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D e n s i t y  

I n  p r e v i o u s  work1 i t  was shown t h a t  d e p t h l d i a m e t e r s  r a t i o s  of micro- 
c r a t e r s  i n  l u n a r  g l a s s  cou ld  b e  used  t o  i n f e r  mean d e n s i t i e s  o f  i n t e r p l a n e t -  
a r y  d u s t .  P r e v i o u s  and r e c e n t  measurements of  c r a t e r s  i n  t h e  0.2pm t o  100pm 
s i z e  r a n g e  on t h e  g l a s s  s u r f a c e s  of  60095, 15286, 67115, and a  Luna 1 6  
s p h e r u l e  show a  r a n g e  of  dep th  d i ame te r  ( P / D ~ )  r a t i o s  from 0.25 t o  1 . 2 .  Here 
dep th  P i s  d e f i n e d  as t h e  maximum dep th  below t h e  o r i g i n a l  s u r f a c e  p l a n e  and 
t h e  d i ame te r  Dp i s  t h e  mean p i t  d i ame te r  measured a t  t h e  p l a n e  of t h e  o r i g i n a l  
s u r f a c e .  There i s  a  s p r e a d  i n  P/Dp v a l u e s  b u t  t h e  m a j o r i t y  of  t h e  measured 
v a l u e s  f a l l  between 0.5 and 0.8.  For  impact  v e l o c i t i e s  o f  5-20 km s - I  labo- 
r a t o r y  c a l i b r a t i o n s 2  i n d i c a t e  t h a t  t h e s e  P/Dp v a l u e s  cor respond t o  t y p i c a l  
p r o j e c t i l e  d e n s i t i e s  of  2-4 g  ~ m - ~ .  The measured P/Dp v a l u e s  do n o t  r u l e  o u t  
t h e  p o s s i b l e  e x i s t e n c e  of  a minor f r a c t i o n  < l o %  of p a r t i c l e s  as dense  a s  
m e t a l l i c  i r o n .  The P / D ~  v a l u e s  do however r u l e  o u t  t h e  p o s s i b i l i t y  of  more 
than  a m i n i s c u l e  f r a c t i o n  o f  micron-sized p a r t i c l e s  hav in3  d e n s i t i e s  < 1 g  
~ m - ~ .  S p a c e c r a f t  measurements r e p o r t e d  by F e c h t i g  e t  a l .  i n d i c a t e  t h a t  
m i c r o p a r t i c l e s  > l p m  have  ave rage  l u n a r  impact  v e l o c i t i e s  of  10 km sV1. Th i s  
impact  v e l o c i t y  i s  w i t h i n  t h e  r ange  s i m u l a t e d  i n  t h e  l a b o r a t o r y  c a l i b r a t i o n s 2  
and we b e l i e v e  t h a t  t h e  c o n c l u s i o n s  on p a r t i c l e  d e n s i t y  f o r  p a r t i c l e s  between 
l y m  and 50pm a r e  v e r y  r e l i a b l e .  

Smith e t  a l a 4  measured P/Dp v a l u e s  f o r  1.5pm t o  7pm d iame te r  c r a t e r s  on 
300pm d iame te r  Apollo 1 5  g l a s s  s p h e r e s .  They r e p o r t  3  groupings  of P/Dp cor-  
r e spond ing  t o  p r o j e c t i l e  d e n s i t i e s  of  8  g ~ m - ~ ,  3  g  cm-3 and 1-2 g  ~ m - ~ .  
T h e i r  r e s u l t s  a g r e e  w i t h  o u r s  i n  t h a t  t h e y  do n o t  s e e  evidence  f o r  d e n s i t i e s  
<1 g  cmm3. There i s  d i s sag reemen t  however i n  t h a t  t hey  r e p o r t  t h r e e  d i s t i n c t  
d e n s i t y  groups  i n c l u d i n g  a s i g n i f i c a n t  f r a c t i o n  of p a r t i c l e s  a s  dense  a s  
m e t a l l i c  i r o n .  I n  f a c t  t h e y  imply t h a t  most of  t h e  lpm meteoroids  shou ld  b e  
m e t a l l i c  i r o n .  None of  t h e  4 s u r f a c e s  we have  s t u d i e d  show c r a t e r  P / D ~  d i s -  
t r i b u t i o n s  l i k e  t h e  Smith e t  a l .  d a t a .  We have looked a t  a  l a r g e  number of 
c r a t e r s  made by l p m  p a r t i c l e s  and see no ev idence  t h a t  more than  10% of t h e  
p a r t i c l e s  cou ld  b e  a s  dense  a s  m e t a l l i c  i r o n ,  

