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In 1980 we reported on a hitherto unknown Xenon component encountered in two Allende 
CAIs, which we termed alien Xe (Jordan et al., 1980). Its most prominent characteristic is the (up to 
six-fold!) enrichment of 132Xe (Fig. 1; Table 1). This excess is coupled to smaller overabundances of 
131Xe, 134Xe, 136Xe and 129Xe. Despite the excesses of 136Xe, 134Xe, 128Xe, and 129Xe in the 
Allende inclusions may be explained one way or the other, the main enigma remaining is the large ex- 
cess of 132Xe, which is coupled to weaker excesses of 131Xe and, possibly, 134Xe and 129Xe in com- 
parison with solar Xe. It cannot be understood by admixture of well established Xe components - 
244Pu or 238U fission Xe, Xe-H, L-Xe, s- or r-process Xe, Xe from in-situ proton irradiation, or 
spallogenic Xe - to normal baseline Xe (AVCC, solar, atmospheric) (Shukolyukov et al., 1992). Sur- 
prisingly, the characteristic features of alien Xe are present also in other meteorites e.g. sample 1C5 of 
Olivenza LL5 (Alaerts et al., 1979), bulk, chromite and px-plag separate samples of Tzarev L5-6 
(Shukolyukov et al., 1982a,b), in an Apollo 16 anorthosite (Leich and Niemeyer, 1975), in the Earth's 
atmosphere, in MORB glasses (Marty, 1989) and Greenland anorthosite (Jeffrey, 1971) (Fig. 1). Thus 
alien Xe is a ubiquitous component. 

Instrumental to disclose the nature of alien Xe is its occurrence in rocks from the Oklo deposit, 
a natural nuclear reactor in Gabon (Shukolyukov et al., 1976, 1977a) (Fig. 2). In a sequence of 
dedicated experiments (Shukolyukov et al., 1992) alien Xe could be separated from all kinds of fission 
Xe e35U + nth, 238U + nf). Furthermore, the carrier of alien Xe was revealed to be the low- 
temperature phase of the K-bearing residue after treatment with 30%-HN03 (12 h) and 48%-HF (30 
sec) (Table 1). The absence of 40K excess due to n-capture of 39K indicates that this phase was formed 
after the termination of the nuclear chain reaction while the solubles, which contain normal fission Xe, 
were present during the chain reactions (238~/235U = 171.5 instead of normal 137.8). 

The analysis of Xe in pitchblende from a normal U-deposit after nth-irradiation (in a technical 
reactor with 4 x  1015 n/cm2) and of Xe in the irradiation ampoule, demonstrated diffusional loss of fis- 
sion 136Xe from the sample into the ampoule - but not of the precursors (mainly I and Te) - by the 
inevitable heating during irradiation. Finally, Xe (and Kr) was analyzed in samples that had been sub- 
jected simultaneously to n-irradiation and high temperatures: partially melted and sintered sandstone 
from the epicenter of the first nuclear bomb explosion at Alamogordo, NM, USA. Again, Xe similar 
to alien Xe was found (Table 1). Because the precursors of 136Xe and 86Kr are very short-lived, l36Xe 
and 8% were formed within the rock from which they could partly diffuse at the elevated 
temperatures during the first 5 -8 minutes after the explosion, increasing the ratios with these isotopes 
in the denominator. The diffusive loss of 136Xe and 86Kr alone, however, is insufficient to produce the 
observed isotopic compositions. If also diffusional loss of the Xe and Kr precursors had played a role, 
one expects that the shorter their life-times are the smaller are the excesses of the corresponding Xe 
and Kr isotopes relative to 136Xe and 86Kr. The experimental data follow this relationship (Fig. 3). 
Table 1 .  Isotopic compositions (13ZXe= 100; uncertainties given in parentheses) of Xe extracted at 1650°C from an Allende CAI, at 500°C 
from an acid-resistant (12h 30%HN03, 30 sec 48ZHCP) residue o f  a density separate (<3.3 gIcm3) prepared from a whole rock taken from 
the reaction zone 2 (well SC20) of  the Oklo natural nuclear reactor, and by total extraction from a sandstone sample processed in the first 
nuclear bomb test at Alamogordo, NM (13ZXe=3.2 x 10-10 ccSTP1g; not corrected for atmospheric Xe). For comparison in the line n-induced 

jssion the ranges of the Xe  yields of ZsU + n,, W U  + nf, and 23Th + nf are given and below the m U  spontaneous fission spectrum. 

lz8xe 1 2 9 ~ e  130xe 131xe 1 3 4 ~ e  1 3 6 ~ e  

CAI 29-1, 1650°C 24 (5) 75 (2) 2.9 (0.7) 24 (2) 8 (2) 7 (2)  
Oklo, residue 6-G, 500°C - 7.5 (0.2) <0.25 26.8 (0.7) 29 (0.6) 16.7 (0.1) 
Alamogordo, melt 0.452 (0.008) 0.069 (0.001) 112.6 (1.6) 19.0 (0.2) 1.31 (0.02) 
n-induced fission 0, 15.6 .... 18.8 56.9 .... 62.2 154.0 .... 186.3 137.0 .... 196.1 
2 3 8 ~  

sf < .3 14.2 142.5 172.7 
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The experiments prove that diffusion and geochemical fractionation of Xe and it's precursor 
isotopes after fission reactions are the clue for understanding the isotopic anomalies of Xe in the Oklo 
uranium deposit. From that starting point one can attempt to explain alien Xe in other objects of the 
solar system. The main prerequisite is the operation of the fission process during such conditions that 
the freshly created radioactive precursors of the stable Xe isotopes have an opportunity for rapid diffu- 
sion or geochemical separation from the loci of their formation. This to occur is likely in very fine 
grained minerals or at elevated temperatures. In terrestrial and lunar rocks and in meteorites the 
products of 238U and 2 4 4 h  spontaneous fission may migrate if the temperature is rather high during 
the whole period of Xe accumulation. Redistribution of Xe and its precursors can lead to 132Xe, 
131Xe, 134Xe, and 129Xe excesses in certain minerals and, vice versa, to their deficiency in others. In 
particular, the inclusions of the Allende chondrite could have retained the radioactive isotopes of Te, I, 
and other elements, and have lost some Xe, both products of spontaneous 2 4 4 h  fission, during some 
short high-temperature stage in the protoplanetary gas-dust cloud. Later decay of the radioactive Te 
and I isotopes then caused the formation of alien Xe with it's unusual isotopic composition . 

Possibly also the 129Xe excess in terrestrial MORB-glasses and some natural gases may be related 
to 1291 as a product of 238U and 244Pu fission, which then migrated from the place of origin into other 
minerals, and not to primordial nucleogenetic 1291. If true, the use of radiogenic 129Xe and 136Xe in 
modelling the early evolution of the Earth and its atmosphere becomes questionable. 
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Fig. 2 t : Isotopic ratios of Xe released by stepwise degassing from separated 

128 Go 132 134 136 A phases from rocks from the Oklo natural nuclear reactor(0 well SC-20, zone 2; 

W wells C-52 and SC-36, zone 3). End points of the triangle are 0: nh-induced 
0 rra -- uo - - - - - - -  02 .34 G6 A DSU fission Xe, A: atmospheric Xe and at the lower left the anomalous 

component. 
Fig. 1 t :  Deviations of the Xe isotopic composition of various solar system materials expressed as values AA/AIM = [(AXe/130xe)s - 
(AXe~1%e)lcr]/[(136Xe/1%e)s - pMXellPXe)l,l], where the subscript ref denotes the reference Xe isotopic composition shown as the 
dashed lines and s stands for the sample. 
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