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Introduction Geologists and geochemists have 
been studying the abundance and distribution of the 
isotopes of U for more than a century. If we want to 
understand how U is distributed in the Earth or Mars, 
the abundance and isotope characteristics of Pb (the 
radiogenic daughter of U235 and U238) are useful 
parameters. Pb has a relatively low abundance in the 
primitive Earth’s mantle in comparison with 
meteorites [1]. Pb could be lost during planetary 
accretion (because of its volatile nature) and core 
segregation [1]. In parallel, many authors have 
discussed the possibility that radioactive decay of U 
and Th might be an important heat source within 
planetary cores [2, 3]. Previous experimental studies 
[2] have shown that under reducing conditions U and 
Th deviated from lithophile character and 
concentrated in sulfides. Several lines of evidence 
suggest that the Earth’s core and the Martian core 
possess a significant proportion of light elements [4], 
[5]. The light components could be constrained from 
determining the physical conditions of core formation 
in these early planets. In order to quantify possible 
fractionation of U and Pb into a metallic core 
containing light elements, we have performed an 
experimental study at high pressure (HP) and high 
temperature (HT) and determined the partition 
coefficient Dmet-sil of Pb and U (wt% in metal / wt% 
in silicate) between metal and silicates at HP-HT. 

Experimental and analytical procedures. 
Multianvil experiments were performed at 5 and 15 
GPa and 1900°C. The partitioning of Pb and U 
between liquid metal and silicates have been 
investigated at different oxygen fugacity, with 
different starting silicate and metal compositions. In 
order to be relevant to the light elements of the 
Martian or Earth’s cores, we have performed 
experiments with (Fe, S), (Fe, Si) but also with (Fe, 
S, Si) metallic phases, as S is a possible candidate for 
these planetary cores [4, 5], and Si a good canditate 
for the Earth’s core [6]. Samples were analyzed with 
a Scanning Electron Microscope (SEM) equipped 
with a energy-dispersive X-ray analyzer (EDX). A 
CAMECA SX electron probe microanalyzer 
(EPMA), equipped with wavelength dispersive X-ray 
spectrometer (WDX) was also used to analyze the 
samples. In samples #282 and #279, the 
concentrations of trace elements in metal and in 
silicates have also been measured by µPIXE 
operating at 2 MeV and 400pA with a focused 4 x 

4µm2 beam. We obtained a good agreement between 
these two independent analytical methods. The 
oxygen fugacity fO2 in most experiments has been 
calculated by using two independent buffers : 
iron/wüstite (IW) and SiO2/Si, allowing to link 
consistently the Fe contents in silicates, the Si 
contents in metal (when present) and the 
temperatures of the experiments according to [7]. 

Results. Under the pressure (5 or 15 GPa)-
temperature (always 1900°C) conditions of the 
experiments, the metal was always liquid. In each 
sample, several chemical profiles have been made 
with EPMA in order to test local equilibrium. The 
largest particles of metal observed in the samples 
(between 200µm and 50µm) in contact with silicates 
exhibit the same global composition as the tiny metal 
grains (between 10µm and 4µm) embedded within 
the silicate matrix. This is a first indication for local 
equilibrium at the scale of several tens of 
micrometers in these samples ; a second indication is 
the absence of chemical zoning in the silicates. Some 
chemical zoning in the metallic phases have been 
characterized and are interpreted as quenched melt 
textures, since it is almost impossible to recover 
homogneous quenched metallic phases with our 
starting metallic compositions as already observed in 
previous similar studies  with (Fe, S) and (Fe, S, Si) 
metallic phases [8] or with (Fe, Si) phases [9]. Also, 
[10] and [11] have demonstrated attainment of 
equilibrium in similar experiments in less than 4 
minutes although our experiments have been lasted 
between 6 and 10 minutes. Our results have been 
summarized in Fig. 1 as a function of oxygen 
fugacity calculated from Fe contents in metal and 
coexistent silicates, at different pressures. Pb remains 
siderophile at HT-HT and at low fO2 and with a metal 
without S. Its partition coefficient depends on the 
silicate and metal compositions (see the 2 « high 
fO2 » data from [11] and [12], where the metallic 
composition is almost pure iron) and also on the 
pressure. The partition coefficient of U seems to be 
also pressure dependent and shows a light decrease at 
HP with the same starting composition. 
Discussion. A first important conclusion for this 
study is that Pb remains siderophile even with a metal 
without sulphur. A direct comparison with previous 
studies is not straightforward because these partition 
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coefficents depend on the composition of the silicates 
and metals, they also depend on the pressure, 
temperature and redox conditions. Particularly, the 
comparison with the DU

