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I n  con t inua t ion  of our  s t u d i e s  o f  Z r  and Hf abundances i n  l u n a r  mate- 
r i a l s  we have d i r e c t e d  our  a t t e n t i o n  t o  t h e i r  modest f r a c t i o n a t i o n  among 
var ious  l u n a r  rock types .  Our 17  new ana lyses  a r e  l i s t e d  i n  Table 1. These 
analyses  a long w i t h  o u r  o t h e r  publ ished d a t a  (1) a r e  p l o t t e d  a s  Figure  1. 

The f o u r  major rock types  which inc lude  mare b a s a l t ,  KREEP b a s a l t ,  very 
high aluminum b a s a l t ,  and a n o r t h o s i t e  (2) can be r e a d i l y  d i s t i n g u i s h e d  based 
on Z r  and Hf abundances and Zr/Hf r a t i o s .  Mare b a s a l t s  have moderate Zr-Hf 
con ten t s  grouped according t o  miss ions  from an  average of 111 ppm f o r  Apollo 
15 up t o  534 ppm f o r  Apollo 11, and low Zr/Hf r a t i o s  ranging from 38.8 f o r  
Apollo 15 down t o  33.9 f o r  Apollo 11. KREEP b a s a l t s  a r e  c h a r a c t e r i z e d  by 
very high Z r  c o n t e n t s  (Zr mean=1380 ppm) and high Zr/Hf r a t i o s  (mean=48.2). 
Very high aluminum (VHA) b a s a l t s  have an average Z r  con ten t  of 296 ppm which 
i s  much lower than  t h a t  f o r  t h e  KREEP b a s a l t s ,  bu t  t h e i r  mean Zr/Hf r a t i o  of 
46.8 i s  very s i m i l a r  t o  t h a t  of KREEP b a s a l t s .  Hence, our  Zr-Hf d a t a  do no t  
r e v e a l  whether t h e  VHA m a t e r i a l s  r epresen t  an  independent magma type (2 ,3 ) ,  
o r  a r e  r e l a t e d  t o  KREEP b a s a l t s  (4).  Anorthosi tes  have very low Z r  and Hf 
con ten t s .  Owing t o  t h e  d i f f i c u l t y  of measuring t h e  Z r  con ten t  a t  t h i s  low 
l e v e l ,  we cannot r e p o r t  a r e l i a b l e  Zr/Hf r a t i o  a t  t h e  p r e s e n t  time. However, 
i f  Apollo 16 s o i l s  a r e  de r ived  from a n o r t h o s i t e ,  VHA b a s a l t s ,  and KREEP 
b a s a l t s ,  t h e  Zr/Hf r a t i o  i n  t y p i c a l  a n o r t h o s i t e s  must be  lower than 45.5 
which i s  t h e  average r a t i o  f o r  Apollo 16 s o i l s .  It is  worth no t ing  t h a t  
Apollo 1 4  rock 14053 w i t h  Al203, FeO and MgO con ten t s  in te rmedia te  between 
those  of t y p i c a l  mare b a s a l t s  and those  of VHA b a s a l t s  (5) has  a Zr/Hf r a t i o  
a l s o  in te rmedia te  between t h e  r a t i o s  f o r  these  two rock types .  The orange 
s o i l  from t h e  Apollo 17  miss ion h a s  a very low Zr/Hf r a t i o  (32.6) which i s  
lower than f o r  any l u n a r  rock types  discovered.  This i n d i c a t e s  t h a t  t h e  
orange s o i l  cannot b e  produced by simple mechanical mixing of any i d e n t i f i e d  
rock types f o r  which d a t a  a r e  p r e s e n t l y  a v a i l a b l e .  We have p rev ious ly  sug- 
ges ted t h a t  t h e s e  modest Zr-Hf f r a c t i o n a t i o n s  may be due t o  a Zr-Hf charge 
d i s p a r i t y  under extremely reducing cond i t ions ,  where Z r  e x i s t s  a s  3+ whi le  
Hf remains a s  4+ (1 ) .  

Because of t h e  geochemical coherence of Z r  and Hf, t h e i r  improbab i l i ty  
of forming v o l a t i l e  complexes i n  t h e  l u n a r  environment, and t h e i r  very  low 
abundances i n  bo th  c h o n d r i t i c  and i r o n  meteor i t e s ,  t h e  Zr/Hf r a t i o s  i n  lunar  
rocks should be  r e p r e s e n t a t i v e  of t h e i r  o r i g i n a l  magmas, and r e l a t i v e l y  in- 
dependent of coo l ing  r a t e s ,  r e l e a s e  of v o l a t i l e s ,  and s u r f a c e  p rocesses .  
Although t h e  Z r  c o n t e n t s  i n  i l m e n i t e  and ulvijspinel  a r e  a f u n c t i o n  of tem- 
p e r a t u r e  and may change due t o  subso l idus  r e d i s t r i b u t i o n  i f  t h e  magma has 
been cooled slowly enough (6 ) ,  t h e  Zr/Hf r a t i o s  a s  e s t a b l i s h e d  by bulk  
chemical analyses  should always represen t  t h e  o r i g i n a l  r a t i o s  a t  t h e  time t h e  
rock was f i r s t  s o l i d i f i e d .  
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Table 1. Additional Z r  and Hf abundances i n  lunar  mater ia l s .  

S amp l e  Descr ipt ion 
Hf Zr/Hf 

(PPd (weight) 

Mare b a s a l t  

Mare b a s a l t  

Mare b a s a l t  

Mare b a s a l t  

Mare b a s a l t  

Mare b a s a l t  

Anorthosite 

Anorthosite 

VHA b a s a l t  ? 

VHA b a s a l t  

<1 mm f i n e s  

<1 mm f i n e s  

<1 rnm f i n e s  

Metaclast ic  rock 
with high KREEP 
Unsieved f i n e s  

Blue gray brecc ia  

Orange s o i l  

* Separated white inc lus ions .  ** Basa l t i c  c l a s t .  [ ]= mean value 

Note: Other data  discussed i n  t he  t e x t  have been published previously (1).  
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Fig. 1. Zr and Hf abundances and weight ratios in lunar materials. 
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