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Alpha spectrometer measurements of natural thorium in lunar samples are 
expressed as a comparison of the measured T h 2 3 2 / T h 2 3 0  ac t iv i ty  r a t i o  to  the 
T h 2 3 2 / T h 2 3 0  ac t iv i ty  r a t i o  expected from the T h 2 3 2 / ~ 2 3 8  concentration ra t io .  
This expected ra t io  i s  calculated by [Th232/U238]atom x [ x ~ ~ ~ / x ~ ~ ~ ]  as previ - 
ously described (1) .  Concentrations of uranium, thorium, expected ~ h ~ ~ ~ / ~ h ~ ~ ~  
r a t io ,  measured T h 2 3 2 / T h 2 3 0  r a t i o ,  and t he i r  quotient fo r  samples tha t  have 
not been reported previously are l i s t ed  in Table 1. Uranium and thorium con- 
centrations wei-e taken from Tatsumoto and others ( 2 ,  3 ) .  

Table 1. Concentrat ions of  uranium, thor ium, and r a d i o a c t i v i t y  r a t i o s  o f  thor ium isotopes. 
- - - . . - - . . . - - - - - -- 

u T h Th232/U2 38 Th23z/Th2ao Th232/Th230 Expected r a t i o  
5 a m p l ~  Pock type (ppm) (ppm) (atcin r a t i o )  (expected (measured Measured r a t i o  

a c t i v i t y  r a t i o )  a c t i v i t y  r a t i o )  
~ 

A p o l l o  14 
14963.37' Breccia 3.40 12.64 3.84 1.21 1.19 1.02 

( M t r i n )  
14307.26' Breccia 3.36 11.85 3.64 1.16 1. 18 .98 

( m a t r i x )  
14307.26. Breccia 4.99 17.29 3.58 1.14 1.18 . % 

( c l a s t )  
14318.26 Breccia 3.56 12.46 3.62 1.15 1.18 .97 
- . . . - - - - - - . - - - - - - - -- 
- - -  A p o l l o  15 
15071.36~ f i n e s  .MU) 2.456 3.73 1.18 1.15 1.03 
15(WO.nl* Fines .785 2.924 3.85 1.22 1.13 1.08 
15515.13 f ines .  c l o d  .974 3.619 3.84 1.22 1.19 1.02 
15600.3 Fines .522 1.889 3.74 1.19 1.16 1.02 
15505.25 B v c c i a  1.01 3.563 3.74 1.19 1.17 1.02 
15M5,45* C r y s t a l l i n e  . I37  .522 3.96 1.26 1.03 1.22 
15076.20. C r y s t a l l i n e  .153 .590 3.98 1.26 .85 1.48 
l W l l 5 . 2 0 ~  C r y s t a l l l n e  . I 1 8  .459 4.01 1.27 .93 1.37 
15476.12* C r y s t a l l l n e  . I92  .733 3.95 1.25 1.11 1.13 
15555.10' C r y s t a l l i n e  . I 2 6  .460 3.76 1.19 .98 1.21 

- . - . . -- . . - - - . -- - A p o l l o  16 
66011 $22. F'lnes .638 2.546 4.12 1.31 1.08 1.21 
66081.19. Flnes .668 2.764 4.28 1.36 1.15 1.18 
68501.45. Fines .641 2.533 4.11 1.31 1.24 1.06 
67015.11. Breccla 1.21 4.449 3.77 1.20 1.15 1.04 

(b lack  c l a s t )  
67015.12* Breccia .2W .732 3.76 1.19 1.08 1 . l o  

(mat r ix )  
64435.57 Brecc ia  ----- .023 .092 4.19 1.33 .95 1.40 

------ A w l l o  17 
74220.16 f i n e s  . I61  .555 3.57 1 . I 3  1 .OO 1.13 

--- 
*Solut ions o f  samoles conta ln fng  U and Th obta lned f r o m  H. T a t s m t o .  

The resul ts  of the comparison of measured thorium isotopic rat ios to  the 
expected ra t ios  fo r  a l l  samples analyzed from the s ix  Apollo missions are 
shown in Figure 1. Analyzed samples from Apollo 11, 12, and 14 missions not 
included in Table 1 were reported (1 , 4 ,  5 ) .  Values that  exceed unity on the 
abscissa of t h i s  diagram indicate an excess of radioactivity over that  
expected a t  the a-part icle energy of T h 2 3 0  (4.66 MeV peak) or  a deficiency in 
the alpha-particle intensity of T h 2 3 2  (4.00 MeV peak). I do not a t t r ibu te  the 
variations in the T h 2 3 2 / T h 2 3 0  ra t ios  t o  disequilibrium in the U238-U234-Th230 
decay sequence, because of the equilibrium conditions demonstrated between 
U 2 3 4  and U 2 3 8  and equilibrium between Pa231 and U 2 3 5  in a1 1 samples in which 
these ra t ios  have been measured. 

0 Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



ISOTOPIC COMPOSITION OF THORIUM 

Rosho l t ,  J. N. 

