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Rb-Sr d a t a  f o r  samples of t h e  black g l a s s  r i n d  of a n o r t h o s i t e  60015, a  
white c l  a s t  wi thin  t h i s  r i n d ,  and t h e  bulk of t h e  sample (gray pl agiocl  a s e )  
a r e  presented in  Table 1 .  The Rb/Sr r a t i o s  of t h e  white c l a s t  and gray 
p lag ioc lase  a r e  very low and allow us t o  s u b t r a c t  o f f  8 7 ~ r  generated by 
i n - s i t u  decay of 87Rb with  very l i t t l e  e r r o r  in  t h e  r e s u l t i n g  c a l c u l a t e d  
i n i t i a l  87Sr/86Sr  va lues .  Assuming an age o f  4.0 b.y.  , t h e  Rb-corrected 
i n i t i a l  87Sr/86Sr  r a t i o s  a r e  0.69880 2 0.00004 and 0.69886 + 0.00007 (2am) f o r  
t h e  whi te  c l a s t  and gray plagiocl  a s e ,  r e s p e c t i v e l y .  These r n i t i a l  87Sr/86Sr  
r a t i o s  agree well wi th in  e r r o r  and a r e  t h e  lowest y e t  repor ted f o r  any l u n a r  
sample and rank among t h e  most p r i m i t i v e  values y e t  found i n  our  s o l a r  system. 
The ( 8 7 ~ r / 8 6 S r ) i  r a t i o  o f  60015 i n d i c a t e s  me1 t i n g  occurred on t h e  moon very 
e a r l y  and i n d i r e c t l y  supports  an o l d  age of t h e  moon of about 4.65 b.y.  ( 1 ) .  
The (87Sr /86Sr )  value o f  60015 compares w i t h  h igher  values repor ted f o r  1  unar 
anor thosi  t e s  60625 [0.69906 + 0.00006 ( t h i s  r e p o r t ,  Table 1  ) and 0.69894 + 
0.0003 ( 2 ) ]  and 15415 [0.698q7 + 0.00004 ( 3 ) ]  and BABI [0.698976 + 0.000075 
(4 ) ] .  The d i f f e r e n c e s  between The most extreme of t h e s e  values a r e  d i s t i n c t  
and suggest  t h a t  t h e  moon formed d i s t i n c t l y  e a r l i e r  (a5 m.y. e a r l i e r ,  assuming 
a  s o l a r  primordial  8 7 ~ b / 8 6 ~ r  r a t i o  o f  ~ 1 . 9 )  than most of t h e  b a s a l t i c  achon- 
d r i t e s .  We emphasize t h a t  we here  r e p o r t  t h e  lowest  i n i t i a l  8 7 ~ r / 8 6 ~ r  of  t h e  
moon (LIM) y e t  measured (0.69885 + 0.00004) and t h a t  LIM should be used r a t h e r  
than BABI f o r  model ages of pr imi7ive  l u n a r  mater ia l  such as t h e  1  unar s o i l s .  

