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THE PARTITIONING OF IODINE BETWEEN SULFIDE LIQUID AND SILICATE 
LIQUID: IMPLICATIONS FOR THE COSMOCHEMISTRY OF IODINE; Mark T. Peters, 
Michael B. Baker, and Donald S. Bumett, Division of Geological and Planetary Sciences, 
California Institute of Technology, Pasadena, CA 91 125. 

Interpreting the I-Xe chronology of meteorites [I] and the Xe isotope systematics in the 
Earth's mantle [2] requires understanding the cosmochemistry and geochemistry of I. In 
addition, the high volatility of I makes it a possible monitor of low-temperature processes in the 
solar nebula. At present, little is known about the condensation of I-bearing species or the 
mineralogical affinity of I in meteorites. I-Xe systematics provide one approach for 
understanding the mineralogical affinity of I; however, none of the current studies have 
revealed a definitive host for I in meteorites [I]. The proposed carriers of I in meteorites (based 
primarily on correlations between 129Xe and I) include apatite [3], sodalite [4,5], enstatite [6,7], 
sulfides [8], and fine-grained surface coatings [9]. Goles and Anders [8] have proposed that I is 
a chalcophile element based on analyses of bulk meteorites and separated phases. Similarly, 
Grossman and Wasson [lo] found that Br correlated with Se in Semarkona chondrules, 
suggesting that Br was also chalcophile. The halogens (I, Br, C1) correlate with both Se content 
and sulfide modal abundance in Chainpur chondrules; however, much of the I was not 
correlated with 129Xe [l l] .  The chalcophile behavior of I has also been noted in terrestrial 
carbonatites and ore deposits [12]. Partitioning experiments provide another approach for 
assessing the geochemical affinity of I, and current results indicate that I is highly incompatible 
in silicate minerals @I of ~0.035, <0.003, and <0.015 for forsterite, diopside, and anorthite- 
silicate liquid, respectively) [13]. We have conducted a series of two-liquid I partitioning 
experiments using sulfide and silicate melts to investigate the chalcophile behavior of I. Our 
experimental results provide constraints on the interpretation of the observed abundances of I in 
coexisting phases in meteorites and chondrules. 

Ex~erimental Methods The sulfide starting material (FeS) was synthesized at 7 W C  from Fe 
and S powders sealed in evacuated silica glass tubes. A small amount of excess Fe was added 
to the mix to prevent the production of FeS2. Two different synthetic silicate starting 
compositions were used: the Di71An29 composition of LaTourrette and Burnett [14] which 
consists of 50.2% SO2, 12.25% A1203, 11.83% MgO, and 24.2% CaO, and a chondrule glass 
composition synthesized by Gerald Fine of Coming Glass which consists of approximately 
61% SO2,  18% A1203, 9% MgO, 7% CaO, and 5% Na20. Initial runs were conducted in a 
Deltech one-atm vextical muffle tube furnace. Mechanical mixtures of sulfide, silicate, and I 
(added as 12) were loaded into alumina or graphite crucibles which in turn were sealed in 
evacuated silica glass tubes, and run at superliquidus temperatures It was difficult to get 
measurable I in either the sulfide or silicate phases because of the highly volatile nature of I. 
One experiment conducted at 13200C for 98 hours in a graphite crucible contained measurable 
(by electron microprobe) quantities of I. The volatility problems were circumvented by 
conducting experiments at 10 kbars in a 1.27 cm piston cylinder apparatus using inner pieces of 
crushable MgO, straight-walled graphite furnaces, and outer sleeves of CaF2. Mechanical 
mixtures of sulfide, silicate, and I2 were loaded into graphite crucibles and sealed inside Pt 
capsules. All runs were conducted at 14000C (superliquidus) for 18-24 hours using the "hot 
piston-in" technique. We also conducted a "reversal" experiment in the piston cylinder using a 
mechanical mixture of chondrule glass (doped with -1.5 wt% I) and sulfide. Abundances of 
the major elements and I were determined by electron microprobe using operating conditions 
optimized to avoid I and Na loss and obtain acceptable counting statistics. 

Results All of the experiments produced two immiscible liquids. The silicate liquid quenched 
to a glass which was very homogeneous in major element and I composition. In contrast, the 
sulfide liquid quenched to a complex intergrowth of Fe-sulfide and Fe-metal; I concentrations 
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were measured with a broad electron beam. Iodine was heterogeneously distributed in the 
quenched FeS/Fe-metal intergrowths; however, there were no consistent correlations between I 
and Fe or S suggesting that I was not preferentially partitioned into either of the quench phases. 
The liquid-liquid D's for I (concentration in sulfide-metal/concentration in silicate) are 
0.06fl.05 @i79An21), 0.13+0.05 @i79An21), and 0.10+0.05 (chondrule glass) for the one-atm 
and two piston cylinder runs, respectively. The errors on the D's reflect 10 point-to-point 
variability in each liquid. The "reversal" experiment yielded a D of 0.2620.06, which is 
somewhat higher than those from the other experiments. The reason for this discrepancy is not 
yet understood. 

~ i s c u s s i o ~  It is apparent from the sulfide liquid/silicate liquid D's presented above that I is not 
highly chalcophile during melting if a silicate and a sulfide liquid are present. However, the 
magnitude of the D's are such that significant amounts of I may be observed in sulfides 
coexisting with silicates if they were in high-temperature liquid-liquid equilibrium. Kehm et al. 
[7] found that the concentration of radiogenic l29Xe in the Shallowater aubrite was an order of 
magnitude less in troilite than in coexisting enstatite. Based on the D's presented here, this 
observation is broadly consistent with I having been in high-temperature liquid-liquid 
equilibrium during the melting event which produced the Shallowater aubrite [15]. Niemeyer 
[16] observed that silicate inclusions in IAB iron meteorites contain more I (8-40x) than troilite 
in the same meteorite. This is also consistent with the I systematics being controlled by high- 
temperature equilibrium between sulfide and silicate liquids. 

The results of our experiments can also be applied to questions of chondrule formation. 
Goswami et al. [17] analyzed I in individual phases in Semarkona chondrules using the ion 
microprobe and found that the I signal was geakst  for troilite followed by chondrule glass and 
silicate minerals (I concentration 10-100x higher in troilite (- 2.5 ppm) than in silicate phases). 
These observations suggest that the analyzed troilite and silicates were not in high-temperature 
equilibrium, and did not both form during a simple melting event. This provides an excellent 
example of how the partitioning data presented here can be utilized in conjunction with a 
systematic petrographic and chemical study of I in chondrules. Sufides are thought to have 
been part of the precursor materials that made up chondrules [10,18]; they occur in both 
chondrule interiors and rims and probably formed by a variety of different processes [10,11]. 
The partitioning of I between coexisting sulfides and silicates in different parts of chondrules 
should vary depending on whether melting, condensation, or continued interaction with nebular 
gas at low temperatures after chondrule formation was a dominant process. Knowledge of the 
high-temperature partitioning behavior may help distinguish any relict grains from the 
metal+sulfide-rich precursor assemblage [lo, 181, and also help in understanding the formation 
of chondrule rims. 
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