met-sil of [3] is very difficult 
since these authors acknowledged the fact that some 
of their samples were not equilibrated and didn’t give 
the real fO2 of their experiments. Their values for 
DU

met-sil were between 0.002 and 2, over the 
temperature range 1150°-1350°C and the pressure 
range 1 bar – 15 kbars. The other interesting point of 
this previous study is that their stronger U content in 
metal was obtained with Si-bearing metal, such as 
our study. Anyway, these authors emphasized that U 
became siderophile under low oxygen fugacity.  

Our Pb and U partition coefficient obtained 
at 15 GPa , 1900°C and ∆IW–3.2, with « C1 glass + 
(Fe, Si) » as starting materials, may be used to 
constrain the U and Pb content in the Martian or 
Earth’s cores. The Pb content of the Earth’s mantle is 
given by different studies (e.g. [14, 15]). We have 
made the assumption that the silicate mantle have 
been in equilibrium with the core. We have obtained 
a Pb content for the Earth’s core from 2.4 to 0.6 ppm. 
These results agree with of the models proposed by 
[16]: 0.4 ppm or [17] :7.4 ppm. U content in the 
silicate Earth’s upper mantle or in the Martian mantle 
are given by [15] and [18]. With a metal in 
equilibrium with these silicates, it could be possible 
to incorporate between 1 to 6 ppb of U in the Earth’s 
core and around 2ppb in the Martian core. The 
Earth’s core heat production is estimated around 7 
TW [19]. 1 or 6 ppb of U in the Earth’s core would 
produce less than 1 TW. This value is well below the 
required heat production but more experimental work 
should be done to be abble to refine this value.  

Conclusion. At HP-HT, Pb remains siderophile 
even with a metal without sulphur while the litophile 
character of U seems to lightly decrease. These first 
results heighten the importance of doing more 
experimental work at HP-HT and fO2 relevant to the 
early Earth and Mars.  

 
References: [1] Allègre C. (1982) Tectonophys., 

81, 109-132. [2] Furst M. J., Stapanian M.I., Burnett 
D.S. (1982), GRL, 9, 41-44. [3] Murell M.T. and 
Burnett D.S. (1986) JGR, 91, 8126-8136. [4] Poirier 
J.P.(1994) PEPI., 85, 319-337. [5] Gudkova T.V. and 
Zharkov V. N.(2004) PEPI., 142, 1-22. [6] Allègre 
C., Manhès G., Lewin E. (2001) EPSL 185, 49-69. 
[7] Malavergne V, Siebert J, Guyot F, Hammouda T, 
Gautron L, Combes R, Borensztajn S, et Frost D 
(2004) GCA, 68, 4201-4211. [8] Siebert J., 
Malavergne V., Guyot F., Combes R.  et Martinez I. 
(2004) PEPI.,144, 421-432. [9] Kuwayama Y. and 
Hirose K. (2004) Am. Mineral., 89, 273-276. [10] 
Othani E., Yurimoto H., Seto S. (1997) Phys. Earth 

Planet. Int. 100, 97-114. [11] Gessmann, C.K. and 
Rubie, D.C. (1998) GCA, 62, 867. [12] Ohtani and 
Yurimoto (1996) GRL., 23, 1993-1996. [13] Jones J. 
(1995) in Rock Physics and Phase Relations, AGU, 
73-104. [14] Kramers  J.D. and Tolstikhin I.N. (1997) 
Chem. Geology, 139, 75-110. [15] Zartman and 
Haines (1988) GCA, 52, 1327-1339, [16] Mc 
Donough (2002) SEDI 2002. [17] Calderwood (2000) 
(abstract) Goldschmidt conference. [18] Longhi J., 
Knittle E., Holloway J.R. and Wänke H. (1992) In 
Mars, Univ. Arizona Press, Tucson, 184-208. [19] 
Labrosse S., PEPI., 140, 127-143, 2003. 

 
Figure 1: Summary of experimental partition 

coefficients of this study for Pb and U and previous 
results (Ohtani et al , 1997, Ohtani and Yurimoto, 
1996 and Jones, 1995). The experimental partition 
coefficients are plotted vs fO2 relative to IW at 
different pressures. Similar symbols (triangle, square 
or circle) represent a same starting composition. 
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