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Two b a s i c  processes caused by  t h e  bombardment o f  micrometeoro ids  c o n t r i -  
bu te  t o  t h e  d e s t r u c t i o n  o f  l u n a r  r o c k s  i .e. ,  " c a t a s t r o p h i c  breakup: and "par -  
t i c l e  abras ion"  (1) .  The l a t t e r  process was s imu la ted  i n  t h e  p resen t  s tudy  
v i a  Monte Car lo  computer techn iques i n  o r d e r  t o  assess t h e  gradual  mass wast-  
i n g  o f  l u n a r  rocks .  

INPUT DATA: Measured m i c r o c r a t e r  s i z e  f requency d i s t r i b u t i o n s  f rom r o c k s  
12054 and 60015 f o r  c r a t e r s  400-2500pm spal  1  d iameter  (D) and an e x t r a p o l a t e d  
m i c r o c r a t e r  p r o d u c t i o n  s lope  of ND=cD'~ f o r  a l l  l a r g e r  c r a t e r s  y i e l d e d  t h e  
p r o b a b i l i t y  o f  occur rence f o r  s p e c i f i c  c r a t e r  s i zes .  The c r a t e r  volumina (Vc) 
were c a l c u l a t e d  u s i n  G a u l t ' s  (1973) exper imenta l  data. From these vo umina 3 A 2 t he  c r a t e r  depth  (dc was d e r i v e d  v i a  t h e  s imple  r e l a t i o n s h i p  dc=VC/n(,) . 
The t e s t  s u r f a c e  was a  g r i d  c o n s i s t i n g  o f  175x175 " c e l l s "  o f  f i x e d  x / y  coor-  
d i n a t e s  (xl,. , 1 7 5 / Y 1 . .  , 1 7 5 )  and o f  400pm s i d e l e n g t h  each, t hus  r e s u l t i n g  i n  a  
t o t a l  t e s t  a rea o f  49cm2. However, o n l y  a  c e n t r a l  square o f  25cm2 was ana- 
l y z e d  i n  o r d e r  t o  e l i m i n a t e  "edge-e f fec ts "  a t  t h e  boundary o f  t h e  t e s t  su r face  
The c r a t e r  s i z e  i n t e r v a l s  were chosen such t h a t  t h e  su r face  area o f  t h e  
assoc ia ted  average c r a t e r  (Ca) was an i n t e g e r  number o f  " c e l l s "  ( Z ) ,  i . e . ,  
Ca=uZ; f o r  t h e  s m a l l e s t  c r a t e r  u = l ;  f o r  t h e  l a r g e s t  c r a t e r  u=1965. 

COMPUTER RUN: Us ing t h e  above i n p u t  data,  t h r e e  random number genera tors  
determined t h e  X / Y  coo rd ina tes  o f  t h e  impact  p o i n t  and t h e  c r a t e r  s i z e  p ro -  
duced. The e n t i r e  o u t p u t  was purpose ly  expressed o n l y  i n  terms o f  t o t a l  
number o f  c r a t e r s  produced. Thus t h e  raw data  a r e  independent o f  t h e  a c t u a l  
f l u x  o f  micrometeoroids and model e lapsed t imes may e a s i l y  be d e f i n e d  based on 
b e s t  es t imates  of  t h e  f l u x  of micrometeoroids.  F igs .  1  th rough 4  i l l u s t r a t e  
some r e p r e s e n t a t i v e  r e s u l t s .  
F ig.  1  : T y p i c a l  c ross -sec t i ons  spaced 4 m  a p a r t  (Y76, Y 8 6 ,  Y96) a f t e r  10,000, 
50,000 and 100,000 c r a t e r s  produced. V e r t i  c a l  exaggera t ion  : 17.6 t imes ; 
(wh i te :  m a t e r i a l  removed; hatched: remain ing r o c k ) .  
F ig.  2: Average depth eroded of e n t i r e  t e s t  su r face  (25cm2). N o t i c e  t h e  
s i g n i f i c a n t  e f f e c t s  o f  a  few, though b i g  c r a t e r s ,  e. g., between 30,000 and 
40,000 o r  between 90,000 and 100,000 c r a t e r s .  
F ig .  3: T o t a l  number of  c r a t e r s  produced versus % o f  su r face  area a f f e c t e d  by 
a t  l e a s t  one impact. N o t i c e  t h a t  a l ready  a f t e r  o n l y  10,000 c r a t e r s  more than 
50% o f  t h e  t o t a l  s u r f a c e  has undergone eros ion.  I t takes another  90,000 
c r a t e r s  t o  comple te ly  remove t h e  remain ing 50% su r face  area. 
F ig .  4: At tempt t o  assess t h e  " r e p r e s e n t a t i v e "  n a t u r e  o r  l a c k  t h e r e o f  o f  
va r ious  s i z e d  su r face  areas. T y p i c a l l y  used i n  t h e  s tudy  o f  l u n a r  s u r f a c e  
processes. The computer i t e r a t e d  o v e r  the  e n t i r e  25cm2 t e s t  area and searched 
f o r  t h e  l e a s t  (=sha l l owes t )  and most (=deepest) eroded u n i t  area (=5,2,1, .64 
and .16cm2). These "extremes" i n  e r o s i o n a l  s t a t e  a r e  compared t o  t h e  
"average" of t h e  e n t i r e  area. The d e v i a t i o n  f rom t h e  average-expressed i n  
p e r c e n t - i s  a  d i r e c t  measure how t y p i c a l  o r  a t y p i c a l  smal l  l u n a r  r o c k  c h i p s  may 
be w i t h  respec t  t o  t h e i r  pa ren t  rock.  

