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I t  was noted e a r l y  in  the  Lunar Sample Analysis Program t h a t  the  f l ux  of 
meteoroids derived from spacecra f t  measurements was about an order  of magnitude 
higher than the  meteoroid f l ux  obtained from lunar  rock da ta  ( 1 ) .  The " lunar  
f lux"  was derived by dividing an observed areal  dens i ty  of microcraters  by a 
lunar  surface "exposure age" obtained from so l a r  f l a r e  t rack  measurements. 
However t he  unce r t a in t i e s  in  determining meteoroid masses from both spacecraft 
and lunar  data appeared l a rge  enough so t h a t ,  within t h e  parametric uncer ta in-  
t i e s ,  the  d i f f e r e n t l y  determined meteoroid f luxes  might we1 1 be i n  agreement 
( 2 ) .  Most authors  (e .g  . , 3,  4 )  seemed t o  p re fe r  the  lower f l  uxes derived from 
lunar  rock da ta .  

I t  wi l l  now be demonstrated t h a t  the  "high" f l ux  i s  t he  co r r ec t  one. The 
primary source of da ta  a r e  the  spacecra f t  window data  which a r e  e spec i a l l y  
s u i t a b l e  f o r  comparison with t h e  lunar  meteoroid impact d a t a .  One need only 
compare impact p i t s  of a c e r t a i n  s i z e  on t he  windows with those of the  same 
s i z e  on lunar  rocks.  The d i f f e r e n t  kinds of g l a s s  involved should requ i re  
only small co r r ec t i ons .  The main problems a r i s e  in  cor rec t ing  the  spacecra f t  
data  f o r  "grav i ta t iona l  " ( including spacecra f t  o r b i t a l  ve loc i ty  der ived)  f lux  
increases  from Moon t o  Earth and in  shie lding by t he  Ear th ,  the  Moon, and 
spacecra f t  s t r u c t u r e s .  

The meteoroid f luxes  so  derived a r e  shown in  Table 1 .  The g r av i t a t i ona l  
increase  f a c t o r  i s  obtained by comparing the  Lunar Orbi ter  1 through 5 data  
with near-Earth data  obtained w i t h  i d en t i c a l  sensors ( o r  near ly  so )  on t he  
Explorer 16 and 23 s a t e l l i t e s .  The grav i ta t iona l  increase  f a c t o r  chosen from 
t h i s  data  i s  2.7. The Gemini and Apol l o  window data  were reduced by Cour- 
Pa la i s  ( 5 )  assuming a g rav i ta t iona l  increase  f ac to r  of 1.9,  f o r  those missions 
which were near-Earth.  Thus a s l i g h t  reduction of h i s  f l u x  should be made a t  
the  Moon. However, t he  s t a t i s t i c a l l y  somewhat more important Skylab data  
gives  a f l u x  of 0.016/(cm2-yr) f o r  meteoroids producing 20 pm diameter and 
l a r g e r  p i t s  a t  t he  Moon. 

There i s  evidence ( 6 )  t h a t  loosely  bound dus t  i s  shie lding exposed rock 
surfaces  from impacts by meteoroids i n  the  sub-micrometer range. There i s ,  
t h e r e fo r e ,  reason f o r  concern t h a t  such shie lding might g r ea t l y  reduce the  
number of impact p i t s  in  the  20 pm range. Such sh ie ld ing  by dus t ,  i f  occur- 
r i ng ,  does not appear t o  be s i g n i f i c a n t ,  however. The r a t i o s  of the  number of 
20 pm diameter p i t s  t o  the  number of 100 um diameter p i t s  on lunar  rocks12054, 
15205, and 60015 were 12.5, 4 ,  and 5 ,  respec t ive ly .  Of the  27 impact p i t s  
with p i t  diameters l a rge r  than 20 pm observed on a l l  t h e  spacecra f t  windows, 
4 had p i t  diameters l a rge r  than 100 pm ( 7 )  f o r  a r a t i o  of %7 f o r  N(>20 vm)/ 
N(2100 pm). Variations in the  lunar  data  a r e  very l i k e l y  due t o  the  s t a t i s t i -  
ca l  uncer ta inty  of the  number of 100 pm p i t s  f o r  15205, the  possibly incomplete 
microscopic data a t  t he  20 pm s i z e  level  f o r  60015, and the  d i f f i c u l t y  of 
matching toge ther  counts taken a t  d i f f e r e n t  magnifications on 12054. The 
evidence, indeed, i s  t h a t  t he r e  i s  neg l i g ib l e  suppression,  due t o  dus t ,  of 
20 ~IIII diameter p i t s  r e l a t i v e  t o  100 pm diameter p i t s  on these  rocks.  

