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Two continuum mechanics computer c a l c u l a t i o n s  of t h e  impact of a  62 m 
diameter  i r o n  p r o j e c t i l e  (1012 g) i n t o  a  gabbroic  a n o r t h o s i t e  t a r g e t  h a l f -  
space a t  5 km/s (GAL) (1023 e r g s  producing a  900 m diameter c r a t e r )  and a t  
15.8 kmls (GA2) e r g s  producing a  2000 m diameter  c r a t e r )  have been 
analyzed i n  terms of Maxwell's Z-Nodel. The method of a n a l y s i s  i s  t h a t  r e p o r t -  
ed by Aust in  e t  a l .  (1) where i t  was app l ied  t o  t h e  l abora to ry-sca le  impact 
of an aluminum p r o j e c t i l e  i n t o  p l a s t i c e n e  c l a y  a t  6 km/s. The p r i n c i p a l  con- 
c l u s i o n s  of (1) hold  h e r e  a l s o .  The Z-Model provides  i n  many ways a  good 
d e s c r i p t i o n  and a n a l y s i s  of t h e  c r a t e r i n g  flow f i e l d .  The Z parameter which 
c h a r a c t e r i z e s  t h e  shape of t h e  f low f i e l d  i s  t i m e  dependent wi th  r e s p e c t  t o  
any f i x e d  flow f i e l d  c e n t e r .  Time dependence of Z means t h a t  t h e  f low occurs  
along time dependent s t r e a m l i n e s .  

The Kaxwell Z-Model has  been p rev ious ly  desc r ibed  i n  d e t a i l  (1 ,2 ,4 ,5 ) .  
An e s s e n t i a l  obse rva t ion  of t h e  Z-Model i s  t h e  r e g u l a r  power law decay of t h e  
r a d i a l  component of t h e  f low f i e l d  p a r t i c l e  v e l o c i t y .  I n  a  s p h e r i c a l  p o l a r  
coord ina te  system cen te red  a t  a  f low f i e l d  c e n t e r  beneath  t h e  p o i n t  of impact 
and on t h e  a x i s  of c y l i n d r i c a l  symmetry, R  i s  t h e  r a d i a l  d i s t a n c e  from t h i s  
c e n t e r  t o  a  given p o i n t  i n  t h e  c r a t e r i n g  flow f i e l d  and 8 i s  t h e  angle  
measured from t h e  v e r t i c a l l y  downward d i r e c t i o n .  The f low f i e l d  can be 
desc r ibed  by: 

L ( e , t )  = a ( 0 , t ) R  - z ( e , t >  

0 

where R i s  t h e  r a d i a l  component of t h e  f low f i e l d  v e l o c i t y , a i s  a  time-depend- 
e n t  coupling term d e s c r i b i n g  t h e  flow f i e l d  s t r e n g t h ,  and Z d e f i n e s  t h e  r a t e  
of v e l o c i t y  decay w i t h  range R.  Time from impact i s  t .  

The c a l c u l a t i o n s  analyzed here  were performed by D.L. Orphal -- e t  d . ( 3 )  
and a r e  r e f e r r e d  t o  h e r e  a s  t h e  GA1 and GA2 c a l c u l a t i o n s .  The GA2 c a l c u l a t i o n  
i s  of an impact having 10 t imes t h e  k i n e t i c  energy of t h e  impact i n  t h e  GA1 

c a l c u l a t i o n .  - F i g u r e s  1 and 2 show average Z v a l u e s  f o r  p a r t s  of t h e  c r a t e r i n g  
flow f i e l d  between 0  ( v e r t i c a l l y  downward) and 30 and 60 degreees  f o r  t h e  GA1 
and GA2 c a l c u l a t i o n s  r e s p e c t i v e l y .  Fewer ana lyses  have been done f o r  t h e  GA2 
c a l c u l a t i o n .  An important  r e s u l t  i s  t h a t  no matter what f i x e d  flow f i e l d  
c e n t e r  i s  chosen, Z i s  t ime dependent t o  about the  same degree.  Another 
important and unexpected r e s u l t  i s  t h a t  f o r  the  same depth  f low f i e l d  c e n t e r  
and same p o r t i o n  of t h e  c r a t e r i n g  flow f i e l d ,  average Z va lues  a r e  about 
t h e  same f o r  t h e  two c a l c u l a t i o n s  a t  t h e  same a b s o l u t e  (not  s c a l e d )  t i m e s .  

The Z-Model p rov ides  a  convenient and powerful t o o l  f o r  summarizing some 
of t h e  f e a t u r e s  of impact c r a t e r i n g  f low f i e l d s .  
Acknowledgement-This work was supported by NASA under c o n t r a c t  NASW 3168. 

References-1.) Aust in  M. G. -- e t  a1. (1980) Proc.  Lunar P l a n e t  .Sci .  Conf . l l t h  
( i n  p r e s s ) .  2  .) Thomsen J . M . e t  -- a1. (1979)Proc. Lunar P l a n e t  .Sci.Conf . l o t h ,  
p. 2741-2756 ,Pergarnon. 3 .) Orphal D.L. -- e t  al. (1980)Proc. Lunar P l a n e t  .Sci .  
Conf. l l t h ( i n  p r e s s )  . 4.) Maxwell D.E .  (1977) I n  Imp. and Expl. Cra te r ing  (Roddy, 
Pepin and Merr i1 l )p .  1003-1008,Pergamon. 5 .) Orphal D.L. (1977) I n  Imp. and 
Expl. Cra te r ing  ,p.  907-917 ,Pergamon. 

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



GA now FIELDS 

Austin, M. G. e t  a l .  

TIME msec 
Figure 1. Z values for calculation GA1 for flow f i e l d  centers a t  0 ,  30,  

60 ,  90 and 120 rn depth. Average Z values for indicated part of flowfield. 
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2.  Z v a l u e s  f o r  c a l c u l a t i o n  GAL' f o r  f low f i e l d  c e n t e r s  a t  0 ,  30,  60, 
.20, 150, and 180 m depth .  Average Z v a l u e s  f o r  i n d i c a t e d  p a r t  of 
f i e l d :  between 0  and 30 o r  between 0  and 60 degrees .  
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