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We have ana lyzed 5  smal l  fragments and a  sample o f  < I 2 5  pm f i n e s  f rom 
the  Luna-20 m iss ion  and 7, <1 mm f i n e s  samples (60601,g; 61221,12; 61241,14; 
6 4 5 0 1 , l l ;  65701,18; 67601 ,15; 69941,25) and t h r e e  rocks (67075,17; 65015,60; 
and 60335,35) f rom t h e  Apol l o  16 m iss ion  f o r  REE and o t h e r  t r a c e  elements. 
Concent ra t ions  o f  t h e  REE i n  a l l  8  s o i l s  a r e  lower than i n  s o i l s  f rom o t h e r  
miss ions.  Negat ive  Eu anomalies a r e  present  i n  a l l  bu t  67075,17 and they  
a r e  sma l le r  than those found i n  p rev ious  miss ions.  There i s  a  general  t r e n d  
o f  mutual decrease o f  Sm concen t ra t  ions,  r a t i o s  o f  concen t ra t  i on  o f  Sm t o  
K20, and o f  Sm t o  Eu i n  these s o i l s  p l u s  7 o t h e r s  (1,2) which i s  s t r i c t l y  
f o l l o w e d  by a l l  except  62281, 68501, and 61241. 

Rock 65015,60 (monomict b r e c c i a  produced f rom gabbro ic  a n o r t h o s i t e  
(3) has concen t ra t  ions  o f  REE and o t h e r  t r a c e  elements t h a t  a r e  
c h a r a c t e r i s t i c  o f  KREEP. Rock 67075,17 (anor thos i t e  ( 3 ) )  has low concent ra-  
t i o n s  o f  REE (Sm = 0.12 ppm) and a  p o s i t i v e  Eu anomaly (EU = 0.68 ppm). 
Rock 60335,35 ( t r a c t 0 1  i t e  ? ( 3 ) )  has i n te rmed ia te  REE concen t ra t  ions  and a  
n e g a t i v e  Eu anomaly. 

The presence o f  m a t e r i a l s  such as rock  65015,60 and 60315 and 62235 (4)  
suggests t h a t  a  KREEP component may be respons ib le  f o r  t h e  t rends  descr ibed 
above f o r  t h e  A p o l l o  16 s o i l s .  

The rock  f ragments f rom Luna 20 inc lude  two f e l d s p a r - r i c h  p ieces 
(22006,2 and 22008, l )  w i t h  low REE concen t ra t i ons  and p o s i t i v e  Eu anomalies 
(Sm = 0.68 and 0.93 ppm; Eu = 0.86 and 0.76 ppm) , two b r e c c i a s  (22004,2; 
22005,l)  w i t h  c o n c e n t r a t i o n s  s i m i l a r  t o  t h a t  o f  t h e  s o i l  (22001,7), and a  
b r e c c i a  (22007,2) w i t h  concen t ra t  ions  i ntermed i a t e  between those o f  t h e  
s o i l  and KREEP. The e x t e n t  t o  wh ich  a c c u r a t e l y  measured concen t ra t i ons  f o r  
- 1  mg fragments rep resen t  l a r g e r  rocks  o r  rock  fo rma t ions  i s  n o t  known. The 
data c o r r e l a t e  w e l l ,  however, w i t h  those ob ta ined  on o t h e r  smal l  fragments 
f rom the  Luna-20 co re  (2 ,s ) .  A lso ,  we have analyzed 4  smal l  ch ips  f rom rock  
65015,60 and have found a spread o f  o n l y  + l o %  f rom t h e  va lue  ob ta ined  f o r  
a  p o r t i o n  o f  powder prepared f rom a  0 .5  gm c h i p .  The data  f o r  t h e  f e l d s p a r -  
r i c h  rocks a r e  comparable t o  those  ob ta ined  f o r  a n o r t h o s i t e  15415 (6) and - 

metarorphosed anor thos i  t i c  gabbro 15418 ( 1 ) .  We t e n t a t i v e l y  conclude t h a t  
analyses o f  smal l  fragments p r o v i d e  r e p r e s e n t a t i v e  data  f o r  a t  l e a s t  c e r t a i n  
types o f  h igh land  rocks .  

We have examined a  number o f  mare m a t e r i a l s  and h igh land  m a t e r i a l s  t h a t  
a r e  complementary i n  t h e  sense t h a t  t hey  can be combined t o  p rov ide  a  REE 
d i s t r i b u t i o n  t h a t  has t h e  same c o n c e n t r a t i o n  r a t i o  o f  Sm t o  Eu as do 
c h o n d r i t i c  m e t e o r i t e s .  T y p i c a l  h igh land  a n o r t h o s i t i c  rocks  ( ~ m  -Eu - 0.77 
ppm) as we1 1 as 15415 can be r e a d i l y  combined w i t h  t h e  mare basal t s  t o  
p r o v i d e  t h e  c h o n d r i t i c  c o n c e n t r a t i o n  r a t i o  o f  Sm t o  Eu. As observed 
p r e v i o u s l y  (7 ) ,  t h e  c o n c e n t r a t i o n s  o f  Sm and Eu i n  t h e  r e s u l t i n g  m ix tu res  
a r e  constant  and n e a r l y  15 t imes those o f  c h o n d r i t e s  f o r  b a s a l t s  o f  a l l  
A p o l l o  miss ions.  T h i s  constancy disappears when a n o r t h o s i t e s  w i t h  g r e a t e r  
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c o n c e n t r a t i o n s  o f  t h e  REE such as those i n  14313 and 14063 (7)  a r e  used. 
One s o i  1 (67075,17) f rom N o r t h  Ray c r a t e r  has a  smal l  p o s i t i v e  Eu 

anomaly. I f  t h e  c o n c e n t r a t i o n  r a t i o  o f  Sm t o  Eu i n  t h e  l u n a r  c r u s t  equa ls  
t h a t  i n  c h o n d r i t e s ,  then s o i l s  w i t h  p o s i t i v e  Eu anomalies a r e  t o  be 
expected,  i f  s o i l s  rep resen t  t h e  presumed E u - r i c h  a n o r t h o s i t i c  c r u s t .  That  
a1 1 b u t  one s o i  1 from t h e  Apol l o  16 and Luna 20 m iss ions  have n e g a t i v e  Eu 
anomal ies may be an a r t i f a c t  o f  t h e i r  p r o x i m i t y  t o  mar ia ,  so t h a t  s o i l s  
neares t  t h e  su r face  i n  these h i g h l a n d  areas a r e  s u f f i c i e n t l y  "contaminated" 
w i t h  KREEP-like m a t e r i a l s  t h a t  t hey  have, o v e r a l l ,  n e g a t i v e  Eu anomal ies.  
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  one s o i l  (67075,17) w i t h  t h e  p o s i t i v e  
Eu anomaly has t h e  lowest  REE c o n c e n t r a t i o n s  o f  a l l  o f  t h e  h i g h l a n d  s o i l s  
y e t  examined, and was a p p a r e n t l y  excavated f rom ap2 rox ima te l y  200 m depth  
when Nor th  Ray c r a t e r  was formed ( 8 ) .  
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