digits. 

2000-C etc. denote experiments with manipulated Fe/O ratio. 

The scatter in NBO/T and fO2 means it is not pos-

sible to separate the influence of intensive variables 

affecting the metal/silicate partitioning of Si, at pre-

sent.  Silicon, however, remains incompatible in the 

melt to 2200 ºC and 7 GPa.  Removal of the influence 

of C results in lower log DSi values by approximately 1 

log unit (Table 4).  Unlike the case with V, the absence 

of C does not mean Si exclusion from the metal melt. 

Table 4.  Si Partition Coefficients 

Numbers in parentheses are ±2  of least significant digits. 

Tungsten carbide (WC) may form by reaction with 

graphite capsule material at temperatures > 1600 °C, 

potentially compromising the W partitioning data [6].  

We have paid careful attention to the possible presence 

of WC in our experiment charges and have found no 

indication of its presence. 

 Conclusions:  The metal/silicate partition coeffi-

cients of Mo, W and V decrease with increased T at 

pressures above 3 GPa.  We expect Si will behave in a 

similar manner but currently have insufficient data. 

Removal of the effect of C in the metal melt results 

in a reduction of log D values for Mo, W, V and Si.  

The reduction is largest for Si and V.  In the case of V, 

the reduction is such as to indicate that it would not 

partition into the metal in the absence of C.  This has 

obvious implications for the composition of Earth’s 

core. 
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 5 GPa   7 GPa   

T (ºC) log DMo log DW fO2 log DMo log DW fO2 

1900 3.13 (12) 1.73 (24) -1.2 2.74 (32) 1.40 (16) -1.0 

2000 2.90 (28)   3.03 (8) 1.64 (8) -1.0 

2100 2.85 (4) 1.77 (6) -1.2 2.54 (8) 1.52 (8) -1.0 

2200 2.85 (8) 1.73 (12) -1.2 2.66 (40) 1.41 (22) -1.1 

2300 2.56 (4) 1.70 (4) -1.2 2.90 (22) 1.54 (10) -1.2 

2000-C 2.60 (16) 1.02 (12) -0.9    

2100-C 2.67 (8) 0.94 (12) -0.6    

7 GPa Concentration C - Corrected  

T (ºC) log DSi fO2 log DSi fO2 NBO/T 

2000 -1.89 (22) -1.2 -2.87 (22) -0.3 3.2 

2100 -1.98 (32) -1.3 -3.16 (32) -0.5 3.3 

2200 -1.48 (14) -1.2 -2.31 (14) -0.4 3.5 
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