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We r e p o r t  on t h e  4 0 ~ r - 3 9 ~ r  ages f o r  lunar  a n o r t h o s i t e s  60015 and 60025 
a s  we l l  a s  two a n o r t h o s i t i c  coa rse  f i n e  fragments 72503,8,12 and 78503,7,1. 
Argon r e l e a s e  p a t t e r n s  a r e  shown i n  F ig .1 .  

Rock 60015 weighs 5.57kg. According t o  S c l a r  e t  a l . ( l )  i t  i s  a  c o a r s e l y  
c r y s t a l l i n e  c a t a c l a s t i c  a n o r t h o s i t e  c o n s i s t i n g  of h igh ly  s t r a i n e d  p l a g i o c l a s e .  
The p l a g i o c l a s e  con ta ins  myriads of bubble- l ike  i n c l u s i o n s  which appear t o  be 
g l a s s .  The rock was apparen t ly  s e v e r e l y  shocked, r a i s e d  almost  t o  t h e  mel t ing  
p o i n t  and i s  coated w i t h  a  dark  gray v e s i c u l a r  g l a s s .  This rock g ives  a  w e l l  
def ined 4 O ~ r - 3 9 ~ r  p l a t e a u  age of 3.55+.05 - Gy and i s  t h e  youngest a n o r t h o s i t e  
t o  be  found on t h e  moon s o  f a r .  

Rock 60025, 1 .8  kg i s  a  c a t a c l a s t i c  a n o r t h o s i t e .  It shows we l l  developed 
shock lamel lae  and l i n e a r  cha ins  of low-relief  i s o t r o p i c  i n c l u s i o n s  (along t h e  
shock lamel lae)  t h a t  may r e p r e s e n t  i n c i p i e n t  me l t ing  ( 2 ) .  This rock i s  s i m i l a r  
t o  t h e  coarse  f i n e  a n o r t h o s i t i c  fragments which g ive  ages i n  excess of 4.2Gp 
( 3 ) .  Rock 60025 g i v e s  a  p l a t e a u  a t  h igh  temperatures w i t h  an age of 4.18+ 
+.06 Gy. This  i s  t h e  f i r s t  i n s t a n c e  of a  l a r g e  rock g iv ing  a n  age d i s t i n c t l y  - 
i n  excess of 4 .0  Gy. 

Rock 72503,8,12 i s  a  gray green r e c r y s t a l l i z e d  b r e c c i a  wi th  p o i k i l o b l a -  
s t i c  t e x t u r e  ( 4 ) .  This rock shows a  w e l l  def ined p l a t e a u  age of 3.96+.02 -- Gy 
with  some drop o f f  a t  t h e  h i g h e s t  temperatures .  

Rock 78503,7,1 i s  a  gabbroic  a n o r t h o s i t e  which shows shock f e a t u r e s  ( 4 ) .  
This rock g ives  a  w e l l  de f ined  h igh  temperature p l a t e a u  age of 4.13+.03 Gy 
and i s  one of the  f i r s t  o ld  rocks  t o  be  repor ted  f o r  t h e  Apollo 17-site. 

