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m A L  SOLUBZLITIES AND PARTITIONING BEHAVIOR OF NOBLE 
METALS AMONG LITHOPHILE MAGMATIC PHASES. C J. Capobianco, MJ. 
Drake, Lunar and Planetary Laboratory, University of Arizona, Tucson, AZ 85721 and 
P.S.2 Rogers, Los Alamos National Laboratory, Los Alamos NM 87545 

Introduction: The geochemical notoriety of noble metal abundances (i.e., the platinum 
group elements plus Au) in planetary materials rests mainly with their highly siderophile 
behavior. However, in the absence of metallic iron phases, i.e., in most terrestrial igneous 
systems, the considerable chalcophile tendencies of the noble metals can strongly influence 
noble metal abundance patterns if and when sulfide phases are fractionated. Recent work 
[l] describes an important application of noble metal abundance patterns in terrestrial rocks 
which is to reveal the relative timing of sulfide saturation during igneous evolution. Where 
sulfur and oxygen fugacities prohibit the expression of the siderophile and the chalcophile 
tendencies of the noble metals the evolution of noble metal concentrations in igneous 
systems may be largely controlled by the solubility and partitioning behavior of the noble 
metals among lithophile phases. Very little is known from experimental studies about the 
lithophile behavior of the noble metals in geological materials [2,3]. To better interpret the 
growing body of geochemical analyses of noble metals in igneous rocks (recently reviewed 
by [4]) we report results from an experimental program to evaluate partitioning and 
solubility relations of noble metals in the liquidus regime of the Ca0-Mg0-Si02-A1203 
s stem. 
dxperimental Methods: All experiments reported are equilibrations at atmospheric 
pressure made in a controlled atmosphere, resistance heated (MoSi2 elements) furnace 
equipped with PtIRh thermocouples and zirconia solid electrolyte oxygen sensors. Noble 
metal s'tarting materials were either pure metallic phases or alloys synthesized by 
superliquidus fusion of the pure elements. Sample containers were either silica tubes or 
spinel capsules made by diamond drilling synthetic single crystal spinel boules. Oxide 
mixes were used as starting materials but were in most cases prefused under an 
oxyacetylene torch in the spinel capsules. Compositional analyses of run products were 
obtained by a combination of electron microprobe analysis at the University of Arizona and 
p-PEE analysis at Los Alamos National Lab [5]. 
Solubility Experiments: One atmosphere Pd solubilities in a silicate melt at 1450°C 
were measured for different furnace atmospheres to investigate the dependence of noble 
metal solubility on oxygen fugacity. The Pd concentrations in the quenched glass 
(measured by electron microprobe, see Table 1 and Figure 1) show a positive correlation 
with oxygen fugacity, as expected if melt solubility is controlled by oxidized Pd species. 
This behavior contrasts with that reported for Ir in silicate melts where a negative 
correlation with oxygen fugacity was reported [3].. The curvature exhibited by the Pd vs 
log fg;! trend may be due to changing oxidation state of the dissolved Pd species. 

Table 1. Palladium solubilities in silicate melt* at 1450°C, and imposed oxygen fugacities. 
Pd [in ppm] 1 120(100)§ 7 lO(60) 450(150) 440(90) 270(60) c50 
log fg;! 0.0 -0.7 -2.4 -3.7 -5.1 -6.1 
atmosphere 0 2  air C02 c021H2 c02m2 c02m2 
*in wt. 9% Ca0=12.80; Mg0=7.65; A1203=35.14; Si02=44.60; $ standard deviation of 
mean e-probe analyses 

To determine if the experimental solubilities, which are high compared to natural levels, 
are in the H e ~ a n  concentration range for the silicate melt, a series of Au/Pd alloys were 
equilibrated in air at 1450°C with a silicate melt and analyzed for noble metals by p-PIXE 
(Au and Pd PIXE analyses in Table 2 and Figure 2). The greater sensitivity of PIXE 
analysis allowed determination of Au concentrations below 10 ppm and in general yielded 
smaller standard deviations for replicate analyses. The smoothly trending concentrations as 
a function of alloy composition indicate that there is little or no interaction between noble 
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metals in the melt, The noble metal concentrations are a simple reflection of the imposed 
activity, see [a for further use of this data. 

Table 2. Pd and Au solubilities in silicate melt at 1450°C and AuIPd alloy concentrations. 
Au [in ppm] 56(2.1)* . 40(1.7) 22(1.5) 14(1.8) 8(0.8) 
Pd [inppml 0 128(20) 283(3) 427(85) 555(4) 
P&AU-&O~ o.o** 0.23‘ . 0.52 0.68 - 0.81 - 

*average for two or three PIXE analyses, error in parentheses is the larger of counting - 
statisti;d,error or the standard deviatidn. *%no1 fraction Pd in alloy meas& by e-probe. 
Partitioning Experiments: Some early results of an ongoing project to determine 
noble metal partitioning among basaltic lithophile phases are reported in Table 3. Analyses 
f6r Pd, Ru, and Rh were made on coexisting phases using electron microprobe techniques 
while the upper limits on partition coefficients for Au and Pt were based on p-PIXE 
analyses in quenched glasses and PIXE detection limits in coexisting crystals.Spinel/melt 
partition coefficients show the most contrast in behavior exhibiting both highly compatible 
and incompatible values among the noble metals. The spineVmelt partitioning for Ru, Rh 
and Pd is further discussed in [7]. The current database suggests that among basaltic 
liquidus phases Ru is the most compatible with partition coefficients near or greater than 
unity for spinel, forsterite, and diopside. Palladium, Au, and Pt appear to be incompatible 
in lithophile phases, although the degree of incompatibility is not yet well constrained. 

Table 3. Summary of noble metal cry stallliquid partition coefficients 
phasefmelt T(T) Ru Pd Au Rh Pt 
spinel 1450 25 (9) <0.02 <O. 1 78(15)" -- - 

1300 22(9jl - - go(ioj4 -- 
forsterite 1300 0.9(0.5)1 0.5(.2)1 -- - -- 

1450 -- <0.2 -- -- -- 
diopside 1300 2.0(.7)2 ~ 0 . 3  <O. 1 ~ 0 . 8  <1 
anorthite 1300 <0.4 <0.2 -- <0.3 -- 
lvariance of probe analyses for each phase propagated through to the quotient; *standard 
deviation of D's from replicate runs; 3single analysis for each phase; 4standard deviation of 
D's within single run 
References: [I] Barnes et al. (1988) In Geo-Platinum 87 eds. Prichard, Potts, Bowles 
and Cribb, Elsevier App. Sci. NY and London p. 1 13-143; [2] Malvin et al. (1986) 
L.P.S. 17h, p.514-515.; [3] Amosse et al. (1987) C.R. Acad. Sc. Paris, v. 19 p. 1183- 
11 85; [4] Barnes et al. (1985) Chem. Geol. v. 53 p. 303-323; [5] Rogers et al. (1 984) 
Nucl. Inst. and Meth. Phys. Res. B3 p 671-676; [6] Capobianco (this volume); [7] 
Capobianco and Drake (in press, G.C.A.)This work supported by NSF Grant #EAR86-18266 
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