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It i s  p o s s i b l e  t o  d e t e c t  long term v a r i a t i o n s  i n  t h e  micrometeoroid com- 
p l e x  by a n a l y s i s  of s o l a r  f l a r e  t r a c k s  and micrometeor i te  c r a t e r s  on s u r f a c e s  
e x t r a c t e d  from l u n a r  and m e t e o r i t i c  b r e c c i a s .  Gas-rich m e t e o r i t e s  p r o v i d e s u r -  
f a c e s  which were exposed t o  micrometeoroids and s o l a r  f l a r e  p a r t i c l e s  f o r  a 
s h o r t  pe r iod  some t ime i n  t h e  i n t e r v a l  beginning wi th  t h e  d i s s i p a t i o n  of t h e  
s o l a r  nebula  and ending probably about 4 b.y. ago. Unmetamorphosed l u n a r  
b r e c c i a s  p o t e n t i a l l y  a r e  capable of providing s u r f a c e s  exposed f o r  va ry ing  
i n t e r v a l s  over  t h e  p a s t  4 b.y.  

On exposed s u r f a c e s ,  measurement of the  r a t i o  of c r a t e r  d e n s i t y  t o  s o l a r  
f l a r e  t r a c k  d e n s i t y  y i e l d s  a determinat ion of t h e  micrometeoroid f l u x .  The 
u n c e r t a i n t i e s  i n  t h i s  p rocess  a r e  exposure geometry, t r a c k  fad ing  a n d p o s s i b l e  
long term changes i n  t h e  f l u x  of s o l a r  f l a r e  p a r t i c l e s .  I n  s p i t e  of t h e s e  
problems, however, i t  appears  p o s s i b l e  t o  measure t h e  a n c i e n t  micrometeoroid 
f l u x  wi th  o r d e r  of magnitude accuracy on unmetamorphosed s u r f a c e s  exposed i n  
t h e  d i s t a n t  p a s t .  Addi t iona l  informat ion on the  a n c i e n t  m e t e o r i t i c  complexcan 
be gained by measurement of c r a t e r  s i z e  frequency and a n a l y s i s  of c r a t e r  mor- 
phology. The s i z e  frequency can be  converted t o  a meteoroid s i z e  d i s t r i b u t i o n  
and c r a t e r  shapes can be  used t o  determine c e r t a i n  p h y s i c a l  p a r t i c l e  peram- 
e t e r s  such a s  shape and dens i ty .  C r a t e r  depths  can a l s o  be used t o  o b t a i n  a 
crude e s t i m a t e  of impact v e l o c i t y .  

To d a t e  m i c r o c r a t e r s  have been found on g l a s s  spheres  e x t r a c t e d  from the  
gas-r ich  howardi te  Kapoeta, from t h e  low grade (1) lunar  b r e c c i a  15086 and 
t e n t a t i v e l y  from t h e  howardi te  Malvern. Analys is  of c r a t e r s  and s o l a r  f l a r e  
t r a c k s  i n  kapoeta  i n d i c a t e s  t h a t ,  a t  t h e  time gas-r ich  m e t e o r i t e s  formed, t h e  
micrometeoroid complex was very  s i m i l a r  t o  t h a t  observed today. The f l u x ,  s i z e  
d i s t r i b u t i o n  and p h y s i c a l  p a r t i c l e  p r o p e r t i e s  appear t o  have been roughly 
equ iva len t  t o  s i m i l a r  parameters of contemporary micrometeoroids a s  impl ied  
by a n a l y s i s  of c r a t e r s  on l u n a r  s u r f a c e s  w i t h  r e c e n t  exposure h i s t o r i e s .  A 
s i m i l a r  b u t  some what t e n t a t i v e  conclus ion i s  reached from a n a l y s i s  of  green 
g l a s s  spheres  from 15086. C r a t e r s  on 15086 a r e  morphologically s i m i l a r  t o  
modern c r a t e r s  i n d i c a t i n g  roughly s i m i l a r  p a r t i c l e  shapes and d e n s i t i e s .  Al -  
though d e t a i l e d  t r a c k  work has  n o t  been done on c r a t e r e d  spheres ,  s t a t i s t i c a l  
comparison wi th  o t h e r  analyzed spheres  from 15086 impl ies  an  o rde r  of magni- 
tude  agreement between t h e  modern micrometeoroid f l u x  and t h a t  when 15086 was 
formed. A key problem i n  determining the  evo lu t ionary  h i s t o r y  of t h e  micro- 
meteoroid complex i s  t h e  a b i l i t y  t o  determine when s u r f a c e s  i n s i d e  an  a n c i e n t  
b r e c c i a  were a c t u a l l y  exposed. The 4 0 ~ r - 3 9 ~ r  age f o r  t h e  green g l a s s  spheres  
i s  3.4 b a y .  (2), but  p r e s e n t l y  t h i s  age can only  be considered an upper l i m i t  
f o r  t h e  t i m e  a t  which t h e  c r a t e r s  on 15086 were formed. There i s  a r e a l  d i f f -  
i c u l t y  f o r  low grade l u n a r  b r e c c i a s  i n  t h a t  while'kducated-estimates" can be  
made of t h e  t i m e  of compaction, i n  r e a l i t y  on ly  upper l i m i t s  can b e  es tab-  
l i s h e d .  On t h e  o t h e r  hand, m e t e o r i t i c  b r e c c i a s  appear t o  have had much s impler  
h i s t o r i e s  and i t  seems very  probable  t h a t  d a t i n g  t h e i r  g l a s s  component may 
d a t e  the  t ime of compaction. A t  t h e  p r e s e n t  time an 4 0 ~ r - 3 9 ~ r  age i s  be ing  
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de termined f o r  g l a s s  from Kapoeta and Malvern. 
D e t e c t i o n  o f  t ime  v a r i a t i o n s  i n  t h e  micrometeoroid complex i s  of  consid-  

