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Among t h e  many p u z z l i n g  f e a t u r e s  o f  t h e  l u n a r  su r face  a r e  t h e  s o i l s  
t h a t  c o n s i s t  p r i m a r i l y  o f  smal l  spheru les  - green i n  t h e  case o f  A p o l l o  
15 s o i l s  f rom f rom S t a t i o n s  6a and 7 near t h e  Apennine f r o n t  and red i f i sh -  
brown ( "orange")  i n  s o i l  f rom S h o r t y  C r a t e r  a t  S t a t i o n  5 o f  t h e  H p o l l o  
17 miss ion.  The orange s o i l  i n  p a r t i c u l a r  has provoked d i scuss ion  as 
t o  whether i t s  o r i g i n  was f rom h y p e r v e l o c i t y  impacts, such as have been 
r e s p o n s i b l e  f o r  a  wide v a r i e t y  o f  l u n a r  su r face  f e a t u r e s ,  o r  f rom v o l -  
can ic  e f f e c t s  such as have been sought  a t  each l u n a r  s i t e  t h a t  has been 
sampled. Ke id  e t  a l .  (1 )  n o t e  s i m i l a r i t i e s  t o  l a v a  f o u n t a i n s  on Hawai i ,  
p a r t i c u l a r l y  t h e  extreme compos i t i ona l  u n i f o r m i t y ,  b u t  add t h a t  t h e  cae 
i s  " n o t  c o n c l u s i v e " .  Roeder and Weiblen, ( 2 )  summarize t h e  arguments 
a g a i n s t  f o u r  s p e c i f i c  p roposa ls  and conclude t h a t  impact  on a  mo l ten  
1  ava poo l  i s  t h e  o n l y  p e r m i t t e d  mechanism. 

Because a  c e n t r a l  p o i n t  i n  most o f  t h e  d i scuss ions  has been t h e  
u n i f o r m i t y  o f  compos i t ion  o f  t h e  g lasses,  we have made measurements o f  
t h e  uranium c o n t e n t  o f  green g lass  (15401 ) and orange g lass  (74220) 
spherules.  Our e a r l i e r  measurements on a  v e r y  l i m i t e d  number o f  green 
g lass  spheru les  had shown wide v a r i a t i o n s  (3 ) ,  which woil ld appear t o  
r u l e  o u t  a  l a v a  f o u n t a i n  as a  source o f  t h a t  m a t e r i a l .  

Spherules were annealed t o  reFove p r e - e x i s t i n g  t r a c k s ,  mounted i n  
epoxy, po l i shed ,  and then s t u d i e d  by t h e  t r a c k  a c t i v a t i o n  techn ique ( 4 )  
used i n  h manner desc r ibed  i n  r e f e r e n c e  ( 3 ) .  The t r a c k s  o f  neut ron-  
induced 53gU f i s s i o n s  were counted e i t h e r  i n  ad jacen t  mica ( w i t h  2 
p. p. b. uranium, suppl  i e d  b y  C.  W. Naeser) o r  Lexan po lycarbonate  detec-  
t o r s  (0.1 p.p.b. uranium) o r  i n t e r n a l l y  a f t e r  g r i n d i n g  and p o l i s h i n g .  
I n  t h e  l a t t e r  case an e t c h i n g  e f f i c i e n c y  n was i n f e r r e d  f rom measured 
values o f  t h e  f i s s i o n  t r a c k  d iameters  D o f  normal i nc idence  t r a c k s  and 
from t h e  th i ckness  o f  t h e  g l a s s  s u r f a c e  and t h e  a d j a c e n t  epoxy i n  which 
t h e  g lass  was h e l d .  The r e l a t i o n s h i p  used was 

n =[2 ( D l 2  v G t )  I ( 1  + [Dl2 vGt12 ) I* , 
which assume t h a t  t h e  t r a c k  cone ang le  8 i s  cons tan t  and t h a t  n i s  
g i ven  by cos2 ( r e f e r e n c e  5 ) .  

Uranium con ten ts  a r e  measured re1 a t i v e  t o  t h e  General E l e c t r i c  
s tandard  g l a s s  ( 6 ) ,  which has 0.35 (+ .02) p.p.m. o f  uranium. E r r o r s  
quoted a r e  s tandard  d e v i a t i o n s  due to c o u n t i n g  s t a t i s t i c s  on l y .  

