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The l u n a r  s u r f a c e  herringbone p a t t e r n  i s  a s s o c i a t e d  wi th  many l u n a r  sec- 
ondary c r a t e r s .  The herringbone p a t t e r n  i s  important because it may r e v e a l  
t h e  cond i t ions  of formation o f  t h e  secondary c r a t e r s ,  and t h i s  may, i n  t u r n ,  
r e v e a l  informat ion about t h e  format ion o f  t h e  pa ren t  c r a t e r s .  I d e n t i f  i c a t  :on 
o f  secondary c r a t e r s  based on t h e  presence of t h e  herringbone p a t t e r n  i s  a l s o  
important t o  t h o s e  i n t e r e s t e d  i n  d i s t i n g u i s h i n g  i s o l a t e d  secondary c r a t e r s  
from primary c r a t e r s .  I n  a d d i t i o n ,  i d e n t i f i c a t i o n  of such i s o l a t e d  c r a t e r s  
nay demonstrate long range t r a n s p o r t  of e x o t i c  components t o  l o c a l  mare 
m a t e r i a l  of a  d i f f e r e n t  composition. 

The herr ingbone p a t t e r n  has been observed on t h e  Apollo met r i c  and pan- 
oramic photographs and s e l e c t e d  Lunar O r b i t e r  photographs. The f e a t i l r e s  a r e  
desc r ibed  i n  t h i s  paper and compared t o  t h e  fea+ures  produced i n  t h e  labora-  
t o r y  under cond i t ions  of v e l o c i t y  and impact angle  t h a t  wou-ld have been nec- 
e s s a r y  t o  form l u n a r  secondary c r a t e r s .  The r e s u l t s  a r e  u.sed t o  i n f e r  t h e  
cond i t ions  of format ion 'of c e r t a i n  l u n a r  secondary c r a t e r s  and t o  i d e n t i f y  
secondary inpac t  c r a t e r s  not  obviously  r e l a t e d  t o  any given paren t  c r a t e r .  

The l u n a r  herringbone p a t t e r n  has been descr ibed i n  a s s o c i a t i o n  wi th  
2 l u n a r  secondary c r a t e r s  su-rrounding Copernicus cra te$)  . It c o n s i s t s  of s e t s  

of s e p a r a t e  and i n t e r s e c t i n g  V shaped r i d g e s  t h a t  r a d i a t e  from t h e  p o i n t  of 
over lap  o f  ad jacen t  secondary c r a z e r s .  Typical ly ,  t h e  b i s e c t o r  of t h e  V 
shaped r i d g e  i s  n e a r l y  p a r a l l e l  wi th  t h e  r a d i a l  t o  t h e  pa ren t  c r a t e r .  The 
p o i n t s  o f  t h e  Vs u s u a l l y  p o i n t  t o  t h e  pa ren t  c r a t e r .  When found i n  c l o s e  
proximity  t o  one ano ther  t h e y  form t h e  herringbone p a t t e r n .  V shaped r i d g e s  
have been observed i n  t h e  e j e c ~ a  b lanke t s  of C o ~ e r n i c u s ,  Kepler, A r i s t a r c u s ,  
Timocaris Tycho, Lambert, and o t h e r s .  I n  a l l  cases  t h e  V shaped. r i d g e s  
r a d i a t e  from secondary c r a t e r s  o r  secondary c r a t e r  chains .  This suggests  
t h a t  t h e  herringbone patxern i s  a s s o c i a t e d  d i r e c t l y  wi;h format ion of second- 
a r y  c r a t e r s .  

