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Lunar double drive tube 79001/2 is an unusual and interesting lunar core, with some samples having 
the highest maturity of any measured lunar core or surface soil [I]. [2] have suggested that this core may serve 
as an important example of extreme mixing. Additionally, [3] suggest that the elemental and isotopic 
a und ces of N2 in 79001/2 core samples are consistent with the models involving a secular increase of the 

ratio of the solar wind. Because of the unusual and possibly unique properties of this core sample, we 
have further analyzed it for rare gas abundances and isotopic ratios. We then asked several basic questions: 
what components are in this core, what are their properties, where did they come from, and how did they get to 
the core site? 

All investigators agree that this core represents essentially a mixture and is an excellent example of a 
"path 2 soil" [4] which has had no detectable reworking and evolution since being assembled in the sequence 
sampled by the core. As such, it should be theoretically ideal for identifying mixed components since these 
components would not have been modified and blended together by reworking. The visible stratigraphy in the 
core was shown to be caused mainly by differences in maturity rather than by chemical composition [I]. This 
stratigraphy, however, is not related to any processing at the site sampled by the core but is related to the 
mixing events which emplaced the core material. Tilted contact regions and the less than perfect correlation 
with nearby trench samples [q probably indicate that the stratigraphy is very local and is related more to 
juxtaposition of discontinuous pods or clots of soil of differing properties rather than to deposition of tractable 
layers. 

We have analyzed samples taken from four different depths of the core (Table 1) for elemental and 
isotopic compositions of He, Ne, Ar, Kr and Xe. The depths were chosen to include the top and bottom, and 
typical samples including one from the most mature zone around 6-7 cm [I]. (Hereafter, samples A,B,C and D 
refer to depths of 0.25 cm, 6.25 cm, 20.65 cm and 45.65 cm, respectively). At each depth, we analyzed two size 
fractions, < 20 p m (fine-grained) 150-200 p m (coarse-grained) and determined the fine-grained to coarse- 
grained abundance ratios (F/C ratios) and also the cosmic ray exposure ages. 

In general, the absolute abundance of trapped gases correlate roughly with the IJFeO maturity, 
particularly for the fine-grained component as one might predict (Fig.l,Table 1). However, when the fine and 
coarse-grained data for our samples are compared, additional complexities start to emerge. The 132~e F/C 
ratio in the topmost sample A (Table 1) is 4.0 but this ratio increases considerably to 8.9 in sample B, the high 
maturity sample. The ra i stays high in sample C (8.0) and decreases considerably in sample D (3.4). The 
F/C ratios for %Ar and k follow a similar pattern with the two intermediate samples (B and C) both 
considerably higher than the top and bottom samples (A and B). Clearly, samples C and A or C and D, 
although similar to each other in maturity properties, are not similar in their F/C ratios and cannot be samples 
of the same source material. On the other hand, samples B and C are similar in F/C ratios, but differ 
considerably in maturity. As previously argued [1,2,3], these samples could not have been made from each 
other by reworking or maturation in their present location. The high maturity component B may correspond to 
that identified by [3] and may also have abundant light nitrogen and relatively 1 ng exposure age. The mature 8 component is postulated by [3] to have a nitrogen isotopic composition of d N <-130 parts per thousand. The 
second component proposed by [3] is gas-poor, immature on the Is/FeO scale, and is isotopically heavier with 

15 d N > -10 parts per thousand. It is not immediately clear which of our other samples, A, C, or D, 
corresponds to the lower maturity component of [3], but if it is C then A and D are something different. 

We have also determined the cosmic ray exposure ages of our four samples based on 12%e and 1 2 8 ~ e  
excesses (Table 1). The cosmogenic production rates are corrected using the shielding depths determined by 
the (131/126)c ratios in each sample. Both the coarse and the fine fractions for the top-most sample A and the 
bottom-most sample D have cosmic ray exposure ages of '330350 my. At the intermediate depths, samples B 
and C, the coarse fractions again yield exposure ages of '300250 my; however, the fines yield exposure ages of 
'600~100 my. It is clear that sample C, while similar to A and D in maturity, differs considerably in exposure 
age, F/C ratio and in history, and must come from a different source region in the regolith. Even though the top 
and bottom samples (A and D) show similar exposure ages and F/C ratios, these samples differ significantly in 
maturity as indicated by the Is/FeO and the absolute rare gas abundances. The differences between A and D 
could be caused by the reworking of D source material to form A. As discussed by [I], it is unlikely that 
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sufficient time had elapsed after the emplacement of the Van Serg ejecta to allow detectable reworking to 
develop at this site. Therefore, material represented by A must have been reworked elsewhere if indeed it was 
originally similar to the D material. 

If we define components as bulk soils, we then require a minimum of four components to describe the 
core: First, a mature gas-rich component with high F/C ratios and high cosmogenic age for the fine-grained 
fraction, but not the coarse-grained fraction, is represented by sample B. This component is a closely related to 
the high maturity gas-rich sample of [3] which has the lightest nitrogen isotopic ratio. Note that [3] analyzed 
breccia fragments not soil samples. Next is a moderately mature soil represented by C with a high F/C ratio, 
and high cosmogenic ages for the fine-grained fraction. This second component is closely related to that of 
the moderate to low maturity samples of [3] in a region of the 

Fig. 1 79001 12 Core 
core showing the heaviest nitrogen isotopic ratios. Third is our o 
sample D from the bottom of the core which shows moderate 
maturity and total trapped gas but low F/C ratios and relatively 
low and equal cosmogenic ages for the fine and coarse-grained 
fractions. Finally, our sample A is similar to D in most 

10 
properties but is more mature and for reasons discussed above 
probably was not made at the core site by reworking. 
Furthermore, A is from a region of the core which has relatively - 
light nitrogen [3] compared to the core'bottom, and must be - 5 
considered a separate component not closely related to A. o P, 20 

None of these four separate soil components can be m 
't 

made from the others by simple mixing, thus each soil must have 
had a separate evolutionary history and time sequencing. With no 5 
evidence of on-site reworking [1,2,3], it is likely the entire core 3 

J 30 

column was deposited during the Van Serg event -1.6 my ago [6], 
ejected from different places within the pre Van Serg site. It has - 

5 
been known for a long time that the regolith is anomalously thick ,a 
in the Station 9 vicinity, with an underlying regolith breccia n 

40 
blanket up to 15 m thick [3,7]. We suggest that the 79001/2 core 
samples basically come from different regions in this clearly 
inhomogeneous regolith breccia blanket that has had material 
exposed on the surface during different geologic times. Examples 
of this regolith breccia blanket are the breccia fragment samples 50 o 20 40 €4 80 100 120 140 

79135,79035, and 79115 [8]. Clearly, the materials represented uFe0 (Arb), <250um [I] 
by the Van Serg core have had a complex history of reworking, o 20 40 €4 BO 

exposure, gardening, breccia formation, and breccia Hydrogen Abund. (ug/g) [9] 
comminution over a long period of geologic time. The evidence o 5 lo 1s 20 

that almost none of this history occurred at the coring site simply 3 6 ~ r  abund. (x l  O ~ C C S T P / ~ ) ,  Fines 
presents a more challenging task of reconstructing the history 
before the Van Serg impact. 
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