
EXPERIMENTAL PARTITIONING STUDIES OF SIDEROPHILE ELE- 
MENTS AMONGST LITHOPHILE PHASES: PRELIMINARY RESULTS USING PIXE 
MICROPROBE ANALYSIS. D.J. Malvin*, M.J. Drake*, T.M. Benjamin*", C.J. Duffy*", M. 
Hollander**, and P.S.Z. Rogers*". *Lunar and Planetary Laboratory, University of Arizona, 
Tucson, AZ 85721 USA ; **Los Alamos National Laboratory, Los Alarnos, NM 87545 USA. 

The partitioning of trace elements between minerals and melt is of great importance to 
geochemistry and petrology, and experimental determinations of partition coefficients (D) have 
been used widely in the construction and evaluation of models of planetary differentiation [e.g. 
1,2]. We are undertaking a series of experiments to investigate the partitioning of siderophile ele- 
ments between solid silicate and oxide phases and coexisting melts under oxidizing conditions. 
Presently there are essentially no experimental values for siderophile element partitioning between 
lithophile phases and melts of basaltic composition. The behavior of moderately siderophile (e.g., 
Ga, Ge, W) and highly siderophile elements (e.g., Os, It-, Au) will help to elucidate models of 
core formation, basalt genesis and planetary accretion. Our results for Ga and Ge have been pre- 
sented [3] and herein we report our reconnaissance results for the partitioning of several highly 
siderophile elements in synthetic minerallmelt pairs as determined by proton-induced X-ray 
emission (PIXE) microprobe analysis. In addition we have obtained partition coefficients for a 
suite of other elements in the same samples, demonstrating the utility of the PIXE microprobe for 
the determination of experimental partition coefficients. 

Sample compositions in the pseudo-ternary system forsterite-diopside-anorthite were 
prepared from reagent grade oxides by repeated fusion and grinding. Samples were run in vertical 
muffle tube furnaces, either as beads on Pt loops in air or in sealed Pt tubes, and were 
equilibrated at 1300°C subsequent to homogenization at super-liquidus temperatures. Major 
element analyses were performed with an electron microprobe using standard techniques and ZAF 
corrections. Trace element analyses were performed with the Los Alarnos PIXE rnicroprobe using 
a 2.5 or 3.0 Mev accelerating potential, a spot size of approximately 20 pm, and an energy 
dispersive Si(Li) X-ray detector. The data reduction procedure [4] involves deconvolution of 
overlapping peaks and least squares fitting of individual regions of the spectrum as well as of the 
entire spectrum. An internal standard is used for the trace element analyses; all of the data are 
calculated relative to Ca, a major element for which we have electron microprobe analyses. This 
standardization procedure may compromise the absolute accuracy of the trace element data, but the 
ratio of solid to liquid concentration @) should be well-determined. 

A forsteritelmelt experiment which was doped with IrO, and run in air showed substantial 
loss of Ir, presumably either by volatilization of an oxide of Ir at high temperature or by alloying 
with the Pt loop. Thus, sealed containers must be used. Compositions of one sample forsterite 
and its coexisting melt from an experiment conducted in a sealed Pt container, along with the 
measured partition coefficients, are given in Table 1. This sample is from our series of Ge 
investigations [3]. The reagent grade starting materials are the likely source for most of the trace 
elements since our compositions were nominally composed only of CaO, MgO, A1203 and SO2. 
This "contamination" was anticipated and allows for the simultaneous measurement of ten or more 
partition coefficients in a single experimental sample. Several of our experiments were heavily 
contaminated with W which presumably is a residue from previous experiments in this laboratory 
[5] .  The noble siderophile elements Re, Os, Ir, Pt and Au were not added to the starting material 
either but may have come from the agate mortar and pestle, and the Pt crucibles, tubing and wires 
used in the preparation and execution of the experiments. Although our results for the highly 
siderophile elements are preliminary, forsterite may indeed be capable of fractionating these 
elements during mantle melting and crystallization processes. Fractionation in a series of komatiite 
flows has been interpreted to show that Ir and 0 s  are compatible @>I) and Au incompatible 
@<I) with olivine [6]. Our single sealed-capsule experiment is in agreement with this deduction 
,even though our data provide only upper limits for several elements. 
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A summary of measured partition coefficients in other mineramelt pairs is given in Table 
2. Our measured partition coefficients for several elements (e.g. Ti, Cr, Mn, Ni) compare favor- 
ably with other experimental values [A for each of the phases we have so far investigated. For this 
reason the balance of our partition coefficient measurements should approach equilibrium values. 
Of particular interest for our future investigations is the apparently high compatibility of Ir and Pt 
in spinel. . 

The most obvious and exciting development in this investigation so far is the demonstra- 
tion that the PIXE microprobe is able to measure ppm level partition coefficients for several ele- 
ments simultaneously in experimental samples, thus providing an opportunity for correlating 
several partition coefficients with experiment run conditions, and a means of testing Henry's law 
behavior at concentrations approaching or equivalent to those found in nature. Experiments in 
progress using highly siderophile elements deliberately introduced as components in our starting 
materials should provide a complete set of partition coefficients. 
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Table 1. Concentrations relative to Ca, and 
partition coefficients, for a forsteritefmelt pair 
(experiment 32.1B [3]) run at 1300°C in a sealed 
Pt tube. All concentrations in ppm except for 
oxides (weight per cent); nd - not detected. 

Table 2. Summary of reconnaissance partition coef- 
ficients measured by PIXE rnicroprobe for niinerallmelt 
pairs in the system forsterite-diopside-anorthite at 
1300°C; nd - not detected. 

A1203 0.26 19.4 
FeO 0.05 0.18 
MgO 57.9 14.5 
w w m  
Total 101.8 99.6 
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