e r a b l e  i n t e r e s t  i n  t h e  l i g h t  of  i n f l u e n c e s  which cou ld  have caused p a s t  
changes.  The m i c r o p a r t i c l e  complex i n  t h e  i n n e r  s o l a r  sys tem i s  a  q u a s i s t a b l e  
system i n  which p a r t i c l e  l i f e t i m e s  on t h e  o r d e r  of  l o4 - lo5  y e a r s  n e c e s s i t a t e  
a  c o n s t a n t  s u p p l y  o f  new m a t e r i a l  i n  o r d e r  t o  ma in ta in  s t a b i l i t y .  There i s  
c o n s i d e r a b l e  ( a l though  n o t  c o n c l u s i v e )  ev idence  t h a t  t h e  major  p a r t i c l e  source 
a t  t h e  p r e s e n t  t i m e  i s  s h o r t  p e r i o d  (SP) comets. C o l l i s i o n s  (3 )  and t h e  f a c t  
t h a t  p a r t i c l e  l i f e t i m e s  are l o n g e r  t h a n  SP comet l i f e t i m e s  tend  t o  s t a b i l i z e  
t h e  number o f  p a r t i c l e s  i n  t h e  s o l a r  system. However, f l u c t u a t i o n s  on t h e  
o r d e r  o f  a f a c t o r  o f  1 0  can  b e  expec ted  due t o  t h e  uneven r a t e  o f  p r o d u c t i o n  
o f  SP comets c a p a b l e  o f  p u t t i n g  p a r t i c l e s  w i t h  bound o r b i t s  i n t o  t h e  i n n e r  
s o l a r  system. I n  a d d i t i o n  t o  t h e s e  r e l a t i v e l y  s h o r t  te rm f l u c t u a t i o n s  ( m i l l i o n s  
o f  y e a r s )  i t  i s  a l s o  p o s s i b l e  t h a t  t h e  rate of  comet e j e c t i o n  i n t o  t h e  i n n e r  
s o l a r  sys tem h a s  undergone a l o n g  te rm s e c u l a r  change due t o  a  g e n e r a l  de- 
p l e t i o n  o f  t h e  Sun ' s  comet i n v e n t o r y .  Nezh insk i j  (4)  h a s  shown t h a t  a s  a  re -  
s u l t  o f  s t e l l a r  p e r t u r b a t i o n s  t h e  h a l f - l i f e  o f  t h e  comet c loud  i s  approxi -  
mate ly  1 b.  y. 

F lux  changes i n  t h e  p a s t  can  a l s o  be  expected  because  of  l a r g e  f l u c t u a -  
t i o n s  i n  t h e  d e n s i t y  o f  i n t e r s t e l l a r  g r a i n s  i n  t h e  s o l a r  system. Microme- 
t e o r i t e  exper iments  on P i o n e e r  819 (5)  have shown t h a t  a  n o n - n e g l i g i b l e  
f r a c t i o n  o f  i n t e r p l a n e t a r y  p a r t i c l e s  have h y p e r b o l i c  o r b i t s  and a r e  i n t e r -  
s t e l l a r  i n  o r i g i n .  Because o f  t h e  h i g h l y  nonuniform d i s t r i b u t i o n  o f  d u s t  i n  
t h e  Galaxy i t  i s  n o t  un reasonab le  t o  expec t  t h a t ,  s e v e r a l  t i m e s  d u r i n g  t h e  
p a s t  4.6 b . y . ,  t h e  p a r t i c l e  c o n t r i b u t i o n  by t h e  i n t e r s t e l l a r  medium c o u l d h a v e  
exceeded t h e  c o n t r i b u t i o n  by  SP comets. 

A f i n a l  e f f e c t  o f  p a r t i c u l a r  impor tance  t o  t h e  Moon i s  t h e  enhance- 
ment o f  t h e  p a r t i c l e  f l u x  a t  t h e  t i m e  o f  fo rma t ion  of  mare b a s i n s .  An Irnbrium 
s i z e d  c r a t e r i n g  e v e n t  could  e a s i l y  i n j e c t  a mass o f  d e b r i s  i n t o  s o l a r  o r b i t  
which would exceed Whipple ' s  estimates (6)  f o r  t h e  t o t a l  mass of  p a r t i c u l a t e s  
i n  t h e  s o l a r  system. Although t h e  l i f e t i m e  of  t h i s  d e b r i s  would b e  s h o r t ,  i t  
does  seem p o s s i b l e  t o  f i n d  a n c i e n t  b r e c c i a s  which would have r eco rded  t h e  
enhanced micrometeoroid f l u x .  Enhancements of  t h i s  t y p e  would b e  e a s i l y  d i s -  
t i n g u i s h a b l e  from enhancements due  t o  comets o r  i n t e r s t e l l a r  p a r t i c l e s  be- 
cause  d e b r i s  from t h e  earth-moon sys tem would have E a r t h - l i k e  o r b i t s  andhence  

svr Face 
would re-impact t h e  l u n a r  a t  r e l a t i v e l y  low v e l o c i t i e s  ( < l o  km s - I ) .  Because A 
of t h e  lower impact  v e l o c l t y  a  s u i t e  of  c r a t e r s  from t h i s  t ype  o f  e v e n t  would 
be  s y s t e m a t i c a l l y  sha l lower  t h a n  t y p i c a l  contemporary l u n a r  c r a t e r s .  
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