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REGOLITH HISTORY OF LUNAR METEORITES EET87521 AND YAMATO-793274; 0. Eugster, Th. Michel , 
and S. Niedermann, Physi k a l i  sches I n s t i t u t ,  Un ive rs i t y  of Bern, Switzerland, and U. 
Krahenbijhl , Anorgani sch chemisches I n s t i  t u t ,  Un ive rs i t y  o f  Bern, Switzerland. 

We repo r t  f i r s t  r e s u l t s  o f  our noble gas and K analyses on samples from brecciated 
basal t i c  lunar  meteor i tes EET87521 and Y-793274. L i g h t  ma t r i x  ch ip  EET87521,38 (0.155g) and 
dark ma t r i x  ch ip  EET87521,39 (0.322 g) were obtained from the  NASA Planetary Ma te r ia l s  
Laboratory and s p l i t  Y-793274,66 from t h e  Nat ional  I n s t i t u t e  o f  Polar Research, Tokyo. We 
performed a l a rge  number o f  bu l k  and g r a i n  s i ze  analyses. The average values f o r  bu l k  mater ia l  
are given i n  Tables 1 and 2. 

Table 1 Cosmic-ray produced noble gases and cosmic ray exposure ages (pre l iminary  data). 

1 o - ~ c ~ ~ s T P / ~  1 o - ~ ~ c ~ ~ s T P / ~  Ma (ZIT exposure) 

EET87521,38 0.53 0.56 5.9 6.6 - - - 
l i g h t  ma t r i x  f0.03 t0.30 21.2 f3.6 6.2 

EET87521,39 0.32 0.58 * 
dark ma t r i x  20.02 f0.20 

Table 2 Trapped and radiogenic noble gases, K concentrat ion and K-Ar age (pre l iminary  data). 

Trapped so la r  wind noble gases 

2 0 ~ e  4 0 ~ r  K-Ar 
2 0 ~ e  3 6 ~ r  8 4 ~ r  1 3 2 ~ e  - - 4 0 ~ r  

K 
age 

2 2 ~ e  3 6 ~ r  r PP"' Ma 

Noble gas concentrat ion i n  u n i t s  o f  cr? STP/g. * i n  progress. 

EET87521 experienced t h e  lowest exposure t o  cosmic rays (6  Ma 2.rr exposure age) o f  any 
lunar  meteor i te  analyzed ti l l now. Among t h e  lunar  samples from t h e  Apol lo and Luna missions 
only South Ray c r a t e r  rocks (Apol lo 16) show lower cosmic ray exposure ages (2 Ma [ I ] ) .  The 
3 6 ~ 1  a c t i v i t y  i n  EET87521 i s  about 1 dpm/kg bu lk  [2]. Adopting a  IT sa tura t ion  a c t i v i t y  o f  22 
dpm/kg bu lk  and a t e r r e s t r i a l  age o f  5600'000 years we ca l cu la te  a moon-Earth t r a n s f e r  o f  
5100'000 years and a dura t ion  o f  residence i n  the  top  meter o f  t h e  lunar r e g o l i t h  immediately 
before e j e c t i o n  o f  6200'000 years. Therefore, most cosmic ray exposure must have occurred on 
t h e  moon e a r l i e r  i n  lunar h i s to ry .  From t h e  K and radiogenic 4 0 ~ r  concentrations we ca l cu la te  
K-Ar ages o f  3300 + 250 Ma and 3600 f 400 Ma f o r  t he  two s p l i t s  (Table 2). This i s  i n  t he  
range o f  lunar mare basal ts.  
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Y-793274 contains h i g h  concentrat ions o f  cosmogenic and so lar  wind noble gases. Adopting 
lunar  surface product ion ra tes  t h e  du ra t i on  o f  residence i n  t h e  lunar  r e g o l i t h  was about 450 
Ma (Table 1 ) .  I n  terms o f  r e g o l i t h  exposure Y-793274 i s  a mature r e g o l i t h  brecc ia  w i t h  
( 2 0 ~ e / 2 2 ~ e ) t r  = 12.5 (Table 2), t y p i c a l  f o r  lunar  surface mater ia l .  The ( 4 0 ~ r / 3 6 ~ r ) t r  r a t i o  o f  
2.3 i nd i ca tes  t h a t  so lar  wind p a r t i c l e s  were trapped e a r l y  i n  lunar  h i s to ry .  

Fig. 1 shows t h a t  2 l ~ e  and 36Ar o f  lunar  meteor i tes are  re lated.  For AMA81005, 
t r  

Y-791197, and Y-793274 the  218e / 3 6 ~ r  r a t i o s  a re  about 0.002 (Fig.  2), q u i t e  s i m i l a r  t o  t h a t  
o f  Luna 16 s o i l .  EET87521 show: a s l$ht ly  h igher r a t i o  o f  0.005. These fou r  lunar  meteor i tes  
have low (131xe/126xe) ra t i os ,  t h a t  i s  they experienced shal low sh ie ld ing  (9og/c&)  dur ing  
cosmic ray  exposure. &r MAC88105 a r a t i o  (131~e /126~e)  of 6.36 was measured, corresponding 

C 
t o  85 g/cm2 sh ie ld ing  [3]. Consequently cosmic-ray produced noble gases are  enriched re1 a t i v e  
t o  so la r  wind p a r t i c l e s  which are  trapped on ly  a t  t h e  top  o f  t he  lunar  reg01 i t h ,  r e s u l t i n g  i n  
2 1 ~ e  / 3 6 ~ r ~  = 0.092. For t h e  pa i red  meteor i tes  Y-82192/3 and Y-86032 i t had been shown t h a t  

C 
t he  m a t e r i a l  was exposed t o  cosmic rays mainly a f t e r  t h e  rock was e jec ted from t h e  moon [4,5]. 
i t s  2 1 ~ e  / 3 6 ~ r  r a t i o  i s  0.147. Solar  wind p a r t i c l e s  are  extremely r a r e  i n  these samples. 

c t r  
Conclusions. From t h e  same c h a r a c t e r i s t i c s  o f  t he  cosmogenic 2 1 ~ e  and so la r  wind 3 6 ~ r  

inventory  i n  ALHA81005, Y-791197, Y-793274, and EET87521 as found i n  l una r  s o i l  we conclude 
t h a t  these fou r  lunar  meteor i tes  acquired no t  on ly  t h e  so lar  wind p a r t i c l e s  b u t  a l so  most o f  
t he  s tab le  cosmic-ray produced noble gases when t h e  mater ia l  was s t i l l  i n  t he  form o f  surface 
s o i l  on t h e  moon, t h a t  i s ,  before brecc ia  formation. For EET87521 t h i s  pre-compaction exposure 
l as ted  about 6 Ma, fo r  Y-793274 about 450 Ma. The moon-Earth t rans fe r  t ime f o r  EET87521 was 
l e s s  than 100'000 years. I t s  K-Ar age i s  3300 - 3600 Ma. 
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Fig. 1 Cosmi c-ray produced 21Ne vs. trapped Fig. 2 Ra t i o  o f  cosmic-ray produced 2 1 ~ e  t o  

so la r  wind 3 6 ~ r  i n  lunar  meteor i tes  and so la r  wind trapped 3 6 ~ r  i n  lunar  meteor i tes 
Luna 16 so i  1. and Luna 16 so i  1 . 
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