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I n  a  program t o  i d e n t i f y  f e a t u r e s  and e v a l u a t e  t h e  
r e l a t i v e  impor tance  of m i c r o s c a l e  e r o s i o n  on t h e  l u n a r  s u r f a c e ,  
w e  have e x p e r i m e n t a l l y  i n v e s t i g a t e d  h y p e r v e l o c i t y  i n p a c t ,  
t he rma l  c y c l i n g  and s o l a r  wind i o n  s p u t t e r i n g .  R e s u l t s  of  
t h e  h y p e r v e l o c i t y  impact  and t h e r m a l  e r o s i o n  expe r imen t s  have 
been r e p o r t e d  e l s ewhere  ( r e f .  1 and 2 ) .  Impact c r a t e r s  a r e  n o t  
s u b s t a n t i a l l y  d i f f e r e n t  from t h o s e  on t e r r e s t r i a l  m a t e r i a l s  and 
i n  subsequen t  t h e r m a l  c y c l i n g  expe r imen t s  no f u r t h e r  d e g r a d a t i o n  
was observed .  W e  now r e p o r t  on ex tended  measurements of t h e  
s p u t t e r  exper iments :  

The s o u r c e  comprised an R . F .  e x c i t e d  plasma b o t t l e  u s i n g  
a n a l y t i c a l  g r a d e  H e l i u m  a t a n  e x t r a c t i o n  energy  of  2.5 KV, 
commensurate w i t h  a  s o l a r  wind v e l o c i t y  of 400 K m / s .  The 
i n t e g r a t e d  beam c u r r e n t  was 80uA and t h e  maximum c u r r e n t  d e n s i t y  
240yA/sq. cm. Measurements were performed on p o l i s h e d  s e c t i o n s  
of sample 14321.148 and on q u a r t z  r e f e r e n c e  s u r f a c e s  on which 
h y p e r v o l o c i t y  impact  c r a t e r s  had been formed. S u r f a c e  charge  
n e u t r a l i s a t i o n  was ach ieved  by a  ' f l o o d '  of  low energy  e l e c t r o n s  
Both t h e  e f f e c t i v e  s p u t t e r  r a t e  ( i . e .  t h e  e r o s i o n  r e q u i r e d  t o  
e r a s e  a  f e a t u r e  of c e r t a i n  d e p t h )  and t h e  a b s o l u t e  s p u t t e r  r a t e  
w e r e  measured.  From t h e  l a t t e r  measurement, t h e  i o n  s p u t t e r  
y i e l d  can be deduced,  A d e p t h  of  2 0 ~  was e roded  i n  t o t a l .  

F e a t u r e s  observed  on impact  c r a t e r s  under  s i m u l a t e d  s o l a r  
wind e r o s i o n  a r e  

1) a  p r e f e r e n t i a l  l o s s  of  m a t e r i a l  from t h e  r i m  of t h e  
pr imary h y p e r v e l o c i t y  c r a t e r .  

2 )  p r e f e r e n t i a l  e t c h i n g  of  spa11  zone f a u l t s  

3 )  an i n c r e a s e  of t h e  c r a t e r  dimension p r i o r  t o  e r a s u r e l a n d  

4 )  t h a t  an a b s o l u t e  e r o s i o n  of  g r e a t e r  t h a n  t h e  c r a t e r  
d e p t h  i s  r e q u i r e d  f o r  e r a s u r e .  P r e f e r e n t i a l  e t c h i n g  of  t h e  
c r y s t a l l i n e  hounda r i e s  of t h e  p o l i s h e d  s e c t i o n  i s  a l s o  v e r y  
e v i d e n t ,  where T7 shaped n o t c h e s  are  formed d e l i n e a t i n g  g r a i n s  
ove r  which uni form s p u t t e r i n g  i s  obse rved .  Under h e a v i e r  
s p u t t e r i n g  a t  a  c o n s t a n t  i n c i d e n c e  a n g l e ,  c l u s t e r s  of n e e d l e s  
were formed i n d i c a t i n g  i n  t h e s e  r e g i o n s  t h e  s p u t t e r  y i e l d  
i n c r e a s e s  w i t h  h igh  geomet r i c  i n c l i n a t i o n s  t o  t h e  i n c i d e n t  
beam. Computer models have a l s o  been deve loped  t o  i n v e s t i g a t e  
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t h e  m o d i f i c a t i o n  o f  s u r f a c e  p r o f i l e s  under  s p u t t e r i n g  t o  
unde r s t and  more c l e a r l y  t h e  v a r i e t y  of  ohserved  f e a t u r e s .  
P r e l i m i n a r y  r e s u l t s  a r e  p r e s e n t e d .  

The a h s o l u t e  s p u t t e r  r a t e  on t h e  l u n a r  s u r f a c e  averaged  
ove r  t h e  l u n  r c y c l e  deduced from t h e s e  measurements i s  
0.043' .010 I p e r  annurn. The e q u i v a l e n t  i o n  y i e l d  r a t i o  i s  
c a l c u l a t e d  0 . 3 1  atoms p e r  i n c i d e n t  i o n .  "hese measurements 
a r e  somewhat h i g h e r  t h a n  o u r  f i r s t  p r e l i m i n a r y  e x p e r i m e n t a l  
s p u t t e r  r e s u l t s ,  b u t  s t i l l  v e r y  much lower t h a n  t h e  p r e -  
Apo l lo  e s t i m a t e s .  They g i v e  e x c e l l e n t  ex  e r i m e n t a l  c o n f i r m a t i o n  
of e a r l i e r  p r e d i c t i o n s  ( r e f .  3 )  of 0 . 0 2 1  1 / y r .  I n  t e r m s  of t h e  
t o t a l  m i c r o s c a l e  e r o s i o n  t h e  magnitude o f  t h e  s p u t t e r  
mechanism i s  v e r y  much lower t h a n  mic rome teo r i t e  impac t  e r o s i o n ,  
b u t  even t h i s  low s p u t t e r  r a t e  i s  v e r y  s i g n i f i c a n t  i n  
de t e rmin ing  t h e  l i f e t i m e  of sub-micron c r a t e r s .  Mic rome teo r i t e  
i n f l u x  r a t e s  deduced from exposed l u n a r  s u r f a c e s  i n  s p u t t e r  
e q u i l i b r i u m  ( r e f .  4 )  should  be i n t e r p r e t e d  i n  t h e  l i g h t  of 
t h i s  new e x p e r i m e n t a l  measurement. 
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