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Introduction:  Molybdenum is a refractory ele-

ment; therefore its abundance in the bulk Earth is as-
sumed to be chondritic.  Molybdenum is also moder-
ately siderophile and would consequently partition into 
the Fe-rich metal phase during differentiation of the 
Earth’s core.  As a result, molybdenum is depleted in 
the bulk silicate Earth (as estimated from upper mantle 
abundances) relative to chondritic abundances, and the 
rest of the molybdenum presumably resides in the core 
[1].  This provides a way to study core formation 
mechanisms by experimentally trying to reproduce the 
proportions of molybdenum in the core (a metal phase) 
and mantle (a silicate phase) through varying condi-
tions, i.e. pressure, temperature, oxygen fugacity, and 
composition.  Previous investigations of core forma-
tion mechanisms suggest that the core formed through 
equilibrium separation from a silicate magma ocean [2, 
3], that may have been caused by one or more large 
impacts [4].  Therefore, understanding the behavior of 
molybdenum in silicate melts is fundamental to under-
standing core formation. 

Molybdenum can occur in multiple oxidation states 
and molybdenum solubility as a function of oxygen 
fugacity has been examined [5, 6].   These studies 
were performed at low pressure and relatively low 
temperature.  In the present study, we examined the 
effects of pressure and temperature on molybdenum 
solubility in multiple silicate melts in order to obtain 
results more relevant to core formation. 

Experimental:  Starting materials consisted of a 
synthetic Apollo-14 black glass (high-Ti basalt), a 
natural basalt, and a synthetic peridotite (KLB-1).  
Powdered starting materials for the desired experiment 
were loaded into a molybdenum capsule and capped 
with a friction fit lid.  The molybdenum capsule served 
as the pure metal phase in equilibrium with the silicate 
phase.  All experiments were conducted in a Walker-
type multi-anvil press in the High Pressure Laboratory 
at the Institute of Meteoritics.  The experiment was 
brought up to pressure and temperature and held from 
2-60 minutes (longer time for lower temperature runs).  
The experiment was quenched by cutting power to the 
system.  A drawback of using this set-up is the oxygen 
fugacity of the experiments can only be estimated be-
cause the system has no direct way of measuring it.  
However, oxygen fugacity relative to an oxygen 
buffer, e.g. iron-wustite, would not change much over 
a suite of constant composition experiments. 

Run products were analyzed for major and trace 
elements on a JEOL 8200 electron microprobe (Insti-
tute of Meteoritics).  Molybdenum was measured as 
MoO3 and the element totals were near (+/-0.8 on av-
erage) 100.  During the quench, the silicate formed a 
glass that was interspersed with quench crystals, there-
fore a 20 µm broad beam was used to obtain bulk com-
positions on all samples.  Some samples had small 
blebs of the metal phase that infiltrated the silicate so 
analyses with a point beam were used to confirm no 
metal phase was included in the silicate broad beam 
analysis. 

Results and Discussion:  Over 15 experiments 
were performed and the results of the pressure and 
temperature studies on the black glass composition can 
be seen in Figures 1 and 2.  A temperature range of 
1585-2100 °C was investigated.  Toward the low tem-
perature end, molybdenum solubility increases with 
increasing temperature; though this increase appears to 
level off at higher temperatures.  This is the opposite 
of what [5] showed over the temperature range of 
1350-1436 °C using an anorthite-diopside eutectic 
starting composition.  Over the pressure range investi-
gated, 2.5-9.7 GPa, there is no pressure effect (within 
error) on molybdenum solubility.  This is an important 
observation because the effect of pressure on molyb-
denum solubility had been only narrowly examined to 
date. 

