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Formation of l a b o r a t o r y  impact c r a t e r s ,  l a b o r a t o r y  explosion c r a t e r s  
and l a r g e r  N.T.S. explosion c r a t e r s  have been s tud ied  t o  determine the  
e f f e c t s  of e j e c t i o n  o f  m a t e r i a l  from l a r g e  lunar  impact c r a t e r s  on d i s t a n t  
t e r r a i n .  High-speed motion p i c t u r e s  of l a r g e  explosion c r a t e r s  formed a t  
sca led  depths  of b u r s t  t h a t  s imulate  impact c r a t e r  formation (Baldwin, 1963 
and Oberbeck, 1971) show t h a t  most of the  m a t e r i a l  i s  e j e c t e d  from l a r g e  
c r a t e r s  a t  ang les  t h a t  a r e  s i m i l a r  t o  those  f o r  m a t e r i a l  e j e c t e d  from small  
impact c r a t e r s .  Impact, break-up, and mixture of t h i s  m a t e r i a l  wi th  sec- 
ondary c r a t e r  e j e c t a  a r e  respons ib le  f o r  formation of t h e  d u s t  a e r o s o l  t h a t  
produces base su rges .  Primary c r a t e r  e j e c t a  and t h e  e j e c t a  of secondary 
c r a t e r s  mix wi th  t h e  expanding a i r  cloud. Because t h e r e  i s  no lunar  atmo- 
sphere ,  lunar  base surges  of t h i s  type w i l l  n o t  occur. Ins tead  m a t e r i a l  
e j e c t e d  from l a r g e  lunar  c r a t e r s  produces a combined r a d i a l  d e p o s i t i o n a l  and 
c r a t e r i n g  regime t h a t  mixes p re -ex i s t ing  m a t e r i a l s  wi th  b a s i n  o r  c r a t e r  
e j e c t a .  

Study of t h e  herr ingbone p a t t e r n  a s s o c i a t e d  with lunar  secondary 
c r a t e r s  has  shown t h a t  fragments producing them were e j e c t e d  from c r a t e r s  
l i k e  Copernicus a t  ang les  l e s s  than 30" measured from t h e  h o r i z o n t a l .  This 
knowledge toge ther  with knowledge of range of t h e  secondary from the  p r i -  
mary c r a t e r  permits  one t o  e s t i m a t e  t h e  p a r t  of the  emplaced d e p o s i t  t h a t  i s  
mass e j e c t e d  from t h e  l o c a l  t e r r a i n  r e l a t i v e  t o  t h e  p a r t  t h a t  i s  primary 
c r a t e r  e j e c t a .  This e s t i m a t e  i s  obta ined both by d i r e c t  s imulat ion of 
secondary c r a t e r s  and by computation. 

Simulat ion of secondary c r a t e r  formation and c a l c u l a t i o n s  based on 
measurements of secondary c r a t e r s  and energy-size s c a l i n g  r e l a t i o n s h i p s  f o r  
c r a t e r  format ion i n d i c a t e  t h a t  t h e  propor t ion of primary c r a t e r  e j e c t a  i n  
secondary c r a t e r  d e p o s i t s  decreases  wi th  t h e  d i s t a n c e  of t h e  d e p o s i t  from 
t h e  primary c r a t e r  o r  bas in .  For example, i f  secondar ies  of O r i e n t a l e  bas in  
a r e  p r e s e n t  near  t h e  Apollo 16 landing s i t e ,  any d e p o s i t s  a s s o c i a t e d  wi th  the  
O r i e n t a l e  event  would be s c a t t e r e d  i n  a d iscont inuous  manner about the  i s o -  
l a t e d  secondar ies  and t h e  m a t e r i a l  from O r i e n t a l e  bas in  would be a t  most 
about 12% of t h e  d e p o s i t .  The remainder i s  l o c a l  m a t e r i a l .  On t h e  o t h e r  
hand, the  p ropor t ion  of primary c r a t e r  e j e c t a  i n  t h a t  p a r t  of the  Cayley 
Formation emplaced by a nearby highland c r a t e r  can be much h igher .  These 
f ind ings  support  t h e  i n t e r p r e t a t i o n s  t h a t  l o c a l  and reg iona l  c r a t e r s  had an  
important e f f e c t  on t h e  h i s t o r y  and petrology of t h e  Apollo 16 s i t e  (Head, 
1973; Oberbeck e t  a l .  , 1973). 

Addi t iona l  c a l c u l a t i o n s  show t h a t  t h e  t o t a l  mass e j e c t e d  by a l l  sec- 
ondar ies  of a primary c r a t e r  can be a s i g n i f i c a n t  f r a c t i o n  o r  m u l t i p l e  of 
t h e  t o t a l  mass e j e c t e d  from t h e  primary c r a t e r .  The c r a t e r i n g  mechanics 
a n a l y s i s  p r e d i c t s  l a r g e  mass wasting d e p o s i t s  produced by formation of sec-  
ondary c r a t e r s  i n  o r  near  depress ions  of t h e  highlands  and i n  i n t e r c r a t e r  
areas tha t  a r e  t h e  s i t e s  of i n t e n s e  bombardment by m a t e r i a l  e jec ted  from the 
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primary c r a t e r s .  This m a t e r i a l ,  however, w i l l  c o n s i s t  of r a t h e r  h igh pro- 
p o r t i o n s  of e j e c t a  of p r e - e x i s t i n g  l o c a l  and reg iona l  highland c r a t e r s .  So, 
i n  a d d i t i o n  t o  f a l l b a c k  b r e c c i a  and e j e c t a  b lanke t s  of l o c a l  c r a t e r s  sec-  
ondar ies  of l o c a l  and d i s t a n t  c r a t e r s  have eroded t h e  rims of l o c a l  c r a t e r s  
and t h e  highland m a t e r i a l s  i n t o  depress ions  t o  c o n t r i b u t e  t o  t h e  Cayley 
Format ion.  