Chemistry 

We d i d  d e t a i l e d  microprobe  s e a r c h e s  f o r  m e t e o r i t i c  enr ichment  i n  t h e  
g l a s s  p i t  l i n i n g s  of  2 mm-sized c r a t e r s  and a lOOpm c r a t e r  i n  p u r e  l u n a r  f e l d -  
s p a r s .  The c r a t e r s  were  s e c t i o n e d  p a r a l l e l  t o  t h e  c r a t e r  symmetry axes .  En- 
r i chmen t s  of Fe,  Mg and N i  i n  t h e  g l a s s  p i t  l i n i n g  were looked f o r  by de- 
focused  beam a n a l y s i s  o f  a l a r g e  number o f  s p o t s  on t h e  g l a s s  and on t h e  
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unde r ly ing  unmelted m a t r i x .  The two l a r g e r  c r a t e r s  showed a Fe ,  Mg enr ichment  
i n  t h e  p i t  l i n i n g .  I n  t h e  most p o s i t i v e  c a s e ,  however, t h e  enr ichment  i s  con- 
s i s t e n t  w i t h  o n l y  0.1% c h o n d r i t i c  material mixed i n t o  t h e  g l a s s  c r a t e r  l i n i n g .  
These r e s u l t s  imply t h a t  f o l l o w i n g  t h e  impact  of  t y p i c a l  g me teo ro ids  
o n t o  a s i l i c a t e  t a r g e t ,  n e a r l y  100% of t h e  meteoroid  i s  vapor i zed  o r  o t h e r w i s e  
e j e c t e d  from t h e  impact  s i t e .  

S i z e  D i s t r i b u t i o n  

A s i z e  f requency d i s t r i b u t i o n  f o r  c r a t e r  s i z e s  from 800A t o  60pm was 
de termined on a smooth f r a c t u r e  s u r f a c e  of  t h e  3 cm g l a s s  s p h e r e  60095. 
Ana lys i s  o f  a f r a c t u r e  s u r f a c e  e l i m i n a t e s  p o s s i b l e  problems of  pseudo c r a t e r s  
which cou ld  conce ivab ly  b e  formed on o r i g i n a l  g l a s s  s p h e r e  s u r f a c e s  d u r i n g  t h e  
s p h e r e  forming p r o c e s s .  A t o t a l  o f  157 c r a t e r s  were colinted from SEM mosaics  
t aken  a t  n i n e  d i f f e r e n t  m a g n i f i c a t i o n s .  The d a t a  p l o t t e d  a s  l o g  cumula t ive  
c r a t e r  d e n s i t y  v s .  l ong  c r a t e r  d i ame te r  can  b e  approximate ly  f i t  by a p i ece -  
w i s e  l i n e a r  cu rve  of s l o p e  -1 t o  -1.5 f o r  c r a t e r s  >2p and a s l o p e  of  -2.5 f o r  
s i z e s  <2u. T h i s  r e s u l t  i s  i n  good agreement w i t h  t h e  averaged l u n a r  micro- 
c r a t e r  s i ze - f r equency  cu rve  d e r i v e d  by F e c h t i g  e t  &3. The 60095 cumula t ive  
c r a t e r  d e n s i t y  a t  O.1pm i s  2 x l o 6  c r a t e r s  ~ m - ~ y n d  t h e r e  i s  no ev idence  f o r  
a small s i z e  tu rnove r .  The h i g h  d e n s i t y  and s t e e p  s l o p e  i n  t h e  submicron 
r e g i o n  i s  i n  good agreement w i t h  crater coun t s  r e p o r t e d  by B lan fo rd  e t  a1 .  
b u t  does n o t  a g r e e  w i t h  p r e v i o u s  work we d i d  on t h e  g l a s s  sample 15286. The 
15286 sample h a s  a normal p o p u l a t i o n  of  c r a t e r s  > l u m  b u t  does n o t  have a s teep 
s l o p e  below lpm. Reexamination o f  15286 shows t h a t  n o t  o n l y  does i t  n o t  have 
many submicron c r a t e r s  b u t  t h a t  i t  does  n o t  have many submicron micro- 
a c c r e t i o n a r y  p a r t i c l e s  of  t h e  t y p e  d e s c r i b e d  by  Banford e t  a1. 5. Micro- 
a c c r e t i o n a r y  f e a t u r e s  are expec ted  on a l l  s u r f a c e s  exposed a t  t h e  l u n a r  s u r -  
f a c e .  That  15286 a p p e a r s  d e f i c i e n t  i n  submicron a c c r e t i o n a r y  f e a t u r e s  i m p l i e s  
t h a t  submicron f e a t u r e s  have  been  obscured .  The c r a t e r  d a t a  f o r  c r a t e r s  , I v m  
on 15286 a r e  p e r f e c t l y  v a l i d  b u t  p r e v i o u s l y  pub l i shed  d a t a  f o r  t h e  submicron 
c r a t e r s  are u n r e l i a b l e  because  of  t h e  o b s c u r a t i o n  e f f e c t s .  The o b s c u r a t i o n  
was most p robab ly  caused  by e i t h e r  e t c h i n g  o r  t h e  condensa t ion  of  a  t h i n  f i l m .  
The 15286 s u r f a c e  was one of  t h e  few l u n a r  samples w i t h  a f l a t  c r a t e r  s i z e  
d i s t r i b u t i o n  below lpm. It now a p p e a r s  p robab le  t h a t  a l l  m i c r o c r a t e r  s i z e  
f requency p l o t s  which t r u e l y  r e f l e c t  t h e  s i z e  d i s t r i b u t i o n  of  submicron micro- 
m e t s o r i t e s  have  s t e e p  s l o p e s  on t h e  o r d e r  of -2 o r  s l i g h t l y  s t e e p e r .  
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