Spacecraf t  observat ions  can now be d i r e c t l y  applied t o  lunar  data  t o  give 
us abso lu te ,  present-day, erosion and g l a s s  production r a t e s  on lunar  rocks.  
A f i t  t o  a va r i e t y  of lunar  rock impact p i t  data i s  given by Fechtig e t  a1 . (2 )  
and, when normalized t o  the  f lux  of 20 i n  diameter and l a rge r  p i t s  sug- 
gested here (0.015/cm2 y r )  , gives  
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where Dp i s  p i t  d i ame te r  i n  cm and f i s  cumu la t i ve  f l u x  i n  number/cm2 y r .  
Assuming t h a t  a  c r a t e r  volume ( p i t  p l u s  s p a l l )  can be model l e d  by a  cone o f  
dep th  Dp/2 and o f  d i ame te r  4Dp, t h e  above f l u x  g i v e s  an e r o s i o n  r a t e  o f  1.7 mm/ 
106 y r .  T h i s  i s  i n  t h e  range g i v e n  e a r l i e r  by  Gaul t e t  a1 . ( 1  ) and a l s o  
corresponds c l o s e l y  t o  t h e  " h i g h "  f l u x  o f  H6rz e t  a l .  ( 3 ) .  A  g l a s s  p r o d u c t i o n  
r a t e  i s  s i m i l a r l y  d e r i v e d  where t h e  i n i t i a l  g l a s s  volume produced i n  a  p i t  i s  
assumed g i v e n  by a  hemisphere o f  d iameter  Dp and depth  Dp/2 ( a  smal l  f r a c -  
t i o n  of  t h i s  - perhaps 10% t o  20% - w i l l  be v a p o r ) .  The d e r i v e d  g l a s s  p ro -  
d u c t i o n  r a t e  i s  6.4 x  l o - *  g / ( cm2-y r ) .  P i t s  l a r g e r  t han  abou t  100 pm appear to 
be o n l y  t h e  remnant bo t t om o f  an assumed o r i g i n a l  hem isphe r i ca l  p i t .  There fo re  
i t  i s  f e l t  t h a t  t h e  e f f e c t i v e  p i t  d i ame te r  shou ld  p r o b a b l y  be i nc reased  by 
abou t  25%. T h i s  g i v e s  a  f a c t o r  o f  2  more g l a s s  produced. A t  a  d e n s i t y  of  
3  g/cm3 t h e  g l a s s  p r o d u c t i o n  r a t e  f rom p r i s t i n e  l u n a r  r ocks  i s  abou t  0.04 c u b i c  
cm p e r  cm2 o f  s u r f a c e  a rea  p e r  l o 6  y r .  T h i s  r a t e  o f  g l a s s  p r o d u c t i o n  i s  14 
t imes  g r e a t e r  t h a n  suggested by Gaul t e t  a1 . ( 1  ) ,  b u t  i s  i n  t h e  range suggested 
by Zook ( 8 ) .  It shou ld  a l s o  be p o s s i b l e  t o  model a g g l u t i n a t e  p r o d u c t i o n  i n  t h e  
l u n a r  s o i l  i f  t h e  f l u x  and s i z e  o f  me teo ro ids  l a r g e r  t han  abou t  one c e n t i m e t e r  
i n  d i ame te r  can be c o r r e c t l y  es t ima ted .  