The s c a t t e r  i n  most o f  t h e  r e s u i t s  a r e  compat ib le  w i t h  expected 
d e v i a t i o n s  f rom n e a r l y  cons tan t  uranium va lues.  For  example, t h e  data  
f o r  orange g lass  a r e  c o n s i s t e n t  w i t h  t h e  uranium be ing  remarkably con- 
s t a n t  a t  121 (+ 19) p a r t s  p e r  b i l l i o n .  

The g r e e n g l a s s  of d e n s i t y  > 2.6 gm/cm3, however, c o n t a i n s  a t  l e a s t  
two separa te  components. Twen ty - f i ve  o f  t h e  spheru les  w i t h  s p e c i f i c  
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g r a v i t y  >2.6 a r e  c o n s i s t e n t  w i t h  a  f i x e d  va lue  o f  44 (2 7) p.p.b. w h i l e  
f o u r  spherules f rom o u r  prev ious work a re  much h i g h e r :  570(+ 90) p.p.b. 
I n d i v i d u a l  measurements f o r  t h a t  group were 670 (+ 60) ,  590 T+ 140), 205 
(+ 140). and 670 (+ - 335) p.p.b., u s i n g  t h e  same eTching e f f i c i e n c i e s  as 
were d e r i v e d  here. Since i n t e r n a l  t r a c k s  were counted, contaminat ion i s  
n o t  a  tenab le  e x p l a n a t i o n  o f  these h i g h e r  values.  A l l  o f  t h e  values f o r  
i n d i v i d u a l  spheru les  a re  lower  than the  average va lue  o f  900 (+  1  l0)p.p.b. 
found by K e i t h  e t  a1. (7 )  f o r  a  whole s o i l  sample , i n d i c a t i n g  f i e  presence 
o f  a  component w i t h  g r e a t e r  uranium con ten t  than t h e  spheru les .  

The low s p e c i f i c  g r a v i t y  f r a c t i o n  can be d  esc r ibed  as rough ly  con- 
s t a n t  a t  45 (+ 15) p.p.b. Th is  i s  dec ided ly  d i s t i n c t  f rom t h e  5.1 (+1.5) 
p.p.b. quoted-by us f o r  t h e  green g lass  f rom nearby sample 15426,74 Ta 
c l o d  o f  1  oose ly  compacted green spheru l  es ). However, a  misunderstanding 
by one o f  us (RLF) concern ing t h a t  da ta  has been recognized.  I n  t h i s  case, 
where the  uranium c o n c e n t r a t i o n  was i n f e r r e d  f rom t h e  Lexan de tec to rs ,  t h e  
r e s o l u t i o n  was poor. Re-analysis i m p l i e s  t h a t  t h e  c o r r e c t  uranium concen- 
t r a t i o n  i s  c e r t a i n l y  g r e a t e r  than 5  p.p.b., w i t h  t h e  most l i k e l y  va lue  
be ing  $50 p.p.b. Th is  va lue i s  t h e r e f o r e  i n d i s t i n g u i s h a b l e  f rom the  45 
p.p.b. p o r t i o n  o f  15401. The above data  a re  summarized i n  t h e  t a b l e .  

The r e s u l t s  do n o t  r e s o l v e  t h e  puzz le  o f  the  o r i g i n  o f  these samples. 
I t  i s  p o s s i b l e  t h a t  t h e  double-valued concen t ra t i ons  a re  due t o  admix- 
t u r e s  o f  separate  b u t  s i m i l a r l y  appear ing green glasses f o l l o w i n g  the  
o r i g i n a l  p roduc t ion  o f  the  main masses. Since t h e  two values w i t h i n  t h e  
h i g h  s p e c i f i c  g r a v i t y  f r a c t i o n  o f  15401 were i n  spherules o f  i d e n t i c a l  
appearance, no obvious exp lana t ion  o r  separate  evidence o f  t h e  d i f f e r e n c e s  
i s  for thcoming.  
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Urani  uni Concent ra t ions  i n  Glass Spherules 

GREEN GLASS 

S p e c i f i c  G r a v i t y  > 2.6 

25 spheru les  f rom 15401 
4 spheru les  f rom 15401 

S p e c i f i c  G r a v i t y  < 2.6 

13 spheru les  f rom 15401 
3 spheru les  f r o m  15426 

ORANGE GLASS 

20 spheru les  f r o m  74220 

* Revised f r o m  p rev ious  v a l u e  (3 ) .  
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