
EXCESS DEPLETION OF Al, Ca, T i  FROM INTERSTELLAR GAS. Donald D, Clay ton ,  R ice  
U n i v e r s i t y .  Although d a t a  i s  somewhat v a r i a b l e ,  i t  does  n o t  a p p e a r  d i s t o r t e d  
by t h e  f o l l o w i n g  s t a t e m e n t :  t h e  f r a c t i o n  of i n t e r s t e l l a r  Mg - o r  Sf ( t y p i c a l  
r e f r a c t o r y  e lements )  r e s i d i n g  i n  t h e  g a s  phase  i s  a t  l e a s t  t e n  t imes  g r e a t e r  
t h a n  t h e  f r a c t i o n  of  Al o r  Ca ( s u p e r r e f r a c t o r y  e lements )  r e s i d i n g  i n  t h e  g a s  
p h a s e .  T h i s  seems i n e x p l i c a b l e  by t h e r m a l  c o n d e n s a t i o n  b e c a u s e  a l l  o f  t h e s e  
e lements  e v e n t u a l l y  condense  i n  a  t h e r m a l  c o o l i n g  g a s  u n l e s s  t h e '  c o n d e n s a t i o n  
sequence i s  a r t i f i c i a l l y  t e r m i n a t e d  immedia te ly  a f t e r  t h e  c o n d e n s a t i o n  o f  Ca* 
X t  a l s o  seems i n e x p l i c a b l e  by c o l d  s t i c k i n g  b e c a u s e  i t  r e q u i r e s  C.a t o  s t i c k  
t e n  times more e f f i c i e n t l y  t h a n  d o e s  Mg. It a l s o  seems i n e x p l i c a b l e  b e c a u s e  
s p u t t e r i n g  by i n t e r s t e l l a r  shock  waves shou ld  v a p o r i z e  s u r f a c e  Ca a s  e f f i -  
c i e n t l y  a s  i t  d o e s  s u r f a c e  Mg. 

A s e l f - c o n s i s t e n t  e x p l a n a t i o n  seems p o s s i b l e  by combining t h e s e  i d e a s  
w i t h  a  chemical  memory of t h e  c o n d e n s a t i o n  sequence .  Because AJb2O3 condenses  
p r i o r  t o  MgSi03, f o r  example,  t h e  r e f r a c t o r y  c a s e s  of ISM g r a i n s  s h o u l d  con- 
t a i n  Al - r i ch  c o r e s  su r rounded  by MgSi03 5 
mant les ,  a s  i l l u s t r a t e d  i n  t h e  f i g u r e ,  
t a k e n  from C l a y t o n  (1982, Q. J. Roy. 
Astron.  Soc. , 174) .  A s  a  r e s u l t ,  
i n t e r s t e l l a r  s h o c k s  must s p u t t e r  away t h e  
e n t i r e  MgSi03 m a n t l e  ( a s  w e l l  a s  any o v e r -  
l y i n g  c o l d - a c c r e t e d  mant le )  b e f o r e  spu t -  
t e r i n g  t h e  A l ,  The g r a i n  must b e  c o w  
p l e t e l y  d e s t r o y e d  b e f o r e  t h e  Al i s  even 
touched.  I t  t h e r e f o r e  becomes i m p o r t a n t  
i n  t h e  c o n s t r u c t i o n  of  c y c l i c a l  h i s t o r i e s  
f o r  ISM g r a i n s  t o  d i s t i n g u i s h  between 
s p u t t e r i n g  t h a t  on ly  removes 90% of  a  g r a i n  and s p u t t e r i n g  t h a t  t o t a l l y  
d e s t r o y s  each g r a i n  c o r e  (a  much more r e s t r i c t i v e  c o n d i t i o n ) .  ' f ie  same a rgu-  
ment a p p l i e s  t o  Ca and Ti  b e c a u s e  t h o s e  e l e m e n t s ,  l i k e  Al, t a k e  up i n i f i a E  
r e s i d e n c e  w i t h i n  t h e  s u p e r r e f r a c t o r y  c o r e s .  

Because o f  t h i s  s h i e l d i n g  a g a i n s t  s p u t t e r i n g ,  i t  a p p e a r s  t h a t  i n c o r p o r a -  
t i o n  i n t o  s t a r s  ( a s t r a t i o n )  i s  t h e  major d e s t r u c t i o n  mechanism f o r  s u p e r r e -  
f r a c t o r y  c o r e s ,  even  i f  s p u t t e r i n g  i s  t h e  m a j o r  mechanism f o r  c o n v e r t i n g  d u s t  
mass i n t o  g a s e o u s  mass. To r e t a i n  t h e  p r e f e r e n t i a l  d e p l e t i o n  of A l ,  t h e r e -  
f o r e ,  i t  a p p e a r s  n e c e s s a r y  and s u f f i c i e n t  t h a t  i n  a l l  s u b s e q u e n t  mass l o s s  t h e  
Al must a g a i n  r e c o n d e n s e  p r i m a r i l y  i n t o  r e f r a c t o r y  c o r e s  of g raPns .  That  i s ,  
Al i s  s o  d e p l e t e d  b e c a u s e  i t  is  n o t  e j e c t e d  i n  g a s e o u s  fo rm f ro~m s t a r s  e x c e p t  
w i t h  v e r y  low e f f i c i e n c y .  I n  t h e  u s e f u l  nomenc la tu re  SUNOCON r supernova con- 
d e n s a t e  ( t h e r m a l )  and STARDUST : s t e l l a r  t h e r m a l  c o n d e n s a t e ,  we would s a y  t h a t  
f r e s h l y  s y n t h e s i z e d  iil f i r s t  a p p e i r s  i n  SUNOCOK c o r e s  and a s t r a t e d  Al i s  r e i n -  
j e c t e d  i n  STARDUST c o r e s  ( C l a y t o n  1978,  ?loon and P l a n e t s  l9, 109) .  

The impor tance  of t h i s  e x t r a  d e p l e t i o n  of Al and Ca t h u s  becomes i t s  
i n d i c a t o r  of t h e  s t r u c t u r a l  h i s t o r y  of  t h e  r e f r a c t o r y  p a r c s  of  i n t e r s t e l l a r  
g r a i n s .  What i s  now needed i s  d e t a i l e d  n u m e r i c a l  mode l l ing  of fl-te t o t a l  cheic- 
i c a l  h i s t o r y  i n  c o o r d i n a t i o n  w i t h  d e t a i l s  o f  obse rved  d e p l e t i o n  p a t t e r n s .  




