
LPS XXVII 1295 

l i ~ e  SYSTEMATICS IN SULFIDE (FeS) AND SILICATE IN A CHONDRULE 
FROM SEMARKONA; T.D. Swindle1, J.N. Goswami', K. Kehm3 and C.M. Hohenberg3, 'Lunar 
and Planetary Laboratory, University of Arizona, Tucson AZ 85721 -0092 USA, 'Physical Research 
Laboratory, Ahmedabad-380 009, India, 3McDonnell Center for Space Sciences, Washington 
University, St. Louis MO 63130 USA. 

Abstract: In-situ determination of iodine content in silicate and sulfide (FeS) phases of a 
Semarkona chondrule was accomplished by laser-probe mass spectrometry. The I-Xe systematics 
for the analyzed phases are in agreement with bulk chondrule data obtained earlier by conventional 
mass spectrometric techniques. The iodine contents in FeS are slightly higher than in the silicate. 

Background: '291 decays to lZ9Xe with a halflife of 15.7 Ma, potentially providing a sensitive 
chronometer of early solar system events. Although the presence of extinct 1291 has been 
recognized, and the 1291/1271 ratio determined, in more than 100 meteoritic samples, the meaning of 
these ratios is still not clear, primarily because the conditions required for resetting the I-Xe clock 
are not well understood 11 I. A major factor contributing to that uncertainty is the fact the location 
of the I is unknown in most meteorites. The present study reports the first results from laser-probe 
mass spectrometry studies aimed at in-situ measurement of iodine contents in silicate and sulfide 
(FeS) phases of individual chondrules. Results from ion microprobe studies of the same phases [21, 
and INAA and conventional I-Xe analyses of the bulk chondrules 131 were reported earlier. The ion 
probe studies suggested that iodine contents in the silicate phases vary from close to the detection 
level of about 20ppb (olivines) to about 140 ppb (pyroxene and glass), whereas the data for FeS 
yielded values of about 1 ppm [21. Silicate glass of known iodine content (0.1 %) was used as a 
standard, and in the absence of a sulfide or crystalline silicate standard, it was assumed that the 
yields of all phases are identical. 

Methods: Most of the material studied is from chondrule CD-84 [31. These fragments were 
separated from the rest of the material after irradiation and mounted in epoxy for SEM and ion- 
probe analyses. For the present study, we extracted the samples from the epoxy, cleaned them, 
and pressed them into high-purity Pb. We then used a Q-switched Nd-YAG laser and a computer- 
controlled X-Y stage [41 to excavate spots roughly 100pm square and 20-80pm deep, including 
spots previously analyzed by the ion microprobe. The Xe liberated during the excavation of each 
spot was analyzed in a high-sensitivity pulse-counting noble gas mass spectrometer in the 
Washington University lab. The chemical composition of the sputtered areas was measured both 
before and after the analysis by an SEM equipped with an energy dispersive X-ray detection 
system, and the pit sizes were calculated using both SEM and optical microscopy. Excavated 
masses were computed by assuming densities typical of pyroxene (3.4 g/cm3), FeS (4.75 g/cm3) or 
a mixture (4 g/cm3). Table 1 gives results for the six pits which yielded Xe amounts significantly 
above background (two preliminary, low-power shots on other fragments of CD-84 did not give 
measurable signals, nor did two shots at fragments of another chondrule). Blanks (not tabulated) 
are atmospheric, and range from 30% of the 13'Xe for pit #8 to 1 % for pit #4. Most of the 
129Xe/132Xe ratios are only slightly larger than 1.0, suggesting that the lZ9Xe is dominated by either 
trapped Xe ('29Xe/132Xe = 1.03 in this chondrule [31) or atmospheric contamination Xe 
(129Xe/132Xe =0.98). Amounts of iodine-derived 128Xe, and the iodine-derived 129Xe/128Xe ratios, 
were calculated by assuming that all 130Xe (or 13'Xe) above blank level has the composition of 
ordinary chondrite (FVC) trapped Xe 151, except for 12eXe/132Xe = 1.03 * 0.01. 

Discussion - Iodine abundances: Goswami et al. [21 determined I abundances of 1 ppm for 
FeS and 140 ppb for pyroxene in chondrule CD-84, assuming that the secondary ion yields for FeS, 
pyroxene and standard glasses were identical. Swindle et al. [31 determined a bulk I content of 36 
ppb for this chondrule, based on noble gas measurements. We measured I contents of 160ppb for 
FeS and 60-140 ppb for pyroxene. Like the ion probe data, these suggest that I is more abundant 
in FeS, but given the uncertainties (1 o of 10-30% on counting statistics and decomposition, 20- 
40% on weight), it is possible that there is no difference between major minerals. The silicate 
measurement is quantitatively consistent with the ion probe measurement, but the FeS 
measurement is a factor of about six lower, suggesting that the secondary ion yield from FeS may 
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be higher than from silicates. Further work to test this is in progress. In addition, all three 
measurements are somewhat higher than the measurement of the bulk chondrule by [31, who also 
used noble gases. However, iodine may be inhomogeneously distributed -- these areas gave the 
highest iodine contents of the silicates analyzed by the ion microprobe [21. 

Discussion - I-Xe ages: Brazzle et al. 16,71 have showed that the apparent I-Xe ages of 
different minerals within the same meteorite can differ, at least for the achondrite Acapulco and 
several equilibrated ordinary chondrites. Within Semarkona chondrule CD-84, at least, the iodine- 
derived 12eXe/128Xe ratios of spots 6 and 8, which appear to be pure FeS and pure silicate, 
respectively, apparently differ by no more than 3-4 Ma (1 0). Other analyses, on areas with lower 
purity or lower 128Xe/132Xe ratios, are similar, although they are not reported here. This is 
consistent with the idea that difference between minerals arise from secondary processing, and that 
this chondrule was not exposed to secondary processing more than a few Ma after it formed. 

In their conventional I-Xe study of this chondrule, Swindle et al. [31 found two isochrons, at 
intermediate and high temperatures, respectively, as well as low-temperature extractions with much 
more lZ8Xe. Although the difference between the two isochrons (about 3 Ma) would not be 
resolvable here because of the uncertainties, the data for both pits are consistent with those 
isochrons, rather than the bulk chondrule (Fig. 1 ). This suggests that perhaps much of the low- 
temperature uncorrelated lZ8Xe that is seen in step-heating experiments in located on or near grain 
boundaries, since the laser analyses tried to avoid such locations. 

Table 1: I-Xe analyses of spots on Semarkona chondrule CD-84 

Spot Mass 
3 5.4 
4 5.4 
5 1.1 
6 1 .O 
7 0.4 
8 1.6 
Bulk [31 

Comp. 13'Xe 
Sil. 15 
Sil. 23 
Mixed 52 
FeS 22 
Mixed 28 
Sil. 1 .6 

4.3 

Masses in pg, gas abundances in 10.' cm3STP/gm, iodine in ppb 

Figure 1: I-Xe systematics of the shot into pure FeS (#6) and 
the shot into silicate that gave clearly resolved I-derived gas. 
Bulk chondrule composition and isochrons from [31 also 
shown. 
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