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We have determined He, Ne, and Ar abundances and isotopic 
ratios in total extractions of the < 1 mm bulk fines and 150 - 
200pm grain size fractions of mineral and glass separates from 
a number of lunar soils. The study aims at an understanding of 
the mineral-specific element abundance patterns of trapped gases 
in lunar soils (1). The separates were obtained by wet sieving 
in ethanol and hand-picking. Awaiting confirmation by microprobe 
analysis, our "devitrified glasses" are supposedly identical to 
the matrix from ropy glass without adhering dust particles. 

In Table 1 the concentrations of trapped 3 6 ~ r  per unit area 
of sample surface are given. This mode of presentation allows to 
compare trapped gas concentrations for samples with different 
grain-size ranges and distributions. It does not unambiguously 
allow the comparison of gas concentrations in bulk soils and 
sized mineral samples. For all soils the devitrified glass con- 
tains considerably more trapped 3 6 ~ r  than any of the respective 
mineral separates. Severe ultrasonic treatment of an aliquant 
from the 65501 devitrified glass reduced the 3 6 ~ r  concentration 
only by about a factor of 2. A similar effect was observed on 
etched devitrified glass from 74241 (2). Therefore, we take the 
high gas concentration in the ultrasonically cleaned devitrified 
glass as evidence that a considerable amount of previously 
trapped gases are now distributed within the grain volumes. 

Surface area Bulk Dev.Gl. Plag Pyr 01 I lm Ref, 
of 1 g Bulk 3 6 ~ r  

( cm2 ) (in units of cc/cm2) 
Mare soils 
1) 10084 811 47.7 - 19.2 20.9 (9) 
2) 71501 691 41.4 31.67 18.0 11.9 13.2 
3) 74241 979 17.0 18.8 8.3 6.0 5.7 (2) 

Highland soils 
4) 14163 2382 12.6 29.6 10.2 15.4 11.0 
5) 15421 355 44.8 - 12.9 10.6* (10) 
6) 61501 733 49.7 44.8 15.5 
7) 65501 2029 13.4 33.2 5.1 
Table 1: Concentrations of trapped 3 6 ~ r  per unit surface area in bulk samples and 150 - 200 
,um separates of devitrified glass, plagioclase, pyroxene, olivine, and ilmenite. Sample 
surfaces were computed from granulometric parameters M Z  and dG from the literature (4 - 8 ) .  
( * )  Pyroxene and olivine unseparated. 
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In Figure 1 we note the well-known fact, (c.f. 3)) that soils 
(squares) of the mare-type have higher ( 2 0 ~ e / ~ ~ ~ r )  tr and 
(4~e/36~r) tr ratios than highland-type soils. ~evitrified 
glasses (circles) plot closely to the corresponding bulk soils. 
Together with the high gas concentrations and the large portion 
of devitrified glass in the soils studied this implies that a 
large fraction of the total trapped gas in bulk soils is indeed 
contained in the devitrified glass. In addition, not only the 
element abundance of bulk soils and devitrified glasses, but 
also of the plagioclase separates are grouped according to soil 
type (highland vs. mare). It is feasible that the mare plagio- 
clase grains are contaminated by invisible, thin coatings of 
glass and submicron-sized soil particles with bulk-soil gas con- 
tent. However, the lower element ratios in highland plagioclases 
could also be explained by enhanced diffusion losses. 

In Figure 2 Ne/Ar ratios of trapped and spallogenic compo- 
nents are displayed. For all plagioclases and bulk soils the 
computed ranges of (Ne/Ar)sp based on chemical composition and 
elemental production rates are indicated. For pyroxene chemical 
inhomogeneities prevent such a computation. From the measure- 
ments determined (21~e/38~r) sp ratios of plagioclases are in 
some cases considerably below the theoretical values. 

Assuming that the chemical compositions of the devitrified 
glasses are similar to the respective bulk-soil chemistry, ra- 
tios of the production rates for 2 1 ~ e  and 3 8 ~ r  are deduced. Then 
a depletion sequence as the one observed for plagioclases is 
found. We therefore conclude that plagioclases and devitrified 
glass samples from a given soil have similarly reduced 
( 2 1 ~ e j ~ ~ A r ) ~ ~  ratios. In plagioclase these ratios range down to 
30 % of the computed values. Such large effects are hardly 
caused by irradiation under different shielding conditions. We 
therefore expect diffusive losses of spallogenic Ne and, to a 
lesser degree, spallogenic Ar. If, however, spallogenic Ne is 
lost, solar Ne (and He), present at the time of loss of spallo- 
genic gas, are lost, too. 

In summary we conclude that lunar soil minerals exhibit specific 
element-abundance patterns of light noble gases, which are 
different for highland and mare type soils. The element abundan- 
ces of spallogenic Ne and Ar in plagioclase and devitrified 
glass separates imply diffusion losses. The degree of loss 
differs for different soils. Therefore the element abundances 
must reflect peculiarities in the evolutionary history of indi- 
vidual soils. 
This research has been supported by the Swiss National Science Foundation. 

0 Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



NOBLE GASES I N  S O I L  MINERAL SEPARATES 

Signer, P.  et al. 

0 Dev~tr  Glass 

4 -- 

2 -- 

2 4 6 8 1 0  1 

~i 2: spallogenic (21~e/36~r) versus trapped (2%e/36~) 
razios. symbols are the same as ~n Fig. 1. Bars on left side in- 
dicate spallogenic ratlos expected in bulk samples and plagio- 
clase. They are computed from chemical compositions and elemen- 
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tal productron rates (10). Wlth the assumption of (36~r/38~r)tr = 
5 . 3 5 +  0.5; (36~1/38~r),~ = 0.63+0.02; (22~e/21~e)tr = 32 + 1 1 
(22~;/21~e),~ = 1.1 5 0.1. 

Figure I: Element ratios of trapped gases in bulk soils and mi- 
neral separates. Samples are idontlfied by numbers which refer 
to Table 1. Points for nlineral separates conncct to the respec- 
tive bulk sample point. The field of data points for individual 
mineral samples 1s indicated by dotted llnea. The shaded area 
covers all highland data points. 
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