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XENON AND ARGON IN NAKHLA AND LAFAYETTE: EVIDENCE FOR MULTIPLE 
"MARTIAN" COMPONENTS. T. D. Swindle, Lunar and Planetary Laboratory and Department of Planetary Sci- 
ences, University of Arizona, Tucson AZ 85721; D. Garrison, C. M. Hohenberg, and C. T. Olinger, McDonnell 
Center for Space Sciences and Department of Physics, Washington University, St. Louis MO 63130. 

The shergottite EETA 79001 contains an apparent trapped gas component with 129~e/132~e, 40~r/36Ar, and 
'%/14~ ratios similar to the Martian atmosphere (1-4), one of the strongest arguments that the SNC ((S)hergottites, 
(N)akhlites, and (C)hassigny) come from Mars. Isotopic studies on other SNC meteorites, where this trapped com- 
ponent might also be present, are desired, since it is not certain that the composition determined represents a true 
trapped component, representing the unique composition of trapped gas on or in the shergottite parent body (SPB), 
rather than simply amfact (e.g., produced by shock homogenization) in E T A  79001. 

First, although the isotopic composition of SPB-Xe in EETA 79001 can be determined with precision (4), it 
has not been identified in any other SNC meteorite. Many SNC's have 1 2 9 ~ e / 1 3 2 ~ e  ratios greater than the terres- 
trial, solar or trapped meteoritic (AVCC) ratio of about 1, but there has been no evidence for any of the other isoto- 
pic structure (in particular, the enhanced 136~e/132~e  ratio) associated with SPB-Xe. For all other SNC's measured 
so far, the xenon isotopic structure is consistent with SPB-Xe, but also consistent with simple addition of 12'xe to 
AVCC or terrestrial xenon. Similarly, the "Martian atmosphere" argon in EETA 79001 has a 38~r/36Ar ratio about 
50% higher than the tearestrial, solar wind, or trapped meteoritic value (4). 

Second, the "Martian atmosphere" component is not the only extra-tearestrial component in SNC meteorites. 
Chassigny (5) contains an indigenous xenon component with a 129~e /132~e  ratio of about 1, and a 136Xe/132~e ratio 
less than AVCC or terrestrial. EETA 79001 itself seems to contain an argon component (1,4) with a 40Ar/36Ar ratio 
less than terrestrial (and much less than Martian atmosphere). The existence of these components might mean that 
Martian rocks are less radiogenic than the atmosphere (4.5). even though this is m t  the case with terremial samples. 

We have analyzed wholerock samples of 
two nakhlites, Nakhla and Lafayette, by stepwise 
heating in a high-sensitivity mass spectrometer (6). 
Results for Xe and Ar (the only gases analyzed) are 
summarized in Tables 1 and 2. 

DISCUSSION 
Xenon: The data in Table 1 have been 

corrected for spallation and spontaneous fission of 
2 3 8 ~  (assuming ages of 1.3AE (7) and U contents 
of 56 ppb (8)). The combined correction is small, 
less than 10% at 12'xe and 1 3 2 ~ e  and less than 5% 
at 1 3 4 ~ e  and 136Xe. 

The hi h-tern rature extractions from 
12f 1 3 p  Nakhla give Xe/ Xe ratios as large as 22, the 

largest seen in any SNC meteurite othea than EETA 
79001, and close to the SPB-Xe value of 2.4. This 
makes Nakhla a promising place to look for other 
evidence of SPB-Xe and "Martian atmosphere" 
components in other gases (such as nitrogen). 

