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Apol l o  17 mare basa l  t s  75055, 75035, and 74275 have U, Th, and Pb con- 
t e n t s  (Table 1  ) 1  i ke those o f  Apol l o  11 low-K basa l  t s .  H igh land gabbro 7701 7  
has somewhat h i g h e r  U, Th, and Pb concen t ra t i ons  s i m i l a r  t o  h i g h l a n d  b a s a l t  
6841 5. 

Mare b a s a l t s  75055 and 75035 p l o t  w i t h i n  e r r o r  o f  conco rd ia  a t  4.49 and 
4.50 b.y.,  r e s p e c t i v e l y  ( F i g .  I ) ,  ex t reme ly  c l o s e  t o  where A p o l l o  16 h i g h l a n d  
b a s a l t  6841 5  p l o t t e d  (4.47 b  .y. ) (1 ) . High1 and anor thos i  t i  c  abbro 7701 7  
p l o t s  s l i g h t l y  below b u t  w i t h i n  e r r o r  o f  conco rd ia  and has a  q07Pb/206Pb age 
o f  4.45 b.y.  The c l u s t e r i n g  o f  these data  i n  t h e  4.45- t o  4.50-bey.  r e g i o n  
o f  concord ia  i s  perhaps more than  co inc idence and may w e l l  r e f l e c t  a  ma jo r  
p e r i o d  o f  1  unar  d i f f e r e n t i a t i o n  a t  t h a t  t ime .  The ~ 4 . 5 - b . y .  - o l d  r e f r a c t o r y  
phase, i n f e r r e d  f rom Pb da ta  v o l a t i l i z e d  a t  1350°C, i n  A p o l l o  12 and 14 s o i l s  
( 2 )  may w e l l  be r e f l e c t i n g  t h i s  same event .  Al though t h e  A p o l l o  17 mare 
basal  t s  c r y s t a l l i z e d  b3.8 b.y.  ago as evidenced by  Rb-Sr i n t e r n a l  i sochrons 
(3,  4 )  and 39Ar-40Ar  gas r e t e n t i o n  ages (5,  6, 7 ) ,  we b e l i e v e  t h a t  t h e  whole- 
rock  U-Th-Pb systems were l i t t l e  a f f e c t e d  and con t inued  t o  r e f l e c t  e a r l y  d i f -  
f e r e n t i a t i o n  o f  t h e  source rocks .  A ve ry  o l d  ($4.42 b .y . )  whole-rock Rb-Sr 
i soch ron  age o f  A p o l l o  16 KREEP rocks  ( 8 )  was r e c e n t l y  emphasized as 1  i k e l y  
r e f l e c t i n g  e a r l y  l u n a r  d i f f e r e n t i a t i o n .  The s p a r s e l y  c i t e d  whole-rock Rb-Sr 
i soch ron  ages o f  A p o l l o  11 mare b a s a l t s  (4.42 + 0.12 b.y. )  ( 9 ) ,  and A p o l l o  11, 
12, and 15 mare b a s a l t s  (4.56 2 0.34 b .y . )  ( 1 0 7  now take  on new s i g n i f i c a n c e .  
We b e l i e v e  that U-Th-Pb and Rb-Sr whole-rock da ta  o f  a l l  t ypes o f  igneous 
l u n a r  rocks  (KREEP, h i g h l a n d  gabbros and basa l  t s ,  and mare basal  t s )  r e f l e c t  
a t  l e a s t  one p r e - " I m b r i a n "  ( i  .e.,  pre-b4.0 b.y. ) event - - the  o l d e s t  be ing  4.4 
t o  4.5 b .y .  o l d .  A p o l l o  17 mare b a s a l t  sample 74275 w i t h  a  207Pb/206Pb age 
o f  ~ 4 . 2 4  b.y.  may o r  may n o t  r e f l e c t  a  d i s t i n c t  event  a t  about  t h i s  t ime  as 
suggested b y  whole-rock Rb-Sr da ta  ( 8 ) .  

B recc ia  78155 and "gabbro" 79155 b o t h  c o n t a i n  excess Pb r e l a t i v e  t o  U 
and may have s u f f e r e d  complex h i s t o r i e s .  I n  any case, t h e  excess Pb i n  
"gabbro" 79155 and the  s l i g h t l y  h i g h e r  U and Th con ten ts  as compared t o  
A p o l l o  17 mare b a s a l t s  (Tab le  1 )  suggest  t o  us t h a t  t h i s  rock  i n c o r p o r a t e d  a  
s i g n i f i c a n t  p o r t i o n  o f  reg01 i t h  d u r i n g  c r y s t a l  1  i z a t i o n .  