F i n a l l y ,  t h e  m e t e o r o i d  f l u x  g i v e n  i n  t h i s  a b s t r a c t  has o t h e r  i m p o r t a n t  
consequences. I f  t h e  a r e a l  d e n s i t i e s  o f  20 pm and l a r g e r  impac t  p i t s  on rocks  
12054, 15205, and 60015 a r e  d i v i d e d  by t h e  p r e s e n t  p r o d u c t i o n  r a t e  o f  0.015 
p i t s / ( c m 2  y r ) ,  l u n a r  s u r f a c e  exposure ages f o r  t hese  rocks  a r e  o b t a i n e d  t h a t  
a r e  abou t  6  t imes  younger t han  t h e  s o l a r  f l a r e  ages r e p o r t e d  f o r  these  rocks  
( 9 ) .  These r e s u l t s  appear  t o  i m p l y  one o f  t h e  f o l l o w i n g  consequences: ( a )  The 
me teo ro id  f l u x  has changed i n  t i m e  and was much l e s s  % l o 4  y r .  ago, ( b )  t h e  
p r e s e n t  assumed s o l a r  f l a r e  t r a c k  p r o d u c t i o n  r a t e  i s  wrong and shou ld  be abou t  
6  t imes  g r e a t e r ,  ( c )  t h e  s o l a r  f l a r e  t r a c k  p r o d u c t i o n  r a t e  has v a r i e d  w i t h  t ime 
w i t h  l a r g e  i nc reases  f r om l o 4  t o  %3 x  l o 4  y r .  ago, o r  ( d )  some combina t ion  of  
above. These a l t e r n a t i v e s  w i l l  be d i scussed  more f u l l y  l a t e r .  
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Table 1. Meteoroid Impact Rates Obtained from Various Spacecraft 
' 0  ;o 

Cell thickness Punctures o r  Rate Shieldin Unshielded r a t e  ~ ~ t . 1 0  t o  ~ u n a p  Rate a t ( 2 )  Moon 
(n0./cm2-~r) 

% 9 
Spacecraft o r  pl t diameter impacts ( n ~ . / c m Z - ~ r )  COrrectionsl ) (no./cmi-yr) Orbiter , rn --I 

I rn 

Lunar 0rbi t e d 3 )  25 pm 
1 thru 5 (Be-Cu) 22 0.00584 0.12 0.0066 

Explorer 16 25 pm 44 0.0123 0.252 0.0164 2.49 0.0061 
(Be-Cu) 

Explorer 23 25 pm 50 0.0139 0.279 0.0192 2.92 0.0071 
(Stainless  

s tee l  ) 

Explorer 16 50 um 
(Be-Cu) 

Explorer 23 50 pm 74 0.0079 0.279 0.0110 
(Stainless  

s tee l  ) 

Gemini and 220 pm 9 
(4) 0.015 

Apol l o  windows (fused s i l i c a )  

Skylab comnand 220 v m  18 0 . 0 2 7 ( ~ )  0.345 0.0417 
Module windows (fused s i l i c a )  

HEOS I1 "sporadics" 2 0.024 %O 0.024 0.024 

(')obtained by assuming the spacecraft i s  in  c i rcu la r  o r b i t  a t  an a l t i t u d e  given by i t s  semi.-major ax i s  
and evaluating shielding hy the Earth or the Moon, respectively. 

( 2 ) ~ h e  "Rate a t  Moofi" i s  obtained by dividing the near-Earth r a t e  by 2.7. This "gravitational increase" 
fac tor  i s  obtained by cornparin9 Explorer data with Lunar Orbiter data. 
Lunar Orbiter and Explorer 16 and 23 data from re fs .  (10) and (11 ). 

'"Reduced t o  vnrhielded lunar conditions by Cour-Palals (1971). 
( 5 ) ~ o u r - ~ a l a i  s , 6.G. (personal comunication) . 