The data for the individual exaactions are 
inconclusive because of the size of the uncertain- 
ties, but the sums of the high- and low-temperature 
extractions allow us to draw a number of conclu- 
sions. First, the 136~e /132~e  and 1 3 4 ~ e / ' 3 2 ~ e  
ratios of the high-temperature extractions from both 
meteorites are 1 to 3 a higher than the terrestrial 
ratios (e.g., Fi . 1). which is inconsistent with sim- 
ple mixing of "Xe and air (or AVCC). This sug- 
gests the presence of SPB-Xe. But both the low- 

Nakhla (87.9 mg) 
Low 8 . 1  112.2 79.8 38.8 

+0.8 20.5  20.4 - 
High 4 .6  207.0 64.7 39.6 

+3,6  22.7 20.5 - 
T o t a l  1 2 . 8  145.7 74.4 39.0 

+1.4  21.0  kO.3 - 
La-fayette (44.6 mg) 

Low 8 . 2  102.8 78.8 38.8 
+0.8 20.7  20.5  - 

High 12 .9  148.6 73.7 39.4 
+1.4 21.0  20.4 - 

T o t a l  21.5 130 .3  75.8 39.2 
+0.9 kO.6 20 .3  - 

Data have been corrected for blanks, spallation and 
fission, as descn'bed in the text. Amounts of 1 3 2 ~ e  are 
given in 1 o - ' ~ c ~ ~ s T P / ~ ~ .  Low -temperature lines are 
totals of extractions at coil temperatures at or below 
1000°C (sample temperatures probably 80°C and below), 
high-temperature lines are totals of extractions at higher 
temperatures, not including the final, melt, extraction. 
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temperature extractions from both metearites and the high-temperature extractions from Nakhla fall at least 1.50 
below a mixing line between SPB-Xe and (contaminating) tearestrial Xe. Thus, if SPB-Xe is present, another extra- 
terrestrial component (such as the xenon in Chassigny) is also present. Alternatively, the component with the high 
1 2 9 ~ e / 1 3 2 ~ e  ratio might be yet another exmrrestrial component In that case, the prolifemion of components is 
becoming embarrassing for a Martian-origin hypothesis, although no reasonable alternative has been advanced. It is 
interesting to note that all the summed extractions fall within la of the SPB-air mixing line on the 129~e-134~e-  
1 3 2 ~ e  plot, particularly since the 134~e /132~e  ratio in Chassigny (5) is indistinguishable from that of air (within 
rather large uncertainties). 

If SPB-Xe is present in Nakhla and Lafayette, it is worth speculating on how it got there. In EETA 79001, 
SPB-Xe is concentrated in shock-produced glass, where it might have been trapped from the atmosphere. However, 
Nakhla and Lafayette do not have the abundant shock glass. Unless there is some other mechanism for implanting 
atmospheric gas in the nakhlites, SPB-Xe must not be strictly atmospheric, but rather representative of some larger 
Martian reservoir (e.g., the crust). In this case, Chassigny xenon rnighf be mantle xenon (or vice-veasa). 

Argon: Argon data, cornected only for blanks, is summarized in 
Table 2. There is no evidence for the low 40~r/36Ar component. Two 
extractions from each meteorite gave blank-corrected 40Ar/36~r ratios 
less than the terrestrial value of 295, but these could all be accounted 
for by spallation-produced 36Ar. The evidence for a high 38~r?6Ar 
ratio in the trapped component is also inconclusive. Results of isotopic 
decomposition of the 3 8 ~ / 3 6 ~  ratio indicate that >95% of the 3 8 ~ r  is 
from spallation (these meteorites have exposure ages of about 10 m.y.). 
It is possible to set an upper limit on the amount of 38Ar associated 
with a high 38A,/36Ar trap component, but this P u$qBWt is m- 
parable to the amount of Ar predicted from the Ar/ Xe ratio in 
the "Martian atmosphere" gas in EETA 79001 and the 129~e/132~e 
ratios in the nakhlites. 

Table 2. Argon 

3 5 
Sample [36Ar] 3 6 ~ r  36Ar 

N W  8.33 1.384 631. 
39.007 t8. 

Lafayette 6.34 1.346 653. 
39.008 k11. 

Data corrected for blanks only. 
Amounts of 36Ar in lo-' ~ m ~ ~ l ' ' P / ~ r n .  
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Fig. 1: Fission- and 
' 36 1 1 0 n - M  xenon 1 a Lafayette &m Nakhla and Lafayette. L, 

S P B - X ~ ~  H, and T n f a  to low- and 
high-temperature and total / 1 points from Table 1. Lines are 
for mixtures of terrestrial 
xenon ("Ah 
pure 129~e.  

,") with 
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