Except f o r  s o i l  72701 , a1 1  Apol l o  17 s o i  1s analyzed by us c o n t a i n  excess 
Pb r e l a t i v e  t o  U. The s c a t t e r  i n  these analyses i s  o u t s i d e  o f  a n a l y t i c a l  
e r r o r  and may we1 1  r e f l e c t  m i x i n g  o f  t h r e e  o r  more d i f f e r e n t  components ( F i g .  
2 )  

O f  p a r t i c u l a r  i n t e r e s t  i s  orange s o i l  sample 74220, which c o n s i s t s  most ly  
o f  g lass  spheru les .  U and Th contents  o f  t h e  s o i l  (about  0.16 and 0.56 ppm, 
r e s p e c t i v e l y )  a r e  q u i t e  s i m i l a r  t o  those o f  A p o l l o  17 mare b a s a l t s  (Table 1 ) .  
The Pb i s o t o p i c  compos i t ion  o f  t h e  orange s o i l  i s  remarkably non- rad iogen ic  
r e l a t i v e  t o  a l l  o t h e r  l u n a r  l eads  so f a r  analyzed ( 4 ) .  We have analyzed water  
and a c i d  leaches,  t h e  r e s u l t i n g  r e s i d u e  ( 4 ) ,  and va r ious  s i z e  f r a c t i o n s  o f  t he  
orange s o i l  f o r  U,  Th, and Pb. Pb i n  t h i s  s o i l  was n o t  e a s i l y  l eachab le  w i t h  
water ,  i n d i c a t i n g  t h a t  t he  Pb i s  n o t  a  s u r f a c e  c o a t i n g  o f  an e a s i l y  s o l u b l e  
compound such as PbC12 o r  PbBr2 on t h e  g lass  spheru les .  However, t h e  Pb was 
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e a s i l y  leached w i t h  d i l u t e  a c i d s  and t h e  Pb i s o t o p i c  compositions i n  t h e  H20, 
1.5N HC1 and concentra ted HN03 leaches  a r e  very s i m i l a r  (F ig .  3 ) ,  sugges t ing  
a r a t h e r  homogeneous, re1 a t i  vely  non-radiogeni c l ead  was incorporated i n  t h e  
g l a s s  s p h e r u l e s .  The res idua l  lead from t h e  leach experiment i s  f a r  more 
radiogenic  than t h e  leach l eads  bu t  n o t  q u i t e  as radiogenic  as  Apol l o  17 
basal t 1 eads . 

Data o f  s i z e  f r a c t i o n s  o f  orange s o i l  74220 a r e  a l s o  p l o t t e d  i n  Figure 3 
( 2 0 6 ~ b / 2 0 4 P b  vs . 207Pb/204Pb).  The f i n e s t  f r a c t i o n  (acetone f l  o a t )  con ta ins  
8 .6  ppm Pb and t h e  l e a s t  r ad iogen ic  l ead  ( 2 0 6 ~ b / 2 0 4 ~ b  = 20.53; 2 0 7 ~ b / 2 0 6 ~ b  = 
23.93; 2 0 8 P b / 2 0 6 ~ b  = 38.62) ,  whereas t h e  >I50 pm f r a c t i o n  o f  l a s s  spheru les  ? con ta ins  only  0 .54 ppm Pb and t h e  l e a d  i s  more radiogenic  ( 2 0  PbI2O4Pb = 
38.43; 207Pb/204Pb = 29.25; and 2 0 8 ~ b / 2 0 6 P b  = 55.06) .  Pb concen t ra t ions  and 
i s o t o p i c  compositions i n  t h e  o t h e r  f r a c t i  ons progress i  vely change between 
t h e s e  two end members, bu t  t h e  U and Th concen t ra t ions  i n  a l l  f r a c t i o n s  a r e  
s i m i l a r .  These r e s u l t s  i n d i c a t e  t h a t  one kind of l ead  (and o t h e r  v o l a t i l e s ? )  
was incorporated i n t o  t h e  spheru les  a f t e r  t h e i r  formation.  The excess l ead  
should have evolved in  a (238U/204Pb, normalized t o  t o d a y ' s  va lue)  o f  about 
35 (assuming a two-s tage,  U-Pb evo lu t ion  h i s t o r y  s t a r t i n g  a t  ~ 4 . 6 5  b.y.  a g o ) ,  
which i s  s i g n i f i c a n t l y  lower than p ' s  f o r  t h e  source  of l u n a r  b a s a l t s  (p = 
150-300) and KREEP-type rocks (600-1 ,000).  Thus t h e  excess Pb o f  t h e  orange 
s o i l  evolved i n  a U-poor environment compared t o  o t h e r  1 unar rock l e a d s ,  
a1 though t h e  o r i g i n  o f  t h e  Pb (1 unar o r  e x t r a l u n a r )  i s  a s  debatable  as  t h e  
o r i g i n  of t h e  g l a s s  spheru les  ( 4 ,  11 , 1 2 ,  1 3 ) .  The t rend  1 i n e  def ined by t h e  
s i z e  f r a c t i o n s  i s  s l i g h t l y  lower than t h e  leach t rend  l i n e ,  but  t h e  two l i n e s  
a r e  p a r a l l e l  wi thin  e r r o r .  The reason f o r  t h e  r e l a t i v e  displacement of t h e s e  
l i n e s  i s  no t  c l e a r  a t  p r e s e n t ,  but  i t  might be due t o  contamination during t h e  
s i z e  f r a c t i o n  s e p a r a t i o n s .  So i l  74240 from the  same s t a t i o n  con ta ins  r e l a -  
t i v e l y  l e ss - rad iogen ic  lead compared t o  o t h e r  l u n a r  rocks ,  but  t h e  l ead  is  
more radiogenic  than t h a t  o f  orange s o i l  , i n d i c a t i n g  t h a t  t h e  s o i l  74240 con- 
t a i n s  some orange s o i l  component. 
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Fig. 3 .  Led:hti. r e r i d u e ,  and r l2e  fraction da ta  of orange roll 74220 
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