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It has l o n g  been recogn ized t h a t  measurements o f  t h e  a c t i v i t y  o f  cosmic 
r a y  and s o l a r  p r o t o n  induced r a d i o n u c l i d e s  p rov ides  the  most unequivocal  e v i -  
dence f o r  r e c e n t  exposure (as opposed t o  cumu la t i ve  exposure, p rov ided  by 
t r a c k s ,  e t c .  ) i n  e x t r a t e r r e s t r i a l  o b j e c t s .  However, i n  o r d e r  t o  c a l c u l a t e  an 
exposure age some e s t i m a t e  o f  t h e  s a t u r a t e d  26A1 a c t i v i t y  must be made. Such 
es t imates  have been made f rom i n t e r n a l  ev idence (1,2) f o r  me teo r i t es ,  and we 
p resen t  here an analogous es t ima te  f o r  t h e  s a t u r a t e d  26A1 a c t i v i t y  i n  l u n a r  
samples d e r i v e d  o n l y  f rom 1  unar da ta .  

Since A p o l l o  12, some l u n a r  samples have been desc r ibed  as unsa tu ra ted  i n  
26A1 - 12054, 12062, 12064, 15475 and 15495 by  0 '  Kel l e y  e t  a1 . (3,4), 15205, 
15206 and 15501,2 by  Ranci t e l l  i e t  a1 . ( 5 ) ,  and 14045, 15086, 15426 and 15431 
by K e i t h  e t  a l .  ( 6 ) .  No method o f  i d e n t i f i c a t i o n  o f  u n s a t u r a t i o n  t h a t  was 
f r e e  o f  assumptions about  t h e  appropr ia teness t o  l u n a r  samples o f  non- lunar  
data  was a v a i l a b l e ,  however. I n  t h i s  paper we p resen t  such a  method; we r e -  
move t h e  v a r i a t i o n  i n  t h e  26A1 s p e c i f i c  a c t i v i t i e s  o f  a  se lec ted  s e t  o f  l u n a r  
samples due t o  t h e  v a r i a t i o n  i n  t h e i r  chemical compos i t ion  and t h e i r  s u r f a c e  
t o  volume r a t i o s ,  l e a v i n g  o n l y  t h e  e r r o r s  i n  t h e  measurements and t h e  v a r i a -  
t i o n  i n  t h e  a c t i v i t y  due t o  t h e  v a r i a t i o n s  i n  t h e  c o n d i t i o n s  o f  i r r a d i a t i o n  t o  
va ry  randomly. I n  t h e  process o f  f i n d i n g  a  subset  o f  t h e  o r i g i n a l  s e t  o f  sam- 
p l e s  we s h a l l  use i n t e r n a l  cons i s tency  arguments as w e l l  as p h y s i c a l  i n t u i t i o n  
t o  y~l idr , lus i n  improv ing  t h e  r e g r e s s i o n  model and i n  s e l e c t i n g  samples t o  e l i m -  
i n a t e  f rom t h e  s a t u r a t e d  s e t .  

I n  s e l e c t i n g  ou r  o r i g i n a l  s e t  o f  samples we l o o k  f o r  those samples t h a t  
have as 1  i ttl e  as p o s s i b l e  non-random (man-made) a1 t e r a t i o n ,  t h a t  m i g h t  rea -  
sonably be expected t o  have ma in ta ined  t h e i r  shape f o r  t h e  l a s t  few m i l l i o n  
years  (no f i n e s )  and f o r  which t h e  chemical compos i t ion  i s  known and t h e  2 6 ~ 1  
a c t i v i t y  was measured on t h e  whole rock .  As a  r e s u l t  o f  t h e  search, 28 such 
cases were found and a r e  shown i n  Tab le  1. 

The i n t e r n a l  cons i s tency  arguments mentioned above wi  11 i n v o l  ve ou r  r e -  
quirement o f  good behav ior  on t h e  p a r t  o f  t h e  r e s i d u a l s ;  t h a t  n e i t h e r  t h e  ob- 
served value,  n o r  t h e  p r e d i c t e d  va lue  o f  26A1 a c t i v i t y ,  n o r  any o f  t h e  inde-  
pendent v a r i a b l e s  d i s p l a y  a  s i g n i f i c a n t  c o r r e l a t i o n  w i t h  t h e  r e s i d u a l s .  We 
s h a l l  s t a r t  by r e g r e s s i n g  t h e  observed va lue  o f  t h e  26A1 a c t i v i t y  o f  t h e  
A p o l l o  11, 12, 14 and 15 samples on t h e  s i l i c a ,  alumina and magnesia con ten ts  
o f  these samples. The r e s u l t s  appear i n  F i g u r e  1 .  There appears t o  be a  
r a t h e r  compact group o f  p o i n t s  w i t h  f o u r  consp icuous ly  low - those due t o  
12034, 12064, 14301 and 15265. The f i r s t  t h r e e  o f  these f o u r  have p r e v i o u s l y  
been descr ibed as unsatura ted.  We d i s c a r d  them and t r y  aga in .  I n  o rde r  t o  
o b t a i n  good behav ior  i n  t h e  r e s i d u a l s  we a re  f o r c e d  t o  add t h r e e  more v a r i  - 
ab les  t o  t h e  model wh ich  accommodate t h e  v a r i a t i o n  i n  the  26A1 a c t i v ' t y  due t o  
v a r i a t i o n  i t h e  s u r f a c e  t q  volume r a t i o s  i n  t h e  samples: [SiOe] w - 1 1 3  pxpl '!- 1 7 3  and [MgO] w- / '  (where w i s  t h e  we igh t  of t h e  sample i n  kg and 