To determine the effect of silicate composition on 
molybdenum solubility, a peridotite and basalt compo-
sition were also investigated.  Table 1 shows the mo-
lybdenum concentration in the silicate melt for all 
three compositions at the same pressure and tempera-
ture.  The black glass and peridotite have similar con-
centrations of molybdenum; however, the basalt com-
position has an order of magnitude less molybdenum 
dissolved in the silicate.  Slight temperature ranges 
were looked at with these compositions as well.  With 
the basalt, an experiment was performed at 1800 °C 
and 2.5 GPa that yielded 1.12 wt.% MoO3 in the sili-
cate, which is within error of the concentration at 2100 
°C.  With the peridotite, an experiment performed at 
2000 °C and 2.5 GPa yielded a MoO3 concentration of 
4.91 wt.% which is similar to the silicate concentration 
at  2100 °C.  Hence, there appears to be no tempera-
ture effect in the basalt and peridotite compositions 
either, but a larger temperature range need to be inves-
tigated.  Furthermore, the effect of pressure on molyb-
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denum solubility in these compositions should be ex-
amined. 

The results of the present study can be compared to 
the literature data on molybdenum partitioning be-
tween Fe-rich metal and liquid silicate.  [7] and [8] 
found the amount of molybdenum in the silicate to 
increase slightly (causing the partition coefficient, D, 
to decrease) with increasing pressure and temperature.  
Both studies concluded that the observed upper mantle 
molybdenum abundances can be obtained from equi-
librium core formation in a magma ocean.  Our results 
do not dispute this conclusion but rather suggest that 
pressure and temperature are less significant to molyb-
denum partitioning than previously thought.  Further-
more, composition has a large effect on molybdenum 
solubility, as shown above, as does oxygen fugacity [5, 
6].     As a result, molybdenum is an ideal element to 
help further constrain these conditions during core 
formation.   

Summary and Future Work: This study deter-
mined that pressure and temperature have a negligible 
effect on molybdenum solubility in silicate melts over 
the pressure and temperature range examined.  How-
ever, varying the silicate composition can change the 
concentration of molybdenum in the melt by an order 
of magnitude.  These results can be related to partition-
ing studies; however, when [9] attempted to directly 
compare the D values of molybdenum partitioning 
experiments to their D values calculated from solubil-
ity experiments, discrepancies were found.  Therefore, 
as future work we will perform molybdenum partition-
ing experiments between silicates and Fe-rich metal, 
and compare the results to our solubility studies, to 
help remedy the present sporadic results.   
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Figure 1.  Plot of molybdenum concentration in the 
silicate melt versus temperature for the black glass 
starting silicate composition.  All experiments were 
run at 2.5 GPa.  Error bars are standard deviations. 
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Figure 2. Plot of molybdenum concentration in the 
silicate melt versus pressure for the black glass start-
ing silicate composition.  All experiments were run at 
2000 °C.  Error bars are standard deviations. 
 
 
Table 1. MoO3 concentration in three different silicate 
melt compositions at the same pressure (2.5 GPa) and 
temperature (2100 °C).  Numbers in parentheses are 
standard deviations. 

  black glass peridotite basalt 
wt.% 
MoO3 

5.00 (0.69) 4.88 (0.92) 0.91 (0.12) 

 
 

References: [1] Palme, H. and O'Neill, H. S. C. 
(2003) In: Carlson, R. W. (Ed.), The Mantle and Core. 
Elsevier. [2] Li, J. and Agee, C. B. (1996) Nature 381, 
686-689. [3] Gessmann, C. K. and Rubie, D. C. (2000) 
Earth and Planetary Science Letters 184, 95-107. [4] 
Tonks, W. B. and Melosh, H. J. (1993) Journal of 
Geophysical Research 98, 5319-5333. [5] Holzheid, 
A., Borisov, A., and Palme, H. (1994) Geochimica et 
Cosmochimica Acta 58, 1975-1981. [6] O'Neill, H. S. 
C. and Eggins, S. M. (2002) Chemical Geology 186, 
151-181. [7] Walter, M. J. and Thibault, Y. (1995) 
Science 270, 1186-1189. [8] Righter, K., Drake, M. J., 
and Yaxley, G. (1997) Physics of the Earth and Plane-
tary Interiors 100, 115-134. [9] O'Neill, H. S. C., 
Berry, A. J., and Eggins, S. M. (2008) Chemical Geol-
ogy 255, 346-359 

Acknowledgements:  Supported by C.B.A.’s 
NASA Cosmochemistry grant. 

1376.pdf41st Lunar and Planetary Science Conference (2010)


