
THE EARLY CHRONOLOGY OF THE MOON AND ME!I'EORITTES. G. Turner, 
P.H. Cadogan and C. J. Yonge, University of Sheffield,  England. 

39 40~r A r  ages of samples from Apollo 16 and 17 have been determined 
and i n  the  se  of highland material continue t o  be dominated by material 
from which "Ar was out gassed 3.95 Gy ago. An up t o  date summary of our 
data w i l l  be presented a t  Houston. We have e a r l i e r  argued tha t  much of t h i s  
outgassing probably occurred when the  high d breccias, o r  t h e i r  precursors, 
were a t  some depth below the  lunar surfacetv. The lunar heat flow 4 Gy. ago 
coupled with t h e  blanketing effect  of a fragmented outer layer  would be 
suff ic ient  t o  maintain the  ambient temperature a t  depths below a few km a t  
a level  su f f i c i en t  t o  inhibi t  argon retention. On the  assumption tha t  t h e  
rocks examined a r e  basi  jecta and not debris from smaller, more recent 

P27 Archimedean age c ra te r s  , we, and others, have argued tha t  the  highland 
ages ind@ate t h e  times of formation of several of the  la rge  lunar impact 
basins; A r  retent ion i s  presumed t o  commence when the  present highland 
material was excavated from depth. 

Whether these major impacts represent the  f i n a l  stages of lunar 
accretion or  an episodic burst of bombardment i s  an open question. An 
episodic bombardment could have resul ted  from the  debris of a major 
col l i s ion  i n  the  as tero id  bel t  or  a l t e rna t ive ly  i f  the  moon captured 
4 Gy. ago by co l l i s ion  with a circumterrestr ial  debris swarmB7. The 
record pr ior  t o  4 Gy. appears t o  have been erased i n  most samples analysed 
and t h i s  has l ed  us t o  i n s t i t u t e  a sear  fo thermal e f fec t s  i n  meteorites 
i n  the  period 4.5 t o  4.0 Gy. using the  "Ar-'9Ar technique. Meteorites 
appear t o  have suffered l e s s  from outgassing events i n  t h i s  period and may 
therefore provide clues t o  the  ear ly  col l i s ional  h is tory  of the  so la r  
system and, by inference, of the  moon. 

We have selected a number of meteorites having t o t a l  fusion K-Ar ages 
around 4 Gy and high U ,  T h 4 e  ages ( i n  an attempt t void meteorites which 
may have been involved i n  t h e  recent "500 my" eventP4'. This method of 
select ion was not en t i r e ly  successful i n  tha t  we found several  of the  
published t o t a l  fusion ages t o  be inaccurate presumably due t o  the  use of 
nominal K contents. A number of chondrit es analysed showed minimal argon 
loss  and "plat eaul1 a .es i n  the  range 4.55 t o  4.60 Gy., com@rab3$ t o  published Rb-Sr mineral isochron ages. In a l l  cases the  ( ~ r /  ~ r )  re lease  
pat tern showed the  high temperature dip common i n  lunar samples. Until  
t h i s  decrease i s  f u l l y  understood t h e  plateau ages must be regarded as  
t en ta t ive  but t h e  lunar experience suggests that  they probably repre 4 P t  meaningful age and a r e  cer ta in ly  qui te  adequate f o r  a preliminary Ar -  
99Ar survey of meteorite ages. 

Two of the  samples analysed so f a r  show ra ther  c lear  evidence of out- 
gassing around 3.9 - 4. I Gy. ago, (Appley Bridge ( L L ~ )  and Mangwendi ( L L ~ )  ). 
These low ages may represent c o l l i s i o  1 r eat ing o r  a l t e rna t ive ly  may be a 38 due t o  cooling of the  parent body. ( A r /  A r )  r a t i o s  increase with 
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ex t rac t  ion temperature i nd ica t ing  t h e  r e t en t ion  of argon from an e a r l i e r  
period and t h i s  may be eas i e r  t o  understand i n  terms of c o l l i s i o n a l  re- 
heat  ing. 

The number of samples analysed so  f a r  i s  too  small t o  draw any major 
conclusions with regard t o  t h e  lunar  bombardment but it seems evident t h a t ,  
i f  we a r e  da t ing  c o l l i s i o n a l  reheat ing,  major co l l i s ions  occurred elsewhere 
than on t h e  sur face  of t h e  moon 3.9 Gy ago. 

In  addi t ion  t o  t h e  age determinations r e f  e r red  t o  above we have 
inves t iga ted  t h e  argon r e t en t ion  cha rac t e r i s t i c s  of gra in  s i z e  separa tes  
from i r r ad i a t ed  and uni r rad ia t  ed samples of lunar  anorthosi t  e ,  67075. 
Argon i s  re leased more e a s i l y  from t h e  uni r rad ia t  ed samples, khe r e l ea se  
pa t te rn  being s h i f t e d  by about 2 0 0 ' ~  t o  lower temperatur This cont r a s  t s 
with t h e  opposite e f f e c t  observed i n  o ther  lunar  samplest". These experi- 
ments i nd ica t e  t h a t  anor thos i te  i s  l e s s  en t ive  than e a r l i e r  assumed and 
reduces t h e  depths previously calculatedfet  f o r  which argon re ten t ion  i s  
i nh ib i t ed  by t h e  ambient t e  erature.  In t h e  course of t h i s  expcjfjiyfjnt we 
were ab le  t o  determine t h e  "Ar ha l f  l i v e  from a comparison of / ~ r )  
r a t i o s  i n  samples analysed 155 days apart .  The value obtained 1 35.3 2 0. 
days i s  i n  agreement with t h e  value cur ren t ly  i n  use (35.14 f 0.10) days 

We a a l s o  erforming experiments aimed a t  understanding t h e  system- 
a t i c s  of "Ar - 3'Ar r e l ea se  pat terns .  The r e s u l t s  of t hese  w i l l  be 
b r i e f l y  report ed at Houston. 
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