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MAGMATIC IRON METEORITE PETROGENESIS: PARTITIONING OF Ag 
AND Pd BETWEEN SOLID AND LIQUID METAL; Nancy L. Chabot and Michael J. 
Drake, Lunar and Planetary Laboratory, University of Arizona, Tucson, AZ 85721-0092. 

Stimulated by new analytical data for the parent-daughter isotope system 1 0 7 ~ d / 1 0 7 ~ ~  [ l ]  
which appear to be inconsistent with the few laboratory determinations of partitioning behavior [2], 
we have carried out an experimental study of the partitioning of Ag and Pd between solid Fe-metal 
and S-bearing metallic liquid. Silver is incompatible in solid metal and partition coeficients 
decrease with increasing S-content in the metallic liquid. Palladium changes from modestly 
incompatible to modestly compatible in solid metal with increasing S-content in the metallic liquid. 
These new data are used to investigate Ag and Pd systematics in magmatic iron meteorites. 

Introduction: The distribution of trace elements in meteorites can be used to better understand the 
formation and evolution of these primitive bodies. In particular, 1 0 7 ~ d  decays to l 0 7 ~ g  with a half 
life of 6.5 Ma, and consequently, this element pair has been used as a chronometer in iron 
meteorites [I]. Previous experimental studies have shown that solid metaVliquid metal partition 
coefficients are sensitive to the S-content of the metallic liquid [3]. Partition coefficients for Ag 
and Pd have previously only been determined experimentally at the Fe-FeS eutectic composition 
[2]. Thus, to better understand Ag and Pd in iron meteorites, a systematic study of Ag and Pd 
partitioning was conducted as a function of the S-content of the metallic liquid. 

Experimental Method: Experimental methods were similar to previously conducted 
experiments [2,3]. Mixtures of Fe and FeS, with Pd or Ag at the few wt. % level, were loaded 
into alumina crucibles. Crucibles were placed in silica glass tubes which were then evacuated and 
heated to temperatures from 1270 OC to 1455 OC in a Deltech furnace. Charges were held at 
temperature for 7 days to 3 hours, depending on temperature. Runs were quenched in water. 
Liquid metal did not quench to a single homogeneous phase, but to Fe dendrites surrounded by 
Fe S. 

Solid metauliquid metal partition coefficients were measured by electron microprobe 
analysis. For major elements, operating conditions were 15kV and 20nA, with counting times of 
20 sec. for Fe and S and 60 sec. for Ag and Pd. To measure the low Ag contents of the solid 
metal, 200nA and 120 sec. were used. A point beam was used for solid metal and a 16 pm raster 
was used on the multi-phase quenched liquid. Typically, 50 to 100 raster analyses were averaged 
to calculate bulk compositions for the metallic liquids. The S content of metallic liquid was 
independently confirmed by an image processing technique utilizing low magnification back- 
scattered electron images. 

Results: Solid metal was examined for evidence of compositional gradients, but none were 
detected. This lack of compositional gradients together with the agreement between these 
measured partition coefficients and those reported previously by [2, 41 is consistent with 
equilibrium having been attained. Experiments at 1400 O C  with 3, 0.3, and 0.03 wt. % of Pd 
yielded the same partition coefficient value, indicating that Henry's Law is obeyed. 

Solid metauliquid metal weight ratio partition coefficients for Ag and Pd are shown in 
Figure 1 along with previous measurements [2, 41. Silver exhibits the expected chalcophile 
behavior of a decreasing partition coefficient with increasing S-concentration in the metallic liquid. 
The partition coefficient of Pd increases by a factor of 3 with increasing S-concentration, and it 
changes from incompatible to compatible in solid metal. 

These partition coefficients may be parameterized in molar form following [5]: 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



200 LPS XXVII 

PARTITIONING OF Ag AND Pd: Chcabot and Drake 

These parameterizations recover the experimental data well at low S-concentrations, but as the S- 
concentration nears the eutectic composition, the linear trend observed on a ln(D) vs. ln(1 - 
2.18Xs) disappears. Thus, the pararneterizations given in Equation 1 should only be used for S- 
concentrations below about 25 wt. %. 

Discussion: Chen and Wasserburg [I] noted that apparent partition coefficients derived from 
analyses of troilite nodules and adjacent metal in iron meteorites were not consistent with the then 
available experimental data of [2]. Our work shows that although partition coefficients vary with 
S-content, they do not change enough for the Ag and Pd abundances observed in meteorite troilite 
nodules to be explained by simple solid metal/ liquid metal equilibrium. 

Using a plane front crystallization model the abundances of Ag can be effectively modeled 
for the IIAB, IIIAB, IVA, and IVB magmatic iron meteorite groups. The abundances of Pd can be 
modeled for the IIAB, IVA, and IVB groups, but the fit is poor for the IIIAB group. A dendritic 
core growth model [a is being investigated. 

References: [I] Chen, J.H. and Wasserburg, G.J. (1996) JGR in press; [2] Jones, J.H. et al. 
(1993) GCA 57,453; [3] Jones, J.H. and Drake, M.J. (1983) GCA 47, 1199; [4] Fleet, M.E. 
and Stone, W.E. (1991), GCA 55,245; [5] Jones, J.H. and Malvin, D.J. (1990) Met. Trans. 
21B, 697. [6] Haack H. and Scott E.R.D. (1993) GCA 57, 3457. 
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Figure 1. Experimentally-determined solid metwquid metal partition coefficients as a function 
of S-content of the metallic liquid. Note that temperature and S-content inversely vary in these 
experiments. Experiments with 30 wt. % S in the metallic liquid were conducted at 1150 OC, while 
those with 3 wt. % S in the metallic liquid were conducted at 1450 OC. 
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