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Ev idence  i n d i c a t i n g  a p o s s l b i e  M a r t i a n  o r l g l n  f o r  t h e  S h e r g o t t l t e ,  
N a k h l i t e ,  and C a s s i g n i t e  m e t e o r l t e s  has m o t i v a t e d  l n t e r e s t  i n  f i n d l n g  a 
mechanism t o  d e l i v e r  l l g h t l y  shocked samples o f  rock from Mars t o  t h e  Earth. 
One p o s s i b l e  mechanism 1s t h e  r e c e n t l y  proposed model o f  Melosh (1 1, 
descr ib ing  t h e  physlcs c o n t r o l l i n g  t he  s l z e  and v e l o c i t y  o f  spa l led  ejecta.  I n  
an a t t e m p t  t o  p r o v i d e  e x p e r i m e n t a l  d a t a  t o  t e s t  t h l s  s p a l l a t l o n  model, a 
s e r i e s  o f  e x p e r i m e n t s  has been d e v e l o p e d t o  d e t e r m i n e  spa1 I v e l o c i t i e s  f o r  
impacts i n t o  competent rock. 

S p a l l a t i o n  1s t h e  dynamic t e n s l l e  f a i l u r e  o f  m a t e r l a l  due t o  t h e  
i n t e r a c t  lon  o f  a s t r ess  wave and a r e f  l ected r a r e f a c t i o n  wave. Accord i ng t o  
t he  Melosh model, s p a l l  v e l o c i t y  and th lckness can be ca lcu la ted  us lng s lmple 
p r o j e c t  1 l e character  i s t  l c s  (e.g. dens 1 ty,  d iameter, and 1 mpact v e l o c i t y )  and 
t h e  mater la1 p rope r t l es  o f  t h e  rock (e.g. density, sound speed, and strength).  
The model 1s based on t h e  concept o f  a spher ica l  "detached shockt1 originating 
from a t h e o r e t i c a l  "depth o f  bu rs tw  i n  a manner s i m i l a r  t o  t h a t  o f  exp los ion 
c r a t e r 1  ng. T h i s  shock I s  c h a r a c t e r i z e d  by a r l s e  t i m e  and decay t l m e  wh l ch  
a l l o w  t h e  d i r e c t  s t r e s s  wave and t h e  r e f l e c t e d  wave t o  I n t e r f e r e .  T h i s  
ln te r fe rence  1s such t h a t  ma te r i a l  near t h e  surface does no t  rece ive  t h e  f u l l  
compression o f  t h e  shock wave. Thus t h l s  model provldes a poss ib le  mechanism 
f o r  rernovlng l i g h t l y  shocked ma te r i a l  f rom p lanetary  surfaces. 

Several s p a l l  v e l o c i t y  measurements have been made a t  t he  Caltech shock 
wave laboratory.  The projectiles were alumlnum and lead b u l l e t s  f i r e d  from a 
30/06 r 1 f l e a t  t a r g e t s  o f  San Marcos gabbro (F igure  1 a). The 1 mpact ve l oc i t y  
i n  these exper 1 ments was near 1 km/sec. Spa1 l v e l o c i t i e s  were measured us i  ng 
f l a s h  x - ray  pho tography  t o  r e c o r d  t h e  f I l g h t  o f  t h e  spa1 I  f r agmen ts  0.3msec 
a f t e r  l m p a c t  ( F i g u r e  lb,c). A t  t h i s  t l m e  t h e  s p a l l  f r agmen ts  had n o t  y e t  
comp l e t e  I y separated from t h e  t a r g e t  rock. The resu l t i ng v e r t i c a l  ve l oc 1 t 1 es 
were 11 m/sec and 17 m/sec f o r  t h e  l ead  and a I um lnum bu I l e t s ,  r e s p e c t  1veI  y. 
Th is  1s approximately 2% o f  t h e  impact v e l o c i t y  and 5-80 t lmes  lower than t h e  
v e r t l c a l  v e l o c i t y  p red ic ted  by t he  Melosh model. However, t he re  a r e  a number 
o f  reasons which could expl a i n  t h l s  discrepancy. The most obvious problem i s  
t h a t  t he  Melosh model 1s designed f o r  p lanetary  sca le  Impacts. Th ls  includes 
t he  assumption t h a t  t h e  spa l l  th lckness 1s much less than any o ther  dimension, 
ye t  i n t h e  above exper 1 ments t h e  spa1 l th ickness was comparable t o  both t he  
p r o j e c t  i I  e d larneter and t he  c r a t e r  depth. Second l y, a t  an 1 mpact v e l o c i t y  
o f  1 km/sec t h e  c r a t e r  i ng p rocess  i s  e x t r e m e l y  s t r e n g t h  dom 1 nated, and t h e  
l n l t l a l  wave f r o n t  1s an e l a s t l c  wave as opposed t o  a shock wave. 

