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The i s o t o p i c  abundances o f  He, i le, Ar ,  Kr and Xe have been measured i n  
samples of t h e  s t a t i o n  6 l a r  e  bou lde rs  and e i g h t  A p o l l o  17 s o i l s .  G ra in  s i z e  
separates of a  s u r f a c e  s o i l  7 76501) and a  s o i l  (76321) scooped f rom t h e  s l o p -  
i n g  s i d e  of one of t h e  l a r g e  bou lde rs  were a l s o  analyzed.  A  s tepwise  h e a t i n g  
a n a l y s i s  was performed on m a t r i x  m a t e r i a l  o f  76315. i l ob le  gases i n  s t a t i o n  6  
samples ought  t o  y i e l d  v a i u a b l e  i n f o r m a t i o n  about  sample h i s t o r y  and l a r g e  
s c a l e  e r o s i o n a l  processes on t h i s  s l o p e  o f  i l o r t h  r l a s s i f .  E a r l i e r  ana lyses  o f  
survey c h i p s  (1 )  t aken  f rom t h e  s u r f a c e  o f  bou lde r  rocks  76315, 76255, and 
76295 i n d i c a t e d  t h e  presence o f  t r apped  s o l a r  nob le  gases. However, ana lyses  
o f  documented samples f r o m  76315 ( two c l a s t s  and t h e  m a t r i x )  show t rapped  
s o l a r  gas c o n c e n t r a t i o n s  t o  be a t  l e a s t  l o 3 - l o 4  l ower  t han  l u n a r  s o i l s .  The 
r a d i o g e n i c  4 0 ~ r  c o n c e n t r a t i o n  o f  76315 m a t r i x  i s  1 2 . 5 x 1 0 - ~  cm3/g, which com- 
b ined  w i t h  t h e  K abundance o f  2240 ppm ( 3 )  y i e l d s  a  whole r o c k  1:-Ar age o f  
4.0x109 yr.  

The presence o f  f i s s i o n  Xe i n  76315 i s  shown by a  Xe i s o t o p e  c o r r e l a t i o n  
p l o t  (F ig .  1  ) .  These Xe i s o t o p e s  a r e  predominant ly  a  m i x t u r e  o f  f i s s i o n  Xe 
and t h e  atmospher ic  system b lank ,  w i t h  smal l  amounts o f  cosmogenic 1 3 2 ~ e  and 
p o s s i b l y  o f  t rapped s o l a r  Xe i n  t h e  700°C e x t r a c t i o n .  The sum o f  t h e  f i s s i o n  
1 3 6 ~ e  i n  t h e  h i g h e r  tempera ture  e x t r a c t i o n s  i s  6x10-12cm3/g, and f o r  a  4x10' 
yr  gas r e t e n t i o n  age, t h i s  amount corresponds t o  a  uranium c o n t e n t  o f  3.5-4.5 
ppm, depending on t h e  spontaneous f i s s i o n  h a l f - l i f e  o f  2 3 8 U  assumed. T h i s  U 
c o n c e n t r a t i o n  i s  o n l y  s l i g h t l y  h i g h e r  t han  those  measured f o r  76315, and i n d i -  
ca tes  t h a t  excess f i s s i o n  Xe f rom 2 4 4 ~ ~  i s  n o t  p resen t .  The c o n c e n t r a t i o n s  o f  
cosmic ray-produced gases i n  76315 m a t r i x  a r e  ( u n i t s  l o - '  cm3 STP/g) 21Ne=1 .5, 
3 ' ~ r = 0 .  9, and 1 2 6 ~ e = 0 .  0006. Sl  i g h t l y  d i f f e r e n t  c o n c e n t r a t i o n s  i n  t h e  two 
c l a s t s  p robab ly  r e f l e c t  v a r i a t i o n s  i n  t a r g e t  element abundances. Chemistry-  
c o r r e c t e d  p r o d u c t i o n  r a h s  ( 2 ) ,  an assumed 2 ~  i r r a d i a t i o n  geometry, and chem- 
i s t r y  r e p o r t e d  by PET ( 3 ) ,  y i e l d  21~.le and 3 e A r  exposure ages o f  app rox ima te l y  
11 and 13x106 y r s ,  r e s p e c t i v e l y .  Assuming a  1 2 6 ~ e  p r o d u c t i o n  r a t e  o f  0 . 1 3 ~  
l o - '  cm3/g ~ a - l o 6  y r s ,  g i v e s  a  l Z 6 x e  exposure age o f  13x106 y r s .  These ages 
a re  p robab ly  low (by  up t o  a  f a c t o r  o f  two)  due t o  s e l f - s h i e l d i n g  e f f e c t s  of 
t h e  bou lde r ,  and w i l l  be r e f i n e d  as more chemical ana lyses  o f  t h e  bou lde r  r o c k  
samples become a v a i l a b l e .  Except f o r  rocks  e j e c t e d  by  A p o l l o  16 South Ray 
Cra te r ,  these bou lde r  samples r a n k  among t h e  l owes t  cosmic r a y  exposure ages 
measured f o r  l u n a r  rocks .  

