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Ivanov (1)  has proposed a c r a t e r  formation model which includes an 
inverse cubic distance dependence f o r  the i n i t i a l  eject ion veloci t ies  of 
fragments during c r a t e r  excavation. He has made some correlat ions with lab- 
oratory experiments, but i t  i s  of i n t e r e s t  t o  apply the model t o  a large 
lunar c ra te r .  We compare Ivanov's b a l l i s t i c  eject ion conditions with those 
of Shoemaker ( 2 ) .  

Based on theoret ical  arguments descript ive of a  point-impact on the sur- 
face of an incompressible f l u i d ,  Ivanov expects the t a rge t  material t o  be 
ejected a t  the surface with speed V ,  according t o  the re la t ion  

V = VR(R/ro) 
3 

(1 

where ro i s  distance from impact center ,  R i s  the t rans ient  c ra te r  radius,  
and V R  i s  the  eject ion speed a t  r, = R .  From mater a1 strength considera- 
t ions he obtains values between 0.02 and 0.05 km s-1 for  V R  i f  the t a rge t  
i s  sol id rock. Assuming R = 30.5 km and applying b a l l i s t i c  equations for  
various eject ion angles, measured w i t h  res ec t  t o  the t a rge t  surface,  we 
have calculated the range from Equation (1 ! and plotted the r e su l t s  in the 
Figures. The family of curves shown as sol id l ines  r e su l t s  by choosing 
three values o V R  spanning Ivanov's prediction for  sol id rock (0.02, 0.03, f and 0.05 km s' ) .  

The Shoemaker b a l l i s t i c  model (2)  i s  based on observations of the posi- 
t ions of 975 secondary c ra te r s  around Copernicus. For the  fragments causing 
those secondary c r a t e r s ,  he derives simultaneous values of eject ion speed, 
eject ion angle, and eject ion position with respect t o  impact center.  
Oberbeck (3)  has discussed the Shoemaker model in de ta i l  and points out tha t  
the model i s  implausible fo r  a  small amount of mass d i rec t ly  under impact 
center and tha t  the angular range ( 6  t o  22 degrees) may be too large (4 ) ;  
however, he (3)  notes tha t  the major r e su l t s  of the Shoemaker model a re  in 
good accord w i t h  numerous other data.  For example, s tudies of herringbone 
patterns ( 5 )  agree with the Shoemaker model in the specif icat ion of an angu- 
l a r  range between 14 and 22 degrees as being responsible for  the secondary 
cra ters .  Also, Oberbeck (3)  shows t h a t ,  by incorporating a c ra te r  formation 
r a t e  scaled u p  from laboratory experiments, the Shoemaker model for  indivi-  
dual par t ic le  t r a j e c t o r i e s  yields a  conical ejecta plume shape similar  to  
lab experiments. I t  may thus be seen tha t  there i s  considerable observa- 
tional support for  major aspects of the Shoemaker model (2) of b a l l i s t i c  
eject ion from Copernicus. To compare d i rec t ly  with Ivanov's Equation ( I ) ,  - 

one may derive from the  Shoemaker model the following re la t ion  between 
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e j e c t i o n  v e l o c i t y  V and e j e c t i o n  p o s i t i o n  ro: 

Comparing Equat ions  (1)  and (2) ,  a  major  i n c o m p a t a b i l i t  o f  t h e  two 
models i s  revea led  b y  t h e  extreme d i f f e r e n c e  between t h e  rO-j  and ro -1  ~ 3 3  
f a c t o r s .  T h i s  d iscrepancy i s  c l e a r l y  i l l u s t r a t e d  i n  t h e  F igures ,  wherein we 
have shown curves o f  e j e c t a  range b o t h  i n  terms o f  e j e c t i o n  ang le  ( F i g u r e  1 )  
o r  e j e c t i o n  p o s i t i o n  ( F i g u r e  2 ) ,  w i t h  t h e  Shoemaker model g i ven  as t h e  d o t t e d  
curve.  The h o r i z o n t a l  d o t t e d  1  i n e  d i s t i n g u i s h e s  d i f f e r e n t  r e g i o n s  o f  depo- 
s i t i o n :  Shoemaker's i n p u t  data  d i d  n o t  i n c l u d e  t h e  cont inuous r i m  depos i t s ,  
so t h a t  t h e  curves shou ld  o n l y  be compared i n  t h e i r  d e s c r i p t i o n s  o f  t h e  
secondary c r a t e r s .  I t  i s  seen t h a t  about  t h e  o n l y  way t h e  Tvanov model 
c o u l d  y i e l d  t h e  p roper  d i s t r i b u t i o n  o f  secondar ies i s  t o  make V R  c o n t i n u o u s l y  
v a r i a b l e ,  which does n o t  seem t o  have any obvious j u s t i f i c a t i o n .  That  i s ,  
i n s t e a d  o f  changing t h e  "constan " V R  i n t o  a  v a r i a b l e ,  one may w ish  t o  exam- 
i n e  t h e  poss i  b i l  i ty  t h a t  t h e  ro'3 dependence rep resen ts  an unreasonably h i g h  
v e l o c i t y  g r a d i e n t .  

Wh i le  t h e  Shoemaker model has d e f e c t s  and i s  p robab ly  n o t  a  un ique so lu -  
t i o n  t o  t h e  problem, i t  never the less  does p r o p e r l y  d e s c r i b e  t h e  observed 
secondary c r a t e r  d i s t r i b u t i o n  around Copernicus. I n  i t s  p resen t  f o r m u l a t i o n ,  
I v a n o v t s  model does n o t  seem t o  o f f e r  a  reasonab le  a l t e r n a t i v e  d e s c r i p t i o n ,  
a t  l e a s t  f o r  such a  l a r g e  c r a t e r .  

T h i s  s tudy  was supported by  NASA NSG-07026. 
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SECONDARY CRATERS 
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