Previously  unreported U-Th-Pb d a t a  o f  Apollo 16 samples (Table 2 ,  Fig. 1  ) 
emphasize t h a t  t e r r e s t r i a l  contamination remains a  major problem when t r y i n g  
t o  determine i n i t i a l  Pb i s o t o p i c  compositions o f  lunar  samples. In p a r t i c -  
u l a r ,  our sample o f  a n o r t h o s i t e  60025 and the  <I00 mesh f r a c t i o n  of b recc ia  
60018 appear t o  be contaminated with ~ 9 9 %  and ~ 7 7 %  t e r r e s t r i a l  Pb, respec- 
t i v e l y .  This contamination occurred p r i o r  t o  our ana lyses ,  because Pb blanks 
were well below t h e  amount of Pb e x t r a c t e d  f o r  a n a l y s i s .  An ac id  leach exper- 
iment f o r  t h e  <I00 mesh f r a c t i o n  o f  60018 revealed t h a t  t h e  contaminant Pb was 
not  e a s i l y  l eachab le  and t h a t  t h e  contamination l i k e l y  occurred by t h e  addi-  
t i o n  of not  e a s i l y  d i s so lved  s o l i d s .  Analyses of a  "c lean"  NASA saw blade 
revealed 10 t o  11 ppm Pb in t h e  saw ' s  c u t t i n g  edge,  suggest ing t h a t  t h i s  was 
t h e  source of contamination.  All our  unsawed samples show apparent Pb contam- 
i n a t i o n  l e v e l s  o f  <2%. Apollo 16 samples which were not sawed and which 
c l e a r l y  d i s p l a y  m i n i m u m  t e r r e s t r i a l  contamination [e.g.  60095 w i t h  $15 ppm Pb 
and 60315 w i t h  a  206Pb/204Pb r a t i o  o f  >10,000 ( 5 ) ]  f a l l  wi thin  e r r o r  on one 
l i n e  from which we obta ined an age of a4 .0  b.y. and a  ( 2 0 6 ~ b / 2 0 7 P b ) i  of 0.684 
( 5 ) .  Because a n o r t h o s i t e  60015 f a l l s  s l i g h t l y  above t h i s  l i n e  i n  t h e  d i r e c -  
t i o n  of t e r r e s t r i a l  Pb contamination and because some sawed s u r f a c e  was 
p resen t  on t h a t  sample, up t o  3% of t h e  Pb we analyzed ( 5 )  in  t h a t  sample ma 
be o f  t e r r e s t r i a l  o r i g i n .  Thus t h e  model U-Pb age c a l c u l a t i o n s  we made (5  f 
f o r  60015 may be s l i g h t l y  l e s s  p r e c i s e  than o r i g i n a l  l y  thought.  In any c a s e ,  
we th ink  t h a t  those  model ages of $3.6 t o  3.8 b.y. cont inue t o  approximately 
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r e f l e c t  t h e  t ime of  Pb in t roduc t ion  i n t o  60015, and agree wi thin  e r r o r  w i t h  
t h e  39Ar-40Ar r e t e n t i o n  age f o r  t h i s  rock ( 0 .  A. S c h a e f f e r ,  o r a l  communica- 
t i o n ,  1974).  The Pb d a t a  f o r  60025 [ t h i s  r e p o r t  and ( 2 ) ]  a r e  not  s u f f i c i e n t l y  
p r e c i s e ,  owing t o  t e r r e s t r i a l  contamination problems, t o  cal  cul a t e  model 
a g e s - - r a t h e r ,  t h e s e  d a t a  emphasize t h a t  lunar  p l a g i o c l a s e  may con ta in  essen-  
t i a l l y  no Pb a t  a1 1 . In any c a s e ,  t h e  model U-Pb a e s  ca lcu l  a t e d  f o r  anor- 
t h o s i t e  60015 coupled w i t h  i t s  p r i m i t i v e  (87Sr/86Srgi r a t i o  i n d i c a t e  t h a t  t h i s  
anor thosi  t e  acquired Pb we1 1 a f t e r  i t s  o r i g i n a l  c r y s t a l  1 i z a t i o n  , and t h e  model 
U-Pb ages f o r  t h i s  rock l i k e l y  r e f l e c t  one o r  more metamorphic even t s  r a t h e r  
than d i f f e r e n t i a t i o n  r e l a t e d  t o  o r i g i n a l  mel t ing.  

S i m i l a r  t o  r u s t y  rock 66095 ( 6 ) ,  b recc ia  64435 con ta ins  excess Pb r e l a -  
t i v e  t o  U; only t h e  concen t ra t ions  of U ,  Th, and Pb i n  64435 a r e  ~ 3 5  t imes 
lower than those  i n  66095. 

A1 though t h e  g l a s s  r ind  o f  a n o r t h o s i t e  60015 conta ins  ~3 times as  much 
Pb a s  t h e  p l a g i o c l a s e  i n t e r i o r  (5), i t  a l s o  con ta ins  $400 times more U ,  
r e s u l t i n g  i n  a severe  n e t  l o s s  of Pb r e l a t i v e  t o  U .  This i n d i c a t e s  t h a t  t h e  
U-Pb systems of  t h e  g l a s s  and p lag ioc lase  were not  e q u i l i b r a t e d  during g l a s s  
formation and e x p l a i n s  why t h e  60015 g l a s s  p l o t s  we1 1 below a1 1 o t h e r  Apol l o  
16 samples. I f  t h e  i n i t i a l  2 0 6 P b / 2 0 7 ~ b  r a t i o  of t h i s  g l a s s  was 0.684 [ the  
(206Pb/207Pb) .  of 660951 o r  s l i g h t l y  h igher  (e .g .  t h e  same as  a n o r t h o s i t e  
60015), t h e  must have l o s t  cons iderab le  Pb r e l a t i v e  t o  U about 1 b.y.  
ago. The high U con ten t  of t h e  g l a s s ,  however, s t r o n g l y  suggests  t h a t  i t  
conta ins  a s i g n i f i c a n t  s o i l  component. A mixture of s o i l  and a n o r t h o s i t e  
would y i e l d  a h igher  (206Pb/207Pb)i  f o r  t h e  g l a s s ,  and a younger, more l i k e l y ,  
age ( < 1 . 3  b.y. ) of Pb l o s s  r e l a t i v e  t o  U .  
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Table 2 .  U-Th-Pk d l U  Of 1- W l l o  16 I-181 
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P I P .  1. Nude71  and l e t t e r r  c o r r e r p ~ d  t o  n u h e r e d  and l e t t e r e d  ana ly ie r  
~n Tab le  2 .  Data o f  60315 and 60015 l n t e r l o r  i s ) .  66095 ( 6 1 .  
~ n d  15415 ( 7 )  are p l o t t e d  f o r  ionparlron. Data cormcted f o r  
b l a n k s  MI". 
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