Smooth p l a i n s  m a t e r i a l s  i n  a  depress ion  n o r t h e a s t  of c r a t e r  Tycho a r e  
shown t o  be a d j a c e n t  t o  and downrange from s a t u r a t e d  f i e l d s  of Tycho sec-  
ondar ies  on t h e  highlands .  The secondar ies  must have e j e c t e d  m a t e r i a l  of t h e  
highlands  i n t o  these  smooth p l a i n s  a r e a s  and con t r ibu ted  a  s i g n i f i c a n t  amount 
of m a t e r i a l  of highland composition t o  t h i s  smooth p l a i n s  u n i t  dur ing 
Copernican t ime. Ca lcu la t ions  show t h a t  approximately 112 of t h e  mass em- 
placed i n  t h i s  smooth p l a i n s  u n i t  by Tycho i s  m a t e r i a l  from t h e  highlands  and 
112 i s  Tycho e j e c t a .  This smooth p l a i n s  u n i t  ad jacen t  t o  a  zone of s a t u r a t e d  
secondary c r a t e r s  suggests  t h a t ,  i f  l a r g e r  continuous u n i t s  of smooth p l a i n s  
a r e  t o  be r e l a t e d  t o  t h e  formation of a  s i n g l e  c r a t e r  o r  b a s i n ,  they must 
occur near  the  zone of s a t u r a t e d  secondary c r a t e r s  of t h a t  primary c r a t e r  o r  
bas in .  Secondary c r a t e r s  a t  g r e a t e r  d i s t a n c e s  from the  source  could produce 
only discont inuous  d e p o s i t s  because t h e  secondary c r a t e r s  a r e  separated out-  
s i d e  the  s a t u r a t e d  zone. 

The a s s o c i a t i o n  of s a t u r a t e d  secondar ies  of c r a t e r  Tycho with ad jacen t  
smooth p l a i n s  i s  used as  a  p o s s i b l e  exp lana t ion  of t h e  observed r e l a t i o n s h i p s  
between t h e  l i n e a t e d  pre-Imbrium t e r r a i n  and the  a d j a c e n t ,  much l a r g e r  
patches of smooth p l a i n s  u n i t s  i n  t h e  southern highlands .  The l i n e a t e d  
t e r r a i n  has  been considered by previous i n v e s t i g a t o r s  t o  be a  r e s u l t  of 
e i t h e r  f a u l t i n g  a s s o c i a t e d  with formation of the  Imbrium b a s i n  o r  Imbrium 
secondary c r a t e r i n g .  I f  t h e  l i n e a t e d  t e r r a i n  i s  produced by secondar ies  of 
Imbrium, these  c r a t e r s  could have e j e c t e d  l a r g e  q u a n t i t i e s  of highland 
m a t e r i a l  i n t o  depress ions  l i k e  Ptolemaeus c r a t e r  and a t  t h e  Apollo 16 landing 
s i t e .  I f  s o ,  t h e  p a r t  of t h e  Cayley Formation emplaced by the  Imbrium event  
would be a t  most about 20% Imbriurn e j e c t a  and a t  l e a s t  80% e j e c t a  from the  
l o c a l  h ighlands .  Other pos t  Ptolemaeus l o c a l  h ighland c r a t e r s  have a l s o  
eroded t h e  highlands  and c r a t e r  rims and added t h i s  m a t e r i a l  and primary 
c r a t e r  e j e c t a  t o  t h e  Apollo 16 s i t e .  The percentage of primary c r a t e r  e j e c t a  
i n  m a t e r i a l  con t r ibu ted  by l o c a l  c r a t e r s  i s  considerably  h igher .  Some smooth 
p l a i n s  u n i t s  might a l s o  c o n s i s t  p a r t i a l l y  of f a l l b a c k  b r e c c i a s ,  impact mel t s  
o r  vo lcan ic  d e p o s i t s .  

Appl icat ions  of the  c r a t e r i n g  theory t o  cons idera t ion  of o r i g i n  of 
m a t e r i a l s  of t h e  Fra  Mauro Formation a r e  d i scussed .  It i s  concluded t h a t  
much of t h e  m a t e r i a l  of t h i s  formation i s  a l s o  der ived from the  l o c a l  
t e r r a i n  and i t  has  been mixed wi th  e j e c t a  from the  Imbrium basin .  These con- 
c l u s i o n s  a r e  supported by observat ions  of the  n a t u r e  of t h e  b a s a l  u n i t s  of 
t h e  continuous d e p o s i t s  of t h e  Ries c r a t e r .  They con ta in  s i g n i f i c a n t  
d e p o s i t s  of l o c a l  m a t e r i a l  t h a t  were c r a t e r e d  by Ries e j e c t a .  
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