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Of the  th ree  bas i c  types of meteor i tes  t h a t  f a l l  t o  Earth 
(s tone,  i ron  and s tony- i ron ) ,  the  s tony- i rons  a re  r a r e s t .  There 
a re  two main groups of s tony- i ron  meteori tes :  a l l a s i t e s ,  which 
a re  mixtures of m e t a l l i c  i r o n  and o l i v i n e ,  and + mesosi e r i t e s ,  
which a r e  mixtures of m e t a l l i c  i r o n  and b a s a l t i c  s i l i c a t e s .  
Although t h e r e  i s  general  agreement t h a t  p a l l a s i t e s  formed a t  
the boundary between a s i l i c a t e  (o l iv ine )  mantle and a m e t a l l i c  
core of a once-molten a s t e r o i d ,  i t  has proven much more d i f -  
f i c u l t  t o  reach agreement on the  o r i g i n  of mesosider i tes .  

Basa l t s  a r e  formed by p a r t i a l  (general ly  5 - 1 0 % )  melting of 
mantle rocks  followed by the  squeezing ("extrusion") of the li- 
quid o u t  onto the  sur face  of the p l a n e t ,  whcre it s o l i z i f i e s .  

Because bodies with b a s a l t i c  cri*.sts a re  expected t o  have 
o l i v i n e - r i c h  s i l i c a t e  mantles a rd  me ta l - r i ch  cores ,  models of 
mesosider i te  o r i g i n  c a l l i n g  f o r  the b a s a l t  and metal t o  o r i g i n a t e  
i n  the same body have been hard-pressed t o  expla in  the s c a r c i t y  
of o l i v i n e  i n  these s tony- i ron  meteor i tes .  

Mesosiderite tex tures  show these meteor i tes  t o  be mixtures 
of metal g ra ins  and nuggets with mi l l ime te r - to -cen t ime te r - s i ze  
angular fragments of b a s a l t i c  s i l i c a t e s .  This "breccia" t ex tu re  
c l e a r l y  i n d i c a t e s  t h a t  mesosider i tes  formed on an a s t e r o i d  s u r -  
face t h a t  was subjec ted  t o  in tense  meteori te  bombardment. Some 
mesosider i tes  e x h i b i t  c l e a r  evidence of impact-melting. 

Basal ts  l i k e  those t h a t  make up the s i l i c a t e  por t ions  of 
the mesosider i tes  a re  common i n  the  inner  s o l a r  system. Mercury, 
Venus, Earth,  Moon and Mars a l l  have b a s a l t  exposed a t  t h e i r  
su r f aces .  The la rge  a s t e r o i d  Vesta i s  covered wi th  b a s a l t  and 
c e r t a i n  groups of s tone meteor i tes  a re  made up of b a s a l t  and 
very l i t t l e  m e t a l l i c  i r o n .  The me teo r i t i c  l a s a l t s  a r e  very o l d ;  
they formed about 4 . 3  t o  4 . 4  b i l l i o n  years  ago. P l a u s i b i l i t y  
arguments i n d i c a t e  t h a t  hea t  sources capable of melting a s t e r o i d -  
s i z e  bodies i n  such a b r i e f  per iod  would have been nonse lec t ive ;  
they would have melted a l l  bodies of s i m i l a r  o r  l a r g e r  s i z e  a t  
t h a t  d i s t ance  from the Sun. Within one p a r t i c u l a r  r a d i a l  d i s -  
tance from the Sun, i t  seems l i k e l y  t h a t  almost a l l  of the a s t e r -  
o i d - s i z e  bodies were melted; we do not  know t h i s  r a