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STUDIES OF THE DIFFUSION PROPERTIES OF THE I-XE SYSTEM IN BJURBOLE; 
M. K. Burkland and T. D. Swindle, Lunar and Planetary Laboratory, University 
of Arizona, Tucson, AZ. 

Due to the measurable amounts of 12'xe found in meteorites that can be 
attributed to the beta decay of "'I (half-life 16 Ma), the I-Xe system 
presents a promising opportunity to constrain the time of formation of various 
solid bodies in the solar system. Unfortunately, the geochemical properties 
of I are not well understood. Two possible scenarios for release of 
radiogenic 12'xe ("129~e*") have been proposed. In one, the mobility of 12'xe* 
is governed by diffusion in mineral grains [I]. The second suggests that 
mineral grains that solidified at specific temperatures trapped the 12'1 
within them, and that the resulting 12'xe* is only released when those 
minerals melt 121. Determining the nature of the release of the 12'xe*, 
whether it be trapped in a mineral site or free to diffuse (or a combination 
of both), is necessary to establish the closure temperature and evaluate the 
resulting age. 

Procedure: In an attempt to determine the thermodynamic behavior of 
l2'Xe* in ordinary chondrites, specifically in the well-studied meteorite 
Bjurbole, we measured the retention of l2'Xe* under different time and 
temperature conditions. Approximately 1 gram of Bjurbole was ground and 
sieved to 250 microns. Several aliquots of approximately 50mg each were 
prepared. Each of these samples was placed in an alumina crucible and sealed 
under vacuum (approximately 10 millitorr) in quartz tubing. Samples were then 
heated to 1000°C, llOO°C or 1200°C, for times ranging from 1 hour to 14 days. 
Quantities of 7 to 14 mg were then loaded into the extraction line of a noble 
gas mass spectrometer along with samples of the crushed, but unheated, 
Bjurbole. Samples were heated to >1500°C in a resistance-heated Ta furnace 
and the released gas was purified by exposure to freshly deposited Ti films 
and to SAES getters. Light gases were cryogenically separated, and the Xe was 
analyzed in an ion-counting VG5400 mass spectrometer. 

Amounts of lZ9xe* were corrected for trapped 12'xe (and blanks) by 
assuming a 129~e/132~e ratio of 1.01+0.03 in the trapped component, which 
encompasses air (0.98) and Bjurbole trapped Xe (1.04, [I]). In one case (the 
336-hour sample), we assumed the background was atmospheric (with a 1% 
uncertainty), since the 13'xe amount was considerably higher, the 129~e/132~e 
and 136~e/132~e ratios much closer to air than to other Bjurbole samples, and 
the furnace crucible sprung a large leak during its next heating. 

Results: Our discussion will concentrate on the 1000°C data, which is 
most diagnostic, and for which our data set is the most complete (Table 1). It 
is obvious that all samples have lost some radiogenic Xe, but it is not 
obvious whether there is any difference in the amount of Xe lost. Even with 
the present uncertainties (which we hope will be reduced as we analyze 
replicates), it is clear that heating for 2.5 orders of magnitude longer 
releases little gas that is not released in the first hour. As seen in Fig. 
1, this does not agree with diffusion parameters calculated for Bjurbole [I]. 
In fact, if we assume diffusion from spherical grains and calculate ~ / a ~ ,  the 
ratio of the (temperature-dependent) diffusion coefficient to the square of 
the grain size [ 3 ] ,  we find a systematic variation of nearly two log units. 
The values calculated for shorter heatings agree with those calculated from 
normal stepwise heating experiments [I], while those for longer heatings 
suggest much slower diffusion. Although the present data can not rule out 
multiple diffusion domains [e.g., 41 ,  it is also consistent with a simple 
model in which most of the radiogenic 12'xe* is released when carrier phases 
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melt [2]. It is worth noting in Table 1 that the amount of 132~e retained 
generally decreases with increasing length of heating, as would be expected 
from simple diffusion models. 

The data for the llOO°C and 1200°C heatings are generally consistent 
with the 1000°C data, with less 12'xe* than in the 1000°C samples, and some 
12g~e* in samples which have been heated the longest. Some of the data points 
are anomalous, but replicate analyses should determine whether the anomalies 
are the result of procedural problems. 

Discussion: Whether the high retention of 12'xe* through long heatings 
is best explained as multiple diffusion domains or phase melting as a rate- 
limiting step, the I-Xe clock in Bjurbole is more stable thermally than would 
be predicted by simple diffusion calculations. Despite the fact that the 
chronometer is based on two volatile elements, it may be as refractory as the 
(presently unknown) mineral(s) in which the radioactive iodine is trapped. 
This is consistent with the observation that virtually all equilibrated 
ordinary chondrites fall within a 20 Ma range in apparent I-Xe age [5], 
despite the fact that ages based on fission tracks [6], U-Pb [7] and model 
initial *'~r/'~ [8] a11 suggest that metamorphism occurred on a longer 
timescale. The lack of correlation between apparent I-Xe ages and metamorphic 
type [e.g., 51 may simply mean that metamorphic temperatures were insufficient 
to reset the I-Xe system. 

Table 1: Release properties of l2'ICe* in Bjurbole 
Temp. Time 12%e* retained ~/a' 13'xe 
("C) (hr)  mount ' Fraction (log) Amount1 
Unheated 4.2320.25 - =l. 0 7.05k0.22 
1000 1 3.3120.12 0.78k0.08 -6.Ok0.4 3.98k0.14 
1000 2 4 3.65k0.21 0.86+0.10 -8.Ok0.8 4.43k0.75 
1000 96 3.3920.16 0.80+0.09 -8.Ok0.4 3.3220.11 
1000 336 3.78k0.13 0.89+0.06 -9.2k0.6 28 .9+0.g2 

'~11 amounts in 10-lo c ~ ~ s T P / ~ ~  
2~robably dominated by atmospheric contamination (see text). 
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