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2 3 6 ~  (2.34~10~ yr half-life) and 2 3 7 ~ p  (2.14~106 yr) have been 
found widely in lunar samples (1,2). Their abundances have im- 
plied a larger galactic cosmic ray induced neutron flux, and/or 
a larger solar cosmic ray proton flux than can be inferred from 
recent direct observations, or from other cosmogenic radionu- 
clides in lunar and meteoritic samples. The 236~:238~ ratio at 
three depths in rock 12002 are reported. Different samples of 
12070 have varying 236~:238~ ratios, although there is very good 
agreement between separate measurements of the same sample. It 
is suggested that the very fine fragments contain a component 
derived from ablation and that these fines are not homogeneously 
distributed in 12070. Re-examination of the 2 3 6 ~  : 2 3 8 ~  ratios in 
dummies support the validity of the measurements. A small inter- 
mittent reagent blank has inhibited the presentation of new re- 
sults from this laboratory; results derived from uranium samples 
processed elsewhere are presented. 

Experimental 

Before and after each roup of sam les, the 236~:238~ ratio 
of Port Hope uranium (236U:838U = 6x10-To) (3) is measured to in- 
sure against machine-related s urious signals. Dummy uranium 
samples with small amounts of 336U are used to check the position 
of the 2 3 6 ~  peak. In some samples spurious counts at the mass 
236 position were observed upon initial heating. These counts 
are not present upon subsequent heating. All data in which the 
temperature fractionation of 2 3 6 ~  has not been tested have been 
rejected in this and in all earlier papers. Each group of sam- 
ples are also processed along with reagent blanks containing iron 
and 3 pg of Port Hope uranium. Some of these reagent blanks have 
recently been as high as 236~:238~ = 25 x but the results 
are not reproducible, and the source of the spurious 2 3 6 ~  has not 
yet been traced. Consequently, no new results (other than 12070, 
136 below) are reported for samples processed in this laboratory. 

Uranium, or uranium-rich fractions obtained from other lab- 
oratories have been measured, and are reported in Table 1. These 
are not accompanied by full reagent blanks, but the low values of 
Z36u:23*u in each set support the assumption that the higher 
values of 23% arise from cosmic ray irradiation of lunar uranium 

The tube and pipette from which 12070,91 were originally 
loaded onto the mass spectrometer was leached and this was again 
mass spectrometrically examined (three years after the original 
measurement). In addition a new sample, 12070,136 was processed, 
in a manner reported earlier (4) and the 236~:238~ was measured. 
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R e s u l t s  and Discuss ion  

There i s  no c l e a r  p a t t e r n  i n  t h e  2 3 6 ~ : 2 3 8 ~  r a t i o s  of  t h e  
l a y e r s  of 12002, t h a t  resembles e i t h e r  s o l a r  cosmic r a y  proton 
r e a c t i o n s ,  o r  g a l a c t i c  cosmic r a y  induced neut ron r e a c t i o n s .  
Examples of both  k inds  cosmogenic r e a c t i o n s  a r e  c l e a r l y  seen f o r  
success ive  l a y e r s  o f  12002 i n  r e f e r e n c e s  5 and 6 .  

The a b l a t i o n  p roduc t s  of  t h e  l u n a r  s u r f a c e  should be r i c h  i n  
s o l a r  cosmic-ray induced r a d i o a c t i v i t y  and t h i s  may be c o n s i s t e n t  
wi th  f i n d i n g  ve ry  h igh 2 3 6 ~ : 2 3 8 ~  r a t i o s  i n  f i n e s  12070,91 and 
15080,2. There was however, no l a r g e  amount of ( 7 . 4 ~ 1 0 5  y r )  2 6 ~ 1  
i n  12070,91 (7)  and a l a r g e  amount of  solar-cosmic-ray produced 
2 6 ~ 1  would be expected u n l e s s  much of  t h e  i r r a d i a t i o n  t h a t  pro- 
duced 2 3 6 ~  occurred  more t h a n  2 m i l l i o n  yea r s  ago. 

There have been f i v e  ana lyses  of  12070 uranium wi th  anoma- 
l o u s  r e s u l t s .  O r i g i n a l l y ,  12070,91 was analyzed and 2 3 6 ~ : 2 3 8 ~  = 
(215+15) x10-9 was r e p o r t e d  (1) . Recent ly ,  t h e  r e s i d u e s  ob ta ined  
by l each ing  t h e  g l a s s  from which t h e  sample was loaded i n t o  t h e  
mass spect rometer  were a g a i n  measured a t  (200+15)x10-~  i n  exce l -  
l e n t  agreement wi th  t h e  e a r l i e r  measurement. The f r a c t i o n  of  a 
small  p o r t i o n  of 12070,91 from which a l l  of  t h e  f i n e s t  fragments 
had been removed had a 2 3 6 ~ : ~ 3 8 ~  r a t i o  of only  (31+6)x10-9 (1) . 
Sample 12070,3, t h e  sweepings of  t h e  box i n  which 12070 was pro- 
cessed ,  gave a poor a n a l y s i s :  2 3 6 ~ : 2 3 8 ~  = (24f5)xlo-9 .  No good 
exp lana t ion  f o r  t h e s e  r e s u l t s  e x i s t s :  t h e r e  may be a c o r r e l a t i o n  
between h igh 2 3 5 ~ : 2 3 8 ~  v a l u e s  and t h e  f i n e s t  p a r t i c l e s t b u t  t h i s  
hy o t h e s e s  does n o t  have much exper imenta l  backing.  A ve ry  high 7 23 Np ( r e p o r t e d  i n  r e f e r e n c e  (1)) i n  t h e  o r i g i n a l  12070,91 pro- 
v i d e s  suppor t  f o r  a cosmic r a y  i r r a d i a t i o n  t h a t  produced both  
n u c l i d e s .  

E a r l i e r  work has  l e d  t o  a p o s t u l a t e d  l a r g e  g a l a c t i c  cosmic- 
ray-induced neut ron f l u x  10-70 m i l l i o n  y e a r s  ago. uch a f l u x  

1 2 6  could have produced p e r c e p t a b l e  amounts of 108 y r  Sm i n  
s e l e c t e d  l u n a r  samples.  An a t t empt  t o  f i n d  t h i s  n u c l i d e  i s  
incomplete.  
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Sample 

Table  1 

236u. 23aU 

1 5 5 0 5 . 2 5 ~  Rock, S t .  9  cra ter  e j e c t s  (23  k 3)  x  lo - '  

1 5 0 8 0 ~ 2 ~  F i n e s  S t a t i o n  2 (122 r 20) x  

14318,26l  Rock, p o i n t  H ( 5  i- 2)  

15515.13l  B r e c c i a  (76 ? 6 )  x  lo- '  

2  
12022 -0P-1 Rock, 0-1 mrn from t o p  (15 ? 4 )  x lo- '  

2  12002 -0P-5 Rock, 9-20 rnrn from t o p  (25 + 5)  x  lo - '  
2  12002 -0P-6 Rock, 20-60 mrn from t o p  (7  * 2)  

12070,136 c o u r s e  " f i n e s "  (24 k 5 )  x lo- '  

12070,91,2 r e r u n  (200 ? 1 5 )  x  lo - '  

1 P u r i f i e d  uranium from Rosho l t  ( r e f e r e n c e  8 ) .  

'uranium-rich f r a c t i o n  from F i n k e l  ( r e f e r e n c e  5 )  . 
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