FLUX DEPENDENT IMPLICATIONS: The above program s imu la ted  t h e  e f f e c t s  o f  
mi c r o c r a t e r s  152 t o  24,00@m i n  spa l  1  d iameter.  Corresponding m i  c rometeoro id  

0 Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



LUNAR R O C K  EROSION 

E. Schneider and F. Horz 

f lux estimates were summarized by (3 ) .  Hartung e t  a l .  ( t h i s  volume) and 
others point out tha t  the average f lux fo r  the past few lo6 years may have 
been s igni f icant ly  lower than the flux during the past lo4  years and espe- 
c i a l ly  compared t o  present-day micrometeoroid fluxes based on s a t e l l i t e s .  
However, in analogy t o  rock 68815 ( 4 )  and other samples associated with S-Ray 
c ra te r ,  an exposure age of 2x106 may be inferred f o r  rock 68415. Thus a 
minimum cra te r  production ra t e  of 1 .1 crater/cm2/1 o6  years (1 arger than 2000um 
spa1 1 diameter) can be derived; the present day s a t e l l i t e  data y ie ld  a produc- 
tion ra t e  of 50 craters/cm2/106 years. 

Erosion-rates and c ra te r  saturat ion times based on a variety of fluxes 
are summarized in Table 1. Erosion ra tes  determined elsewhere (5,6)  lead to a 
best c ra te r  production r a t e  of 5-10 events >200@m spa11 diameter per m.y. 
averaged over the l a s t  few lo6 years. Using these ra tes  i t  can be seen tha t  
surface exposure times of individual rocks based on microcrater frequencies 
are not valid f o r  exposure times in excess of 3 x 1 0 ~  years and highly question- 
able f o r  1-3x106 years (7,8),  

ROCK PRESENT 
CRATER PRODUCTION 6841 MODEL FLUXES SATELLITE 

FLUX .-, 
RATE: ~ N , ~ ~ ~ ~ / c ~ ~  m.~. 1.1 5 10 2 0 50 

MODEL ELAPSED TIME FOR 
ENTIRE COMPUTER RUN 
(=100,000 c r a t e r s )  2 7 . 9 ~ 1  o6 6.1 9x1 o6 3 . 0 7 ~ 1  o6 1 . 5 5 ~ 1  o6 6 . 1 4 ~ 1  o5 

IN YEARS 

EROSION RATE ( s e e  
Fig. 2 )  .072 .323 .651 1.290 2.120 

m / l O  y e a r  

CRATER I 3 . 3 ~ 1  o6 7 . 2 ~ 1  o5 3 . 6 ~ 1 0  1 . 8 ~ 1 0  7 . 2 ~ 1 0  4 

SATURATION 11 - 9 . 3 ~ 1 0 ~  2 . 1 ~ 1 0  1 . 0 ~ 1 0  5 . ix io5  2.1X1o5 

TIHES I11 1 6 . 0 ~ 1 0 ~  3.6x106 1.8x106 9 . 0 ~ 1 0 ~  3.6x105 

(years ( x )  I V 8.4x106 1 . 9 ~ 1 0  9 . 2 ~ 1 0 ~  4.6x105 1 .8xlo5 

2 (')I. Neukum, 1973 [area l  density.. 15;23.6 craters,20001cm ] ( 7 )  
2 I I .  Morrison e t  a1 . , 1973 [1 imi t i n g  frequency val uesl0.2 c r a t e r s~2000 /cm ] ( 8 )  

111. Hartung e t  a l .  , 1973, [ equ i l l  i b ra t ion  value218 ~ r a t e r s , 2 ~ ~ ~ / c m 2 ]  (9 )  

IV. This model [90% of t o t a l  rock su r f ace  destroyed;="9.2 c r a t e r ~ > ~ ~ ~ ~ / u " ~ ]  
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Fig.  3 

Fis. 1 

F ig .  4 
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