F igu re  1. V a r i a t i o n s  o f  Th232/Th230 r a t i o s  i n  1 unar  samples w i t h  Apol l o  
m iss ion  number shown on o r d i n a t e .  B, b r e c c i a ;  C ,  c r y s t a l l i n e  rock ,  F, f i n e s .  

Examinat ion o f  t h e  f i n e  s t r u c t u r e  a t  4.66 MeV a lpha energy was made pos- 
s i b l e  by  improved r e s o l u t i o n  i n  t h e  alpha spectrometer.  Recent measurements 
on 1 unar samples t h a t  have anomalous Th232/Th230 a c t i v i t y  r a t i o s  i n d i c a t e  t h a t  
o n l y  Th230 a c t i v i t y  c o n t r i b u t e s  t o  t h e  4.66 MeV energy peak. The p rev ious  
suggest ion  (1 ) t h a t  an isomer o f  Th232 (Th232m) decayed w i t h  4.7 MeV alpha 
emiss ion was n o t  c o r r e c t .  Anomalous Th232/Th230 a c t i v i t y  r a t i o s  caused b a 
d e f i c i e n c y  i n  t h e  a l p h a - p a r t i c l e  i n t e n s i t y  o f  Th232 c o u l d  mean t h a t  Th232 8 
decays by  gamma t r a n s i t i o n  t o  Th232 a t  t h e  ground-energy s t a t e .  

I f  such an isomer e x i s t s ,  F igu re  1 i l l u s t r a t e s  t h a t  t h e  i s o m e r i c  r a t i o  
( ~ h 2 3 ~ ~ / T h ~ ~ ~ )  appears t o  be g r e a t e s t  i n  mare b a s a l t s  and t h e  l e a s t  o r  n i l  i n  
samples w i t h  a l a r g e  KREEP component such as t h e  b r e c c i a  samples f rom A p o l l o  
12 and 14. Samples o f  f i n e s  appear t o  be i n t e r m e d i a t e  between b r e c c i a s  and 
igneous rocks ;  b r e c c i a s  and f i n e s  analyzed f rom A p o l l o  16 and f i n e s  (orange 
s o i l  ) analyzed f r o m  A p o l l o  17 appear t o  have l a r g e r  Th232m/Th232 r a t i o s  than  
b recc ias  and f i n e s  f rom any o f  t h e  p rev ious  miss ions.  
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Previous r e p o r t s  ( 1 ,  6 )  have discussed c l u e s ,  regarding t h e  e x i s t e n c e  of 
an isomer o f  Th232, from neutron i r r a d i a t i o n  of lunar  and t e r r e s t r i a l  tho-  
rium. A s i g n i f i c a n t  amount o f  5 .3  MeV alpha a c t i v i t y  was produced. More 
recen t  measurements i n d i c a t e  t h a t  t h i s  a c t i v i t y  r e s u l t s  from d i s i n t e g r a t i o n  
of Po210 (1 38-day half -1  i f e ) .  Gamma spectrometry  measurements on samples 
i r r a d i a t e d  with a s m a l l e r  neutron f l u x  showed t h a t  a s i g n i f i c a n t  amount o f  a 
412 KeV gamma e m i t t e r  was produced i n  thorium separa ted  from lunar  samples. 
A h igher  a c t i v i t y  of t h e  412 KeV gamma e m i t t e r  was produced in  thorium from 
lunar  samples 15085 and 74220 than i n  thorium from t e r r e s t r i a l  samples. Sub- 
sequent i r r a d i a t i o n s  and h a l f - l i f e  measurements i n d i c a t e  t h a t  t h i s  a c t i v i t y  
a c t u a l l y  r e s u l t s  from t h e  decay o f  A u l g 8  (65-hour h a l f - l i f e ) .  I have not  
been ab le  t o  reproduce a decay o f  t h i s  energy with a 30-hour h a l f - l i f e  
repor ted as  a pre l iminary value ( 6 ) .  Unfor tunate ly ,  both Po210 and A u l g 8  can 
be produced by i n t e r f e r i n g  nuc lea r  r e a c t i o n s  ~i~~~ ( n Y y )  ~i~~~ Po210 and 
A u l g 7  ( n , y )  A u l g 8 .  These i n t e r f e r i n g  r e a c t i o n s  would occur  i f  small amounts 
o f  bismuth and gold were p resen t  i n  t h e  p u r i f i e d  thorium o r  in  t h e  mate r ia l  
upon which t h e  thorium was mounted f o r  i r r a d i a t i o n .  The amounts o f  A u l g 8  and 
po210 produced i n  thorium from s e l e c t e d  l u n a r  samples and t h e  lack of t h i s  
a c t i v i t y  produced i n  t h o r i  um from t e r r e s t r i  a1 samples suggest  a c o r r e l a t i o n  
with anomalous i s o t o p i c  composition of thorium. I t  would appear d i f f i c u l t  t o  
produce such c o r r e l  a t i o n s  from i n t e r f e r i n g  nuc lea r  r e a c t i o n s  a lone.  
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