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We studied trapped Xe isotopic abundances in FeINi-, silicate-, pyroxene-, and troilite-separates 
of the Lodran achondrite. The isotopic pattern of Xe, that is essentially free of the in-situ produced 
cosmic-ray- and fission-components, differs from that of trapped chondritic, solar, and atmospheric Xe. 
This lodranitic trapped Xe is similar to that found in the Tatahouine diogenite. It is fractionated relative 
to the above mentioned Xe reservoirs favoring the light isotopes. In addition to the five lodranites that 
we analyzed previously, the EET84302 and Gibson lodranites also yield a cosmic-ray exposure age of 
about 4 Ma, that is, these seven lodranites were produced by the same impact event on the lodranite 
parent-asteroid. 

We continued the analyses of the noble gas inventory of mineral phases separated by 
handpicking from a 900 mg sample of Lodran [I]. The Xe concentrations are relatively large, in 
particular in the FeINi- and FeS-phases. From trace element concentrations, a gas retention age of 4.5 
AE, and a cosmic-ray exposure age of 3-4 Ma [ I ]  we estimate that in-situ produced cosmogenic and 
fissiogenic Xe contributes less than a few permil to all Xe isotopes. This is confirmed by the data for 
the temperature step fractions of the mineral separates shown in Figs. 1-3. Data representing a 
mixture of cosmic-ray produced spallation Xe and trapped Xe would plot on mixing lines indicated by 
the arrows in Figs. 1 and 2. Mixtures of atmospheric Xe with spallation Xe, and chondritic (AVCC Xe or 
Xe-Q) with spallation Xe, respectively, are shown. It is evident that the spread of the data points is not 
caused by different mixing ratios of trapped Xe and spallation Xe. Furthermore Fig. 3 demonstrates 
that the spread of the data in a '34Xe/'32Xe vs. 136XeP32Xe diagram cannot be evlained by varying 
contributions of Xe from 2 4 4 P ~  fission to a trapped Xe component of chondritic composition. 

We have shown in our earlier work [ I ]  that the trapped noble gases in lodranites are not 
implanted solar particles. All mineral fractions of lodran contain relatively large amounts of primordial 
Ar, Kr, and Xe that were incorporated when the meteoritic material solidified. In particular, the FeINi 
phase yields up to 2 x 10.' cm3 STPIg lZXe, comparable to the Xe concentration of C3 chondrites. 

Fig. 4 shows the isotopic pattern of Xe relative to that in the terrestrial atmosphere. The data are 
average values for the mineral fractions displayed in Figs. 1-3. The trapped Xe isotopic composition in 
Lodran is similar to that found in the 1000°C and 1200°C fraction of the Tatahouine diogenite [2]. It 
differs from that in chondrites (Xe-Q [3], FVC-Xe [4], AVCC-Xe [5]), in ureilites [6], and in meteorites or 
lunar surface samples exposed to solar particles [7]. This type of trapped Xe in differentiated 
achondrites appears to be related to the latter types of trapped Xe by a mass fractionation favoring the 
light isotopes. The datum point at lBXe does not follow the general trend because 13Xe is enriched in 
air by a radiogenic component from I B 1  decay. The new type of achondritic trapped Xe is isotopically 
similar to that which was predicted (but not observed in any meteorite), by Takaoka [8] and Pepin and 
Phinney [9]. We have not yet identified the carrier phase of the achondritic trapped Xe. It appears from 
the general trend of the data points in Figs. 1-3 that Xe in the carrier phase differs even more from that 
in chondrites than the average values displayed in Fig. 4. The Ar and Kr isotopic abundances were 
also determined in these samples and results will be presented later. 

As in chondrites, the concentration of primordial trapped Ne is low in lodranites. This fact allows 
us to derive reliable cosmic-ray exposure ages based on ''Ne. In addition to the five lodranites studied 
earlier [I], we analyzed the noble gases in Gibson and EET84302. Information on chemical 
abundances is not yet complete and production rates are, therefore, preliminary. We calculate for all 
lodranites dated till now by us, EET84302, FRO9001 1, Gibson, LEW88280, Lodran, MAC88177, and 
Y-791491, ages of about 4 Ma and conclude that these achondrites originate from the same break-up 
event and, thus, most probably from the same parent asteroid. 
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Fig. 1 laXe/l=Xe vs. 124XdzXe of pyrolysis step 2 128Xe/1=Xe VS. 'aXdaXe of pyrolysis .Step 
fractions for Lodran and the Tatahouine diogenite: fractions for kdran  and Tatahouine. See also 
1 - Lodran Fe/Ni (1 01.6 mg) 1 200°C, 2 - Lodran caption to Fig. 1. 
FeINi (1 01.6 mg) 1 400°C, 3 - Lodran (80.1 mg) 
1 200°C, 4 - Lodran Fe/Ni (80.1 mg) 1 400°C, 
5 - Lodran pyroxene 1 200°C, 6 - Lodran pyroxene 34 xe 
1 400°C, 7 - Lodran pyroxene 1 600°C, 8 - Lodran 132 
silicates 1 200°C, 9 - Lodran silicates 1 700°C, Xe 
10 - Lodran troilite 1700°C, 11 - Tatahouine bulk 0.40  
1 OOO°C, 12 - Tatahouine bulk 1200°C. Typical l o  
errors shown for sample 2. These data are 
compared with those for the terrestrial atmosphere 
(AIR), trapped solar particles [7] (SOLAR), 
chondrites (Xe-Q [3], AVCC 151) and hypothetical 
primordial Xe (U-Xe [9], primitive Xe [8]). The data 
are not compatible with a mixing line defined by air 0.35 
Xe or chondritic Xe and typical eucriiic spallation 
Xe. 

0.25 0 .30  0 .35  I 1  I I I I I  I I 
- - 

- - 

- - 

AIR 

- - . 
- * - 
- - 

I I I I I I  I I 

I I 

- 

5 

AVCC 

- - 

I 

Fia. 4 Isotopic pattern of trapped Xe in primitive achondrites. The data points are average values for 
the samples shown in Figs. 1-3 relative to Xe in the terrestrial atmosphere. The solid line represents 
trapped Xe in chondrites (Xe-Q, AVCC Xe, FVC Xe). 
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Fia, 3 134Xe/1zXe vs. 136Xe/'zXe of pyrolysis step 
fractions for Lodran and Tatahouine. Typical l o  
errors are about 1 % except for data points 2 and 
12. Trapped Xe in Lodran and Tatahouine 
appears to be a mixture of two major 
components, primitive Xe (PIU) and chondritic 
Xe (Xe-Q, AVCC Xe). Solar Xe is excluded [I]. 
See also caption to Fig. 1. 
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