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New d a t a  f o r  Z r  and Hf abundances i n  Apollo 16 and 17 samples have been 
ob ta ined  by NAA. The new d a t a  support  our  suggest ion of a  homogeneous accre-  
t i o n  of t h e  moon, followed by a  two s t a g e  c r u s t a l  evo lu t ion  (1,2) . The new 
d a t a  a r e  presented i n  Table 1 along wi th  abundances of f i v e  o t h e r  elements 
determined s imul taneously .  

P r e c i s e  d a t a  f o r  Z r  and Hf i n  l u n a r  a n o r t h o s i t e  a r e r e p o r t e d  f o r  t h e  
f i r s t  t ime. The mean a n o r t h o s i t e  Zr/Hf mass r a t i o  of 30.5 is  t h e  lowest  w e  
have observed f o r  l u n a r  m a t e r i a l s  and f u r t h e r  confirms our  e a r l i e r  sugges t ion  
of a  Zr-Hf f r a c t i o n a t i o n  i n  t h e  formation of t h e  lunar  c r u s t .  Figure  1 
p r e s e n t s  a l l  t h e  Zr-Hf d a t a  obta ined i n  our l abora to ry  t o  d a t e .  The major i ty  
of t h e  rocks  and s o i l s  d e f i n e  a  t r end  extending from a n o r t h o s i t e  through t h e  
KREEP b a s a l t s .  The Apollo 11 and 12 b a s a l t s  and t h e  Apollo 17 s o i l s  which 
a r e  r i c h  i n  orange g l a s s  depar t  from t h i s  primary t rend  and c o n s t i t u t e  a  
secondary t rend  of p r e s e n t l y  i l l - d e f i n e d  s l o p e  wi th  a  Zr/Hf mass r a t i o  
centered around 33. Rocks produced from an e a r l y  s t a g e  mel t ing and t h e i r  
r e s u l t a n t  s o i l s  appear t o  l i e  a long t h e  primary t rend .  Rocks der ived from 
p a r t i a l  mel t ing of deep l y i n g  p r i m i t i v e  condensates and subsequently con- 
taminated by passage upward through a  pyroxene-rich l a y e r  c o n s t i t u t e  t h e  
secondary t rend  and, hence, suggest  a  two s t a g e  evo lu t ion  of t h e  l u n a r  c r u s t .  

Breccia  73215 c l e a r l y  con ta ins  two types  of gray matr ix  m a t e r i a l  point -  
i n g  t o  a  complex h i s t o r y .  While t h e  Zr/Hf r a t i o s  f o r  a l l  s p l i t s  of 73215 a r e  
s i m i l a r ,  subsample 73215,172 c l e a r l y  has  a  unique composition wi th  abundances 
of a l l  seven elements we determined being approximately 1/10 those  i n  t h e  
o t h e r  subsamples. It i s  suggested t h a t  73215,172 might be a  mixture of 
approximately 10% Apollo 17 b a s a l t  w i t h  a n o r t h o s i t e ,  b u t  f u r t h e r  ana lyses  a r e  
requ i red  f o r  conf i rmat ion.  However, our  suggest ion is  c o n s i s t e n t  wi th  t h e  
p re l iminary  examination of 73215,172 a s  given i n  t h e  Apollo 17  Sample 
Catalog.  It is  repor ted  t h a t  t h i s  m a t r i x  sample is  darker  than t y p i c a l  and 
con ta ins  abundant c r y s t a l s  of p l a g i o c l a s e  and o l i v i n e .  

S tud ies  of Zr/Hf r a t i o s  i n  t e r r e s t r i a l  m a t e r i a l s  a r e  a l s o  underway. 
Figure  2  i l l u s t r a t e s  new Z r  and Hf d a t a  f o r  t h e  g r a v i t a t i o n a l l y  d i f f e r e n t i a t -  
ed P a l i s a d e s  S i l l .  V a r i a t i o n  of t h e  Zr/Hf mass r a t i o  i s  w i t h i n  t h e  narrow 
l i m i t s  of 38 t o  42 and a  f u r t h e r  exper imental  c o r r e c t i o n  may a d d i t i o n a l l y  
reduce t h e  upper l i m i t .  The average f o r  t h e  c h i l l e d  margins i s  38.9. This 
s l i g h t  r a t i o  v a r i a t i o n  c o n t r a s t s  wi th  a  g r e a t e r  than 4  v a r i a t i o n  i n  t h e  
i n d i v i d u a l  abundances. Other s t u d i e s  (3) on t h e  L i t t l e t o n  metamorphic 
p e l i t i c  rock s e r i e s  i n  New Hampshire i n d i c a t e  a  v i r t u a l l y  i n v a r i e n t  Zr/Hf 
mean mass r a t i o  of 47.350.8, whi le  i n d i v i d u a l  abundances vary by a  f a c t o r  of 
2 .  We f e e l  t h e s e  new d a t a  support  our sugges t ion  t h a t  zr3+ may play a  p a r t  
i n  t h e  Zr-Hf f r a c t i o n a t i o n  of h igh ly  reduced lunar  magmas. The 100 t o  1 
atomic abundance d i f f e r e n c e  between Z r  and Hf and t h e  smal l  t e r r e s t r i a l  Zr/Hf 
r a t i o  v a r i a t i o n s  suggest  t h a t  so l idus - l iqu idus  p a r t i t i o n s  invoked by Laul,  
e t  a l .  (4) t o  e x p l a i n  t h e  f r a c t i o n a t i o n  of c e r t a i n  REE p a i r s  may n o t  be -- 
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s u f f i c i e n t  t o  e x p l a i n  t h e  observed  l u n a r  Zr-Hf f r a c t i o n a t i o n .  
Tab le  2 p r e s e n t s  new major  and minor abundance d a t a  f o r  s e v e r a l  samples  

whose a n a l y s e s  were completed subsequen t  t o  s u b m i t t a l  of  o u r  F i f t h  Lunar 
Sc ience  Conference p a p e r .  
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Table 1. New trace element and iron determinations in  lunar rocks and f ines .  

Sample Description Zr Hf Zr/Hf Fe Co Sc Cr Eu 
(ppm) (pen) (weight) (XI (ppm) (ppm) ( P P ~ )  (pen) 

anorthosite 

f ines 

gray matrix 
gray matrix 
black matrix 
black matrix 
black matrix 
gray matrix 
gray matrix 
f ines  

f ines  

Table 2. New major and minor abundance data for lunar samples. 

Element 12001,47 12070,69 14003,13* 14259,65* 15465,16 73215,176 77035,53 
f i n e s  f i n e s  f i n e s  f ines  breccia gray green-gray 

brecc ia  breccia 
matrix 

* Data f o r  some elements have been reported e a r l i e r  by our group. 
- -- - -- - - - 
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F i g u r e  1. Z r  and H f  i n  
l u n a r  samples.  Note:  
l o g  s c a l e  used compres- 
s e s  t h e  pr imary  t r e n d  
from a n o r t h o s i t e  through 
t h e  KREEP b a s a l t s .  
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F i g u r e  2. Z r  and H f  i n  
t h e  P a l i s a d e s  S i l l .  
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E a r l i e r  Z r  d a t a  from 
Walker (5) a r e a l s o  
p l o t t e d .  


