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Exuerimente. Quar tz  send t a r g e t s  ( g r a i n  s i ze ;  0.063-0 25 mm) were impacted v e r t i c a l l y  w i t h  0.5-0.4 g  
aluminum epheres a t  5.9 t o  6.9 km/e i n  t h e  l i g h t  gee gun f a c i l i t y  o f  NASA Amma Rasearch Cantmr undar  an ambi- 
e n t  a i r  p ressure  o f  0.5- 3 mm(1, 2). Accord ing t o  impedance matching s o l u t i o n s  u a i n g  mmaaurad Hugon io t  cu rvaa  
o f  aluminum end q u a r t z  send, t h e  peek preeeurea ach ieved  i n  t h e  impac t  e x p e r i a a n t a  rang- from 42 t o  51 GPa a t  
the p o i n t  o f  impac t  (2) .  T h i e  magnitude o f  ahock p r e s s u r e  y i e l d s  s u f f i c i e n t  poat-ahock h e a t  upon p raaaura  ra-  
l ease  t o  t r a n s f o r m  p r o j e c t i l e  end t a r g e t  m a t e r i a l  i n t o  t h o  l i q u i d  s ta te .  Tha t h r e s h o l d  prmaaura f o r  ahock fu- 
s i o n  o f  send i e  es t ima ted  t o  be about  20 GPa (1, 3). S i l i c a  m e l t  egglomeratse coatmd w i t h  aluminum warm rmco- 
uered from the  c e n t r a l  bot tom o f  the  c r a t e r s ,  32 t o  33 cm i n  diemeter,end ana lyzed  by o p t i c a l ,  a l a c t r o n  o p t i -  
ca l ,  and microprobe methods. T h i s  i s  e  r e p o r t  on p r e l i m i n a r y  r e s u l t s  o f  euch analyaea. 