Impact genera ted b r e c c i a  and c a t a c l a s t i c  rocks  such a s  those  dated h e r e  
were re tu rned  by each of t h e  Apol lo-miss ions .  I n  f a c t ,  t h e  Apollo 14 and 16 
samples a r e  predominantly t h i s  rock type.  As t h e s e  m a t e r i a l s  form a  morpholo- 
g i c a l  u n i t  which appears  t o  be widespread and contemporaneous, i t  appears  t h a t  
except f o r  t h e  very  f r i a b l e  s o i l  b r e c c i a s ,  t h e  impact genera ted rocks  a r e  f o r  
the  most p a r t  r e l a t e d  t o  the  major mul t i - r ing  impact b a s i n s  (5) .  On t h e  near  
s i d e  of the  moon t h e r e  a r e  t e n  such s t r u c t u r e s  c l e a r l y  v i s i b l e .  S t a r t i n g  w i t h  
t h e  youngest ,  t h e s e  a r e  O r i e n t a l e ,  Imbrium, Crisium, Humorum, N e c t a r i s ,  Sere- 
n i t a t i s ,  F e c u n d i t a t i s ,  T r a n q u i l l i t a t i s  E ,  T r a n q u i l l i t a t i s  W and Nubium. Each 
of t h e  bas ins  has  an  ex tens ive  e j e c t a  b lanke t .  The moon thus should be  cover- 
ed by a  s e r i e s  of l a y e r s  of e j e c t a .  By obse rva t ions  from t e r r e s t r i a l  c r a t e r -  
ing  and lunar  e j e c t a  i t  was p o s s i b l e  t o  e s t ima te  t h e  th ickness  of t h e  e j e c t a  
l a y e r s  a t  any p a r t i c u l a r  s i t e  (6 ) .  The s t r i k i n g  r e s u l t  i s  t h a t  a l l  t h e  Apollo 
landing s i t e s  Imbrium e j e c t a  predominates i n  the  upper 100 mete r s .  On t h e  
o t h e r  hand, i f  one cons ide r s  t h e  rad iomet r i c  ages f o r  t h e  impact genera ted 
b r e c c i a s  a t  a l l  t h e  Apollo s i t e s ,  t h e  age 4.00+.05 Gy predominates.  It ap- 
pears  then reasonab le  t o  a s s i g n  t h i s  age t o  t h e  Imbrium event  which means i n  
a d d i t i o n  t h a t  t h e  rocks  i n  the  Imbrium e j e c t a  b lanke t  were r e s e t  e i t h e r  by t h e  
impact or  i n  t h e  e j e c t a  b lanke t  i t s e l f .  The e j e c t a  may have been h o t  enough t o  
r e s e t  the  rad iomet r i c  c locks .  I n  f a c t ,  Strangway e t  a1.  (7) exp la in  t h e  magne- 
t i c  anomalies a t  Apollo 16 by b r e c c i a  flows which cooled i n  p l a c e  from above 
7700C, a  temperature adequate t o  r e s e t  t h e  rad iomet r i c  c locks .  
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The K-Ar c lock  i s  r e s e t  by t h e  d i f f u s i o n  of argon. It has been es t imated 
t h a t  a  temperature  of 4000-7000C may be  adequate t o  degas a  rock of argon i n  

4  a  g e o l o g i c a l l y  s h o r t  t ime.  Approximately one year  a t  700°C and 10 y e a r s  a t  
400°C (8). The Rb-Sr ages  f o r  t h e  h ighland rocks  i s  de f ined  by t h e  a n a l y s i s  
of a  rubidium r i c h  f i n e l y  c r y s t a l l i n e  mesos tas i s  o f t e n  c a l l e d  qu in tessence .  
The r e s e t t i n g  of t h e  Rb-Sr c lock  by t h e  homogenization of such a  minera l  as-  
semblage i s  q u i t e  l i k e l y  f o r  t h e  p r e s s u r e s  and temperatures  accompanying t h e  
format ion of an  e j e c t a  l a y e r .  

The morphology of t h e  l a r g e  r i n g  b a s i n s  i n d i c a t e s  a  temporal sequence of 
some e x t e n t .  Among o t h e r  obse rva t ions  t h e  r i n g s  of t h e  o l d e r  bas ins  a r e  consi -  
de rab ly  more eroded than  t h e  r i n g s  of t h e  younger b a s i n s  ( 9 ) .  The e j e c t a  from 
o l d e r  b a s i n s  a r e  most l i k e l y  found a t  t h e  landing s i t e s  where t h e  Imbrium e- 
j e c t a  i s  expected t o  b e  t h e  t h i n n e s t ,  t h a t  i s  t h e  s i t e s  f a r t h e r e s t  removed 
from Imbrium. These a r e  t h e  Apollo 1 1 ,  16 and 17 landing s i t e s .  The Apollo 1 1  
s i t e  i s  f looded w i t h  Mare b a s a l t  which covers  a l l  t h e  b a s i n  e j e c t a .  A t  t h e  
Apollo 16 s i t e  t h e  upper 200 meters  of t h e  s u r f a c e  i s  expected t o  c o n t a i n  a  
s u b s t a n t i a l  c o n t r i b u t i o n  of Nec ta r i s  e j e c t a  wi th  smal le r  amounts of Crisium 
and Humorum e j e c t a .  Rock 60025 r e p o r t e d  h e r e  a s  we l l  a s  f o u r  rocks  repor ted  
e a r l i e r  have ages d i s t i n c t l y  o l d e r  than 4 .0  Gy. The o l d e s t  of t h e s e  have ra -  
d iomet r i c  ages near  4.20+.05 Gy which may b e  t h e  time of t h e  Nec ta r i s  even t .  
The time of t h e  Crisium and Humorum even t s  should then l i e  between 4 .0  and 
4.2 Gy ago. As t h e  Apollo 17 l and ing  s i t e  i s  c l o s e r  t o  t h e  Crisium b a s i n  than 
e i t h e r  t h e  N e c t a r i s  o r  Humorum it i s  p o s s i b l e  t h a t  78503,7,1 i s  a  sample af  
Crisium e j e c t a .  The Crisium event  would then be  4.13+.03 Gy ago. Rock 66043,2, 
4 ,  a  f e l d s p a t h i c  i n t e r s t i t i a l  igneous rock,wi th  an age of 4.13+.0569 - (3) may 
a l s o  be  a  sample of Crisium e j e c t a .  