A second s e t  o f  measurements were made u s i n g  t h e  I l g h t  gas gun a t  t h e  
Ames V e r t i c a l  Gun Range t o  ob ta l  n lmpact v e l o c l t l e s  f rom 1.4-6.5 km/sec. The 
p r o j e c t i l e s  were 1/8tt i r o n  and alumlnum spheres f i r e d  a t  San Marcos gabbro and 
San Gabr ie l  anor thos i te .  I n  addi t ion,  t h e  Dynafax model 350 f ramlng camera was 
used a t  a f raming r a t e s  o f  9000-35,000 frames/sec t o  p rov ide  a complete record 
o f  t h e  spa I  l a t  ion  process. 

Anal ys 1 s o f  t h e  f  I I  ms showed spa I  l s t r a v e l  1 ng a t  a range  o f  v e r t l c a l  
v e l o c i t l e s  and i n i t i a l  angles.  Fo r  one p a r t i c u l a r  l m p a c t  o f  4.6 km/sec, 
v e l o c  i t i e s  f  rom 0.6 t o  25 m/sec were measured. The maxl  mun v e l o c i t y  o f  25 
m/sec was on l y  0.5% o f  t h e  lmpact v e l o c l t y  which 1s even less promis ing than 
t h e  r e s u l t s  f rom t h e  low v e l o c i t y  impacts. However, t h l s  measurement was made 
1.2msec a f t e r  1 mpact, and t h e  spa1 I had a l ready comp l e t e l  y separated from t h e  
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t a r g e t .  Once t h e  spa1 l i s  f r e e l y  f l y i n g  it beg ins  t o  s p i n  and tumb le  wh ich  
decreases t h e  n e t  t r a n s l a t i o n a l  v e l o c i t y .  Some s p a l l s  were a l s o  observed 
fragmenting I n  f l i g h t  whlch f u r t h e r  a l t e r s  the  veloc i ty .  

A t heo re t i ca l  v e r t i c a l  v e l o c i t y  range o f  2.3-15 m/sec was calculated f o r  
t h e  above i mpact. Th i s  fa1 l s  w l t h  1 n  t h e  range o f  observed v e l o c i  t 18s. I n  
addit ion, a  spa1 l thlckness o f  4mm was calculated from the  Melosh model. Thls 
agrees w i t h  the  measurements o f  2-5mm f o r  t he  actual spal l layer. I n  general, 
t h e r e  I s  much b e t t e r  agreement o f  t h e  da ta  w l t h  t h e  model a t  h i g h e r  lmpact  
ve loc i t les ,  even though the  spa l l  thlckness I s  now greater  than the  p roJec t l l e  
radius. 

A l though t h e  o b s e r v a t i o n s  show t h a t  t h e  s p a l l  v e l o c i t i e s  e v o l v e  i n  a  
comp l icated manner, they are a1 l low w l t h  respect t o  t he  I mpact vel  oc i t y .  
Thus it seems t h a t  It would be d i f f i c u l t  t o  t o  remove rocks from the  surface 
o f  Mars a t  5  km/sec. However, t he  v a r i a t i o n  o f  spa l l  v e l o c i t y  w i t h  p r o j e c t i l e  
diameter a t  a  f l xed  impact v e l o c i t y  has no t  ye t  been observed. 

F i g u r e  1: a) Sketch o f  expe r imen ta l  c o n f i g u r a t i o n  f o r  s p a l l  v e l o c i t y  
measurements a t  low lmpact ve loc i t les .  The p r o j e c t i l e  v e l o c i t y  I s  determined 
by a  counter measurlng the  t lme  in te rva l s  as the  p roJec t i l e  breaks the  laser 
beams. The lasers a l so  ac t l va te  other  counters which i n  t u r n  t r i g g e r  t he  x-ray 
tubes. The f i r s t  x - ray  exposure, b), i s  taken Immed l a t e  l y  b e f o r e  impact  and 
shows the  p r o j e c t i l e  I n  f l i g h t .  The second exposure, c), i s  taken approlmately 
0.3 msec la te r .  Spal l vel oc i t i es can be measures d  l r e c t  l y  f rom t h  I s  exposure. 
In  add it Ion t o  the  spa l I s, f as te r  mov i ng rock e jec ta  and p ro jec t  1 I e  fragments 
are a l s o  v l s i b l e .  
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