Resu l t s .  I n  o rde r  t o  understand the shock end the rma l  e f f e c t s  i n  b o t h  t h e  A l - p r o j e c t i l e  end t h e  r a n d  
t a r g e t ,  the pre- impact  p r o p e r t i e s  o f  b o t h  m a t e r i e l s  a r e  t o  be diecussed. The send i s  d r y  commerc ia l  eand o f  
more than 99 % quar tz .  The Al-epheres e re  composed o f  en A l - r i c h  a l l o y  w i t h  an epprox imata b u l k  compoa i t i on  o f  
95.6 w t . 5  A l ,  3.9 w t . 5  Cu end t r a c e s  o f  Si, Rg, Mn and Fe (Fig.1). R e f l e c t e d  l i g h t  microacopy rmvmala a  hata-  
rogeneous t e x t u r e  which i e  formed by randomly d i s t r i b u t e d  g l o b u l a  o f e x e o l v e d  Al-poor phaama i n  a  va ry  A l -  
r i c h  m a t r i x  (Fi9.2). The g l o b u l e s  c o n s i s t  o f  two pheaee which presumably r e p r a a e n t  an Al-CU- and an Al-Rn-al- 
l o y i  t h e i r  exac t  n a t u r e  end compoe i t i on  he8 n o t  y e t  been e s t a b l i s h a d  (Fig.?). The m e l t  apglommrataa (up  t o  
sewerel cm i n  s i z e )  recovered  from t h e  c r a t e r  bo t tom d i s p l a y  d i s t i n c t  t e x t u r a l  end c o m p o a i t i o n a l  zon ing  which 
r e f l e c t s  a  g r e d i e n t  o f  shock p ressure  and temperature.  Four  major  l a y e r e d  zonas con be d i s t i n g u i s h e d  i n  aac- 
t i o n s  taken p e r p e n d i c u l a r  t o  t h e  su r face  f rom t o p  t o  bo t tom (F ig.  3);  
1. l h e  top  a ide  of the  m e l t  agglomerate i e  coa ted  by p r o j e c t i l e  m e t a r i a l  which forms a  rugged c r u s t  o f  about  
0.4 mmthicknees. The b u l k  compoe i t i on  o f  t h i e  A l -c rue t  i e  ve ry  s i m i l a r  t o  t h a t  o f  t h e  u n s h o c k a d ~ p r o J a c t i l a  
( f i g .  1 ) .  However, the  m ic roscop ic  t e x t u r e  i s  d i e t i n c t l y  d i f f e r e n t  (Fig. 4)  and p r o b a b l y  f a  durn t o  m a l t i n g  
end subsequent c r y s t e l l i z e t i o n .  Large eubrounded A l - r i c h  m a t r i x  ereea a r e  embeddad i n  a  t h i n  wab-likm natwork 
o f  me ta l  pheees which show t y p i c a l  e u t e c t i c  c r y e t e l l i z e t i o n  t e x t u r e .  A t  l e a s t  3 d i f f e r e n t  phaama can ba idan-  
t i f i a d  w i t h i n  t h e  e u t e c t i c  areas by ecenning e l e c t r o n  microscopy. 
2 .  A t  the base o f  the  A l - c r u s t  a  t h i n  l a y e r  o f  m a t e r i e l  w i t h  low r e f l e c t i v i t y  forms the  c o n t a c t  t o  t h e  voai -  
c u l a t e d  s i l i c a  g l a s s  underneath and p redominan t l y  c o n s i s t s  o f  A1203. Very t i n y  spheres o f  a i l i c o n  ( 7 )  can be 
found adJacsnt t o  t h i s  l a y e r  w i t h i n  the  s i l i c a  g laas.  
3. The A l - c r u s t  and the  ox ide - laye r  a re  u n d e r l a i n  by e  l a y e r  o f  v e s i c u l a t e d  s i l i c a  glaem o f  v a r i a b l a  t h i c k -  . 
nee6 i n  which r e l i c  q u a r t z  g r s i n a  w i t h  p l a n e r  de fo rmat ion  s t r u c t u r e s ,  m e t a l  ephmree and i r r e g u l a r  bod iaa  o f  
me ta l  are embedded. The m e t a l  i s  heterogeneous i n  compos i t i on  end ve ry  o f t e n  surrounded by 8  f l o w - s t r u c t u r e d  
phase o f  A lp03- r i ch  compoe i t i on  w i t h  t i n y  i n c l u s i o n s  o f  m e t a l  epheree. The l a r g e  m e t a l  b o d i e s  arm compomed 3 1  
euhedra l  s i l i c o n  c r y s t a l s  embedded i n  en A l - r i c h  m e t a l  m a t r i x  which i s  ve ry  s i m i l a r  t o  t h a t  o f  t h e  Al-crust 
(F ig.  5). The m e t a l  spheru les  c o n e i e t  a lmost  e n t i r e l y  of a i l i c o n .  
4. The lowsrmoat l a y e r  forms a  compact aggregate o f  q u a r t z  g r a i n s  ("shock l i t h i l i e d  sandatone") i n  which Pl* -  
ne r  deformat ion e t r u c t u r e e  e r e  ve ry  r a r e  o r  l a c k i n g .  