From c r a t e r  counts  and from t h e  obse rva t ion  t h a t  O r i e n t a l e  e j e c t a  does 
not  appear on t h e  s u r f a c e  of t h e  Mare b a s a l t s ,  t h e  O r i e n t a l e  event  should be 
o l d e r  than t h e  s u r f a c e  mare f lows.  The o l d e s t  mare b a s a l t s  dated rad iomet r i -  
c a l l y  l i e  between 3.7 and 3 .8  Gy ( b a s a l t s  a t  Apollo 1 1  and 17 s i t e s ) .  On t h e  
o t h e r  hand,Orienta le  i s  younger than Imbrium. The O r i e n t a l e  event should thus  
l i e  between 3 .8  and 4 .0  Gy ago. There a r e  s e v e r a l  samples from Apollo 14 and 
16 s i t e s  which have rad iomet r i c  ages of 3.85+.05 Gy (3 ) (10) .  These rocks  may 
r e p r e s e n t  O r i e n t a l e  e j e c t a .  These consideratTons lead t o  t h e  fo l lowing ages 
f o r  t h e  mul t i - r ing  b a s i n  even t s :  

O r i e n t a l e  3.85+.05 
Imbr ium 4.00T.05 
Crisium 4.13T.05 
Humorum between 4.13 and 4.20 
N e c t a r i s  4.20+.05 

A g iven rock i s  n o t  n e c e s s a r i l y  a  sample from t h e  e j e c t a  of a  mul t i - r ing 
c r a t e r  even t .  There a r e  numerous in te rmedia te  s i z e  c r a t e r s  which c o n t r i b u t e  
a  small  b u t  no t  n e c e s s a r i l y  n e g l i g i b l e  amount of m a t e r i a l  t o  t h e  lunar  s u r f a c e .  
The rock 60015 r e p o r t e d  he re  wi th  an  age of 3.55+.05 Gy i s  probably e j e c t a  
from an in te rmedia te  s i z e  c r a t e r .  It i s  i n t e r e s t T n g  t o  no te  t h a t  t h i s  rock re -  
l e a s e s  more than h a l f  i t s  argon above 1600°C. It would appear t h a t  t h i s  rock 
was s e v e r e l y  heated s o  t h a t  i t  l o s t  no t  only  a l l  i t s  argon b u t  a l s o  most of 
t h e  potassium from t h e  l e a s t  r e t e n t i v e  minera l  s i t e s .  
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It is concluded that the multi-ring lunar basins were spread over hun- 
dreds of millions of years and not a group in a relatively short time near 
4.0 Gy ago. The widespread occurrence of the 4.0 Gy age in lunar rocks from 
the different Apollo sites is thus due to the widespread occurrence of sub- 
stantial Imbrium ejecta which lies on top and is the most likely to be sampl- 
ed. It would appear then that after the lunar crust formed there was an era 
of multi-ring basin formation lasting until about 3.9 Gy ago. This era was 
followed by an era of basalt flooding of the basins and low lying areas on 
the lunar surface which lasted until about 3.1 Gy age. At this time all major 
activity ceased. 
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