;]eon i s o t o p i c  da ta  f o r  two c l a s t s  and a  s tepwise  tempera ture  e x t r a c t i o n  
o f  t h e  m a t r i x  o f  76315 i s  shown i n  F i g u r e  2. The two c l a s t s  and t h e  500°C 
e x t r a c t i o n  show smal l  amounts o f  s o l a r  neon, b u t  t h e  h i g h e r  tempera ture  ex- 
t r a c t i o n s  a r e  c o n s i s t e n t  w i t h  a  two component m i x t u r e  o f  cosmogenic neon and 
t h e  atmospher ic  system b lank .  Assuming extreme v a r i a t i o n s  i n  cosmogenic 
20!le/22;le o f  1  .O-0.7 d e f i n e s  t h e  cosmogenic 2 2 ~ l e / 2  l i le  as 1.22-1.18, h i g h e r  
than commonly found i n  1  unar r o c k s  o r  m e t e o r i t e s .  High 22 i le /2  l t l e  general  l y  
i n d i c a t e s  cosmic r a y  i r r a d i a t i o n  under c o n d i t i o n s  o f  low s h i e l d i n g .  The sub- 
su r face  depths o f  ou r  samples were %1 cm f o r  t i l e  c l a s t s  and ~ 3  cm f o r  t h e  
m a t r i x  m a t e r i a l .  Low s h i e l d i n g  i r r a d i a t i o n  i s  a1 so i n d i c a t e d  by t h e  cosmo- 
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genic 1 3 1 ~ e / 1 2 8 ~ e  value of 1.83 (Fig. 3 ) .  This value i s  the lowest tha t  we 
have measured f o r  any lunar rock and i s  s imilar  t o  values measured f o r  meteo- 
r i t e s  ( 4 ) .  As the higher 131~e /128Xe  values t ical of lunar rocks are  a t t r i -  
butable to  neutron capture by l 3 O ~ a  t o  y ie ld  lYPXe ( 5 ) ,  sample 76315 has 
apparently experienced an unusually low neutron f lux ,  which i s  consistent  
with an i r radia t ion  under conditions of low shielding. 

The young exposure age and the evidence fo r  low shielding suggest a sim- 
ple cosmic ray exposure history f o r  t h a t  s ide of the s t a t ion  6 boulders from 
which the rock samples were taken. This portion of the boulders apparently 
was deeply buried in i t s  original position higher on the slopes of florth 
Massif. Approximately 12-24 x lo6  yrs  ago the mass broke loose and rol led to  
i t s  present locat ion,  i n i t i a t i n g  cosmic ray exposure of the col lected samples. 
This would indicate t h a t  the track associated with t h i s  par t icular  boulder was 
formed approximately 12-24x106 y r s  ago, and tha t  so i l  76320 collected on the 
boulder was emplaced since tha t  time. i4o samples were collected from the op- 
posite s ide of the boulder, and t h i s  s ide may have a longer exposure time 
ref lec t ing  prior  i rradiat iot i  in the original position higher on Florth Massif. 
Possibly breccia sample 76055, which was collected from the regoli th near the 
boulders and which has a reported exposure age of 120x10~ yrs ( 6 ) ,  i s  repre- 
sentat ive of the exposure time of t h a t  s ide  of the boulders not sampled. 

Apollo 17 f ines  contain noble gas concentrations (Table 1 ) similar  t o  
f ines from previous missions. The trapped solar  0i4e/22ile ($1 2.85) and 
36Ar/38Ar ( ~ 5 . 3 9 )  are  s l i g h t l y  higher than typical f o r  bulk analyses, and 
analyses of grain s i z e  separates indicate tha t  t h i s  e f fec t  i s  largely produced 
by tile <20 micron grain s izes .  Cosmogenic 21ile ranges from ~ 1 8 x 1 0 - ~  cm3/g in 
two s o i l s  a t  s t a t ion  2, t o  ~ 3 0 - 3 5 ~ 1 0 - ~  cm3/g in s o i l s  a t  s ta t ions  5 and 6. 
4 ~ e  concentrations, 4 ~ e / 2 2 ~ l e  r a t i o s ,  and cosmogenic 21i4e contents of the bul k 
f ines  tend to  show a posi t ive correlat ion wi tli the fract ional  ilmenite con- 
t en t .  Ratios of 8 4 ~ r / 3 6 ~ r  and 1 3 2 X e / 3 6 ~ r  show much smaller variat ions.  Otlly 
minor differences e x i s t  in the noble gas compositions of four s o i l s  collected 
a t  s ta t ion  G (Table I ) ,  including s o i l s  collected between the large boulders 
and on the sloping s ide  of one of the boulders (76321). In par t icular ,  the 
composition of trapped solar  wind gases, the 4 0 ~ r / 3 6 ~ r  r a t i o ,  and the concen- 
t ra t ions  of cosmogenic noble gases determined in grain s i ze  separates of 
76501 and 76321 are  e s sen t i a l ly  ident ica l .  The cosmic ray exposure ages of 
these s o i l s ,  including the  0.25-1.0 mm s i ze  f rac t ions ,  a re  a t  l e a s t  an order 
of magnitude greater  than those measured on the s ta t ion  6 boulders. Therefore, 
76321 appears t o  have been thrown onto the boulder by local impacts, ra ther  
than being s igni f icant ly  derived by erosion of the boulder surface. 
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Noble Gas Concentrations and Isotopic  Ratios o f  Apollo 17 Fines (crn3 STP/g). 
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Fig.]  (above) 132~e!136~e. 1 3 4 ~ e / 1 3 6 ~ e  c o r r e l a t i o n  diagram. 
Mat r i x  e x t r a t i o n  temperatures are i n  hundred Co. Trend 
l i n e s  shw e f f e c t  o f  f i s s i o n  l e  fmm U-238 and Pu-244. 
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Fig.? ( r i g h t )  20fie!22~e. 21~e!2211e c o r r e l a t f o n  diagram. 
Trend l i n e  i s  between a b ~ o s p h e r i c  blank and cosm-  
gent c neon. 

Fig.3 (upper r i g h t )  Ye isotope c o r r e l a t i o n  diagrams 
showing two component mixtures o f  a i r  b lank  and c o r m -  
genic Xc. The 9 ~ O - 1 5 @ 3 ~  data have bccn c o r r e c t e d  f o r  
f i s s i o n  Xe. 
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