1s t h e  pe rcen t  o x i d e ) .  S ince t h e  exposed sur faces o f  l u n a r  samples 
a r e  nown t o  have s t r o n g  a c t i v i t y  g r a d i e n t s  due t o  s o l a r  p r o t o n  bombardment, 
t h i s  i s  n o t  an unexpected r e s u l t .  Proceeding i n  t h i s  f a s h i o n  th rough many 
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t r i a l s  which we do n o t  have room t o  descr ibe,  we show t h a t  t h e  s a t u r a t e d  2 6 ~ 1  
s  e c i f i c  a c t i v i t y  o f  o u r  s a t u r a t e d  subset (see Tab le  1 )  can b  represented by: 
"A1 (dpm/kg) = 0.652[SiOZ] + 2.50 [A12O3] + 0.560 [A1203] w-lP3+ 2.28 [MgO] 
w - l l 3 .  Sy Ix  = 5.54, F  = 1670. Other independent v a r i a b l e s  (e.g. [MgO]) t u r n  
o u t  t o  be n o t  s i g n i f i c a n t ,  and t h e  r e s i d u a l s  (see F i g u r e  2 )  a re  well-behaved. 
Note a l s o  t h a t  no member o f  t h e  o r i g i n a l  s e t  i d e n t i f i e d  as unsatura ted f a i l e d  
t o  a l s o  be so i d e n t i f i e d  by ou r  s e l e c t i o n  process. 

We have developed a  sys temat ic  method of p r e d i c t i n g  t h e  sa tu ra ted  26A1 
s p e c i f i c  a c t i v i t y  o f  l u n a r  r o c k  samples from va r ious  r e a d i l y  observable v a r i -  
ab les .  From t h i s  two major  consequences f l o w :  by p o s t u l a t i n g  a  one-step 
e l e v a t i o n  t o  t h e  su r face  f rom depths s u f f i c i e n t  t o  produce o n l y  n e g l i g i b l e  
2 6 ~ 1  a c t i v i t y ,  one can c a l c u l a t e  the  most probab le  l e n g t h  o f  t ime  t h a t  these 
samples have been exposed on t h e  l u n a r  sur face.  These "exposure ages" should 
be regarded as upper l i m i t s  (because t h e  2 6 ~ 1  p roduc t ion  r a t e  may have been 
nonnegl i g i  b l e ,  as i n  t h e  case o f  12034 which was found i n  a  t r e n c h )  and a r e  
shown i n  Tab le  2. A  new, more q u a n t i t a t i v e  measure o f  the  r e c e n t  deep garden- 
i n g  o f  t h e  l u n a r  r e g o l i t h  i s  a l s o  made a v a i l a b l e :  s ince  6 o f  27 samples 
found on t h e  l u n a r  su r face  have been shown t o  be unsaturated,  t h e  p r o b a b i l i t y  
o f  choosing another  unsatura ted sample i s  0 .22 fS  :! (90% conf idence 1  i m i  t s )  . 
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Table  1. A l i s t  o f  the l u n a r  samples whose data  is used I n  t h i s  paper. 
F i gu re  1. Scat ter  p l o t  o f  r es i dua l s  va .  observed 

vnlues f o r  i n i t i a l  model. 

* Ind icates samples found no t  be be  mmbers o f  t he  sa tu ra ted  set .  A l l  
Unstarred samples are  members o f  t h a t  set. 

The l e t t e r  a f t e r  edCh sample number i d e n t i f i e s  the cor responding p o i n t  
i n  F igure 1. 

Table 2. Residuals and exposure ages o f  unsaturated l u n a r  samples. 

D i f f e r e n c e  
Observcd between obsv. Exposure aget  

Sample 1 6 ~ 1  a c t i v i t y  and p r e d i c t e d  
(dpmfkg) 26A1 a c t i v i t y i  tz 

( d ~ - / b g )  (m.y.1 

10003 74 + 8 -14.8 r 9.84 

'The exposure age of  12034 may be presuned t o  bc zero, s j n c e  i t  was 
dug up but  i t  was not bu r i ed  deep l y  enough t o  have a n e g l i g i b l e  
"A1 d t i v i t y .  

f ~ h e  standard dev ia t ions i n  t h i s  co lunn  a re  ca l cu la ted  f rom those 
of the observed value and those of  t h e  p r e d i c t e d  value. 

tThe incrcmcnts t o  the agc l i s t e d  he re  correspond t o  one s tandard 
dev ia t i on  i n  thc  a c t i v i t y  r a t i o  D,/D_. 

Figure 2. Scat ter  p l o t  o f  res id-2a ls  vs. observed va lues f o r  f i n a l  m d e l .  
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