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Introduction: The depletion of the sidero-
phile elements in the Earth’s upper mantle relative to
the chondritic meteorites is a geochemical imprint of
core segregation [1]. Therefore, metal/silicate partition
coefficients (Dm/s) for siderophile elements are essen-
tial to investigations of core formation when used in
conjunction with the pattern of elemental abundances
in the Earth’s mantle [2-4]. The partitioning of sidero-
phile elements is controlled by temperature, pressure,
oxygen fugacity, and by the compositions of the metal
and silicate phases.

Several recent studies have shown the impor-
tance of silicate melt composition on the partitioning of
siderophile elements between silicate and metallic lig-
uids. It has been demonstrated that many elements
display increased solubility in less polymerized (mafic)
melts [5]. However, the importance of silicate melt
composition was believed to be minor compared to the
influence of oxygen fugacity until studies showed that
melt composition is an important factor at high pres-
sures and temperatures [6,7]. [8] found that melt com-
position is aso important for partitioning of high
valency siderophile elements. [9] conducted 1 atmos-
phere experiments, varying only silicate melt composi-
tion, to assess the importance of silicate melt composi-
tion for the partitioning of W, Co and Ga and found
that the valence of the dissolving species plays an im-
portant role in determining the effect of composition on
solubility. In this study, we extend the data set of [9]
to higher pressures and investigate the role of silicate
melt composition on the partitioning of the siderophile
elements W, Ge, Ga and Ni between metalic and sili-
cateliquid.

Experimental Procedure: Experiments were
performed in the Experimental Geochemistry Labora-
tory at the University of Arizona utilizing a non-end
loaded piston cylinder apparatus with a barium carbon-
ate pressure medium. Starting materials were created
by combining the mafic and silicic compositions of [9]
with Fe powder (=25 wt% of the total mixture) to
achieve metal saturation. Small amounts of W, Ge,
GeO, Ga,05 and NiO powder (<2 wt% each) were also
added to the starting compositions. The experiments
were contained in a graphite capsule and performed at
temperatures of 1400 and 1500°C and pressure fixed at
1.5 GPa. Experimental run products were analyzed
with the University of Arizona Cameca SX50 electron
microprobe with four wavelength dispersive spec-
trometers and a PAP ZAF correction program.

Experimental results: All experiments saturated
with silicate liquid and metal. The metal phaseis pre-
sent as round, homogeneous blebsindicating it wasin a
liquid state at run conditions. The presence of ametal
phase also indicates that oxygen fugacity was below
the IW buffer. Two experiments also contain agal-
lium-rich spinegl as an additional saturating phase. The
more mafic experiments invariably contain abundant
guench-growth crystals in the I|qU|d (predom| nantly
(Fe,M@)O) that =
hindered microprobe
analysis (Figure 1).
Several stepswere
taken to obtain quench
crystal free glass,
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. ! member experiment displaying the
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Ni. Ni displays an essentialy flat sope (0.09)
within the error of our analysis, with Dy™® = 1000 at
nbo/t = 2.97 and Dy;™® = 1000 at nbo/t 1.10. The slope
of the best fit line is nearly identical to the one found
by [8] for Co* (Figure 2).

W. We find that W is incompatible over the range
of compositions used in this study with the exception
of one Ni-free experiment with nbo/t of 1.48 (Dy,™® =
14). A duplicate set of Ni-free experiments was con-
ducted because of analysis interferences between nickel
and tungsten. Tungsten displays a systematic behavior
of increasing compatibility as melts become more
silicic, with Dy™® = 0.0005 at nbo/t = 2.97 and Dy,™* =
0.09 at nbo/t = 1.1. The dope of the best fit line for the
Ni-free W data in nbo/t vs. log D space is -1.22 and
close to the value of -1.34 found by [9] and indicates
that W is present in the 4+ valence.

Experiments with no Ni present yield wstematically
higher partition values for W (see Table 1) with D,™®
= 0.13 at nbo/t of 2.83 and Dy,™® = 14 at nbo/t of 1.48.
These values are an order of magnitude larger than the
Ni-bearing values at similar nbo/t values. The slope of
the best fit line is similar to the Ni-bearing experiments
(-1.6 vs. -1.2). Why this discrepancy exists is not un-
derstood at this time but further experiments are in
progress to verify the numbers and resolve the issue.
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Ge. Partition coefficient values for Ge between me- Table 1. Log of experimentally determined coefficents.
tallic and silicate liquid range from 11 at nbo/t of 2.83 Exp# nbott logDg logDg logDy log Dy
to 240 at nbo/t value of 1.5_2. Of the eight experi ments PM.S 110 21 16 1.0 20
in the set, two were run Wlth Ge a_dded to the mix as M0 LS2 24 12 16 20
GeO,. These two experiments display much lower
Dae™ values (0.12 at nbo/t of 2.75 and 2.5 at nbolt of PM-7 240 12 L 2T 34
1.48) The reason for this discrepancy is not known, PM-9 297 1.3 -1.0 -3.3 30
but it may be due to lack of equilibrium. Further ex- PM-19 148 0.4 0.8 1.2 -
periments are in progress to resolve this problem. The PM-20 275 -0.9 0.9 -1.6 -
dopes of the Ge and GeO, doped experiments in PM-15 2.76 1.1 24 0.5 -
|OgD(m/5)'nb0/t space are similar (-067 and '105) indi- PM-18 2.83 1.1 -1.0 -0.9 _
cating that Ge becomes more lithophile in very mafic GeO doped experiments

melts but remains compatible in the metal (with the
exception of one GeO, doped experiment). These val-
ues plot well above where predicted in a plot of slope
vs. valence (Figure 2). No observable differences were
noted between the Ni and Ni-free experiments.

Ga. Gallium behaves as an incompatible element
over the range of experiments with the exception of
two experiments. Two experiments that were also
doped with GeO, yield Dg.™® values that are system-
atically higher than experiments doped with Ge pow-
der. In these two experiments, Ga behaves as a com-
patible element with Dg,™® = 8.4 at nbolt of 2.75 and
D@,am’S = 5.7 at nbo/t of 1.48. In experiments doped
with Ge powder, Ga displays a dightly negative slope
(-0.14) with Dg,™® = 0.10 at nbo/t = 2.97 and D™ =
0.03 at nbo/t = 1.1. The slope value plots closer to that
found by [9] but is still above what would be predicted. 15 B

Conclusions: In general we find the same depend-
ence of slope of data in nbo/t vs. logDy, against oxida-
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tion state at 1.5 GPa as found by [9] at 1 bar. We are 16k e
conducting further experiments to assess whether fail- 1 1 1 g 1 1
ure to achieve equilibrium and/or non-ideal thermody- o2y 3 4 S+ 6
namic effects can account for apparently aberrant W oxidation state
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Figure 2. Slope of nbo/t vs Log DM.rs plotted against
valence