A s e r i e s  of l abora to ry  impact exper i r -ents  were perforr.ed i n  t h i s  s tudy 
t o  determine whether t h e  p a t t e r n  cou-ld be produced i n  a s s o c i a t i o n  wi th  simul- 
taneous  product ion of irr-pact c r a t e r s .  ?or t h e s e  experiments t~.do p r o j e c t i l e s  
were launched i n t o  a  quar tz  sand t a r g e t  u :~der  cond i t ions  of impact v e l o c i t y  
and angle  t h a t  vould have been required t o  produce r-any of xhe l u n a r  second- 
a r y  c r a t e r s .  IT-pact v a r i a b l e s  evaluated includ-ed: impact angle,  impact 
v e l o c i t y ,  r e l a t i v e  si7,e of t h e  n r o j e c t i l e s ,  r e l a t i v e  Time of impact, and a z i -  
muth of t h e  P l i g h t  l i ~ ; e ,  a l l  of  which a r e  irr.2ortant secondary c r a t e r i n g  
v a r i a b l e s .  I n  a l l  e x n e r i r ~ e n t s ,  a  r i d g e  fcrmed between t h e  c r a t e r s ,  provided 
t h a t  a a t e r i a l  :.:as s t i l l  being e j e c t e d  froci t h e  f i r s t  c r a t e r  when t h e  second 
impact occurred.  However, t h e  included angle  cf t h i s  r i d g e  was t h e  same a s  
f o r  t h e  components of t h e  l u n a r  herringbone p a t t e r n  only  f o r  those  c r a t e r s  
produced by p r o j e c t i l e s  i r -pact ing a t  angles  g r e a t e r  than 70" from t h e  normal 
t o  t h e  t a r g e t  su r face .  Under t h e s e  cond i t ions  t h e  r i d g e  was very  s i m i l a r  t o  
t h e  components of t h e  lunar  herringbone p a t t e r n .  Observed changes i n  o r i e n -  
t a t i o n  of V shape6 r i d g e s  of l a b o r a t o r y  c r a t e r  p a i r s  caused by changes i n  
azimuth of t h e  c r a t e r  p a i r s  r e l a t i v e  t o  f l i g h t  l i n e  resembled s i m i l a r  
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c h a r a c t e r i s t i c s  of lunar  secondary c ra t e r s .  These and o the r  s i m i l a r i t i e s  
suggest t h a t  t h e  lunar  herringbone pa t t e rn  i s  produced a s  a r e s u l t  of c o l l i -  
sion of mater ia l  e j ec t ed  from two adjacent impact c r a t e r s  formed a t  nearly t h e  
same time. This conclusion i s  supported by observation of high speed motion 
p i c tu re s  of growth of t h e  c r a t e r s  produced near one another a t  t h e  same time. 
Mater ial  e j ec t ed  from one c r a t e r  co l l i des  with t h a t  e jec ted  from the  o ther  
and a zone of c o l l i s i o n  products forms and i s  deposited i n  t h e  t a r g e t  surface. 
The hypothesis i s  f u r t h e r  supported by an idea l ized  mathematical model of t h e  
simultaneous production of two c r a t e r s  by normal impact of two p ro j ec t i l e s .  
In t h i s  model, t h e  equations of motion of p a r t i c l e s  e j ec t ed  from two growing 
c r a t e r s  a r e  used i n  conjunction with t h e  equations of conservation of momen- 
tum t o  ca l cu la t e  t h e  x, y coordinates of t h e  p a r t i c l e s  a f t e r  impact. Results 
of t he  model ca lcu la t ion  show a concentration of impact po in ts  i n  a zone be- 
tween t h e  c r a t e r s  and perpendicular t o  t h e  ax i s  of symmetry of t h e  c r a t e r s .  
Thus, t he  r idges associated with both lunar secondary c r a t e r s  and laboratory 
c r a t e r s  a r e  produced a s  a r e s u l t  of changes i n  t h e  x component of ve loc i ty  of 
mater ia l  e jec ted  from one c r a t e r  and co l l i d ing  with mater ia l  e jec ted  from t h e  
o ther  c r a t e r .  

In  summary, t h e  herringbone pa t t e rn  can be explained a s  forming from t h e  
in t e rac t ion  of mater ia l  e jec ted  from adjacent secondary c r a t e r s  forming a t  
nearly t h e  same time. Thus, many of t he  secondary c r a t e r s  t h a t  a r e  assoc ia t -  
ed with t h i s  pa t t e rn  have been formed by impact of material ,  and t h e  impact 
angle measured from t h e  l o c a l  normal was probably g rea t e r  than 70". Many 
c r a t e r  chains not obviously associated with parent primary c r a t e r s  can now be 
iden t i f i ed  a s  secondary impact c r a t e r s  from t h e  presence of V shapederidges.  
Moreover, discovery of these  secondary c r a t e r s  a t  g rea t  dis tances from any 
possible  parent c r a t e r  suggests widespread mixing of lunar  surface mater ial .  
Some c r a t e r  chains t h a t  a r e  considered t o  be of volcanic o r ig in  may ac tua l ly  
be secondary impact c r a t e r s .  For example, wel l  developed r idges have been 
observed t o  r a d i a t e  f ron  the  point  of c r a t e r  overlap of adjacent c r a t e r s  i n  
t he  Davy Crater  chain. 
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