I n t e r p r e t a t i o n .  H y p e r v e l o c i t y  impac t  o f  A l - p r o j e c t i l e s  i n t o  q u a r t z  eend r e e u l t e  i n  t h e  complmta m e l t i n g  
o f  the p r o J e c t i l e ,  p a r t i a l  m e l t i n g  o f  q u a r t z  send, end chemica l  r e a c t i o n s  betweon aluminum end s i l i c a .  Thm 
l i q u i d  p r o J e c t i l e  i s  spread over  t h e  dense, ahock l i t h i f i e d  t a r g e t  sand i n  t h e  c e n t e r  o f  t h e  c r a t e r .  I t  i m  
remarkable t h a t  a  me jo r  p a r t  of t h e  p r o j e c t i l e  i s  n e i t h e r  mixed i n t o  the  t a r g e t  m e t e r i a l  n o r  r a ~ c t a  w i t h  i t .  
Only a f r a c t i o n  o f  t h e  l i q u i d  m e t a l  which i s  a d j a c e n t  t o  t h e  fused send, r e a c t s  w i t h  s i l i c a  i n  a  s t r o n g l y  
exothermic r e e c t i o n  t o  fo rm a lumina end s i l i c o n .  The c r y s t a l l i z a t i o n  o f  s i l i c o n  c r y e t a l a  i s  most pronounced 
i n  mate l  d r o p l e t s  which were i n j e c t e d  i n t o  t h e  e i l i c a  m e l t  and r e l i c  q u a r t z  g re ine .  Alumina i a  quenchod from 
a  l i p i d  s t a t e  end tends t o  r e c r y s t a l l i z e  d e n d r i t i c a l l y .  T h i s  i m p l i e s  minimum tempereturee o f  a t  l a a a t  
2050 C. W i th  r e s p e c t  t o  t h e  volume o f  ahock-fused t a r g e t  m a t e r i e l  an i m p o r t a n t  c o n c l u e i o n  i e  t h a t  an apprac i -  
a b l e  p o r t i o n  o f  t h e  the rma l  energy f o r  t h e  p r o d u c t i o n  o f  impac t  m e l t  i e  p r o v i d e d  by the  chemica l  r e a c t i o n  
between p r o j e c t i l e  and t a r g e t .  The oppoe i te  h o l d s  f o r  t h e  case o f  n a t u r a l  m e t a l  p r o j e c t i l e s  ( F e - ~ i ) ,  f o r  
which the  co r respond ing  r e a c t i o n  would be endothermic.  

The r e s u l t s  o f  t h i s  s tudy beer  on the  unders tand ing  o f  r e g o l i t h - f o r m i n g  processes on p l a n e t a r y  eurfacee. I n  
a g g l u t i n a t e  p a r t i c l e s  of n a t u r a l  r e g o l i t h s  (8.9. l u n a r ,  a s t e r o i d a l )  i t  shou ld  be p o e a i b l e  t o  d e t e c t  remnants 
o f  the  m e t e o r i t i c  p r o j e c t i l e  m a t e r i e l  which was n o t  mixed w i t h  t h e  t a r g e t  m a t e r i e l .  The p r o j e c t i l e  ehou ld  be 
p reeen t  as fused  m e t a l  ( i r o n  m e t e o r i t e s )  o r  s i l i c a t e  m e l t  ( s t o n y  m e t e o r i t e e )  adher ing  t o  shock fueed end li- 
t h i f i e d  a g g l u t i n a t e s  which o r i g i n a t e  from s m e l l  s c a l e  c r a t e r i n g  even ts  i n  t h e  r e g o l i t h  o f  e l l  p l a n e t a r y  bo- 
d i e s  w i t h o u t  atmosphere. 
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Fig.  1: Chemical compos i t i on  o f  m e t a l  end o x i d e  F ig.  2: R i c r o e c o p i c  t e x t u r e  o f  unahocked A l - p r o J e c t i l e  

phases o f  m e l t  egglomeretea 
F ig.  3: Genera l i zed  c r o e s  s e c t i o n  th rough  t h e  l a y -  Fig. 4: A ic roecop ic  t e x t u r e  o f  t h e  shock fueed A l -c rue t  

a red  zones o f  an Al -coated m e l t  agglome- on t o p  o f  a  m e l t  egglomerete 
r a t e  

F ig.  5: M ic roscop ic  c roas  s e c t i o n  th rough  t h e  A 1  0  - r i c h  o x i d e  l a y e r  and t h e  s i l i c a  g l a s s  l a y e r  w i t h  m e t a l  
bod ies  i n c l u d i n g  euhedre l  s i l i c o n  c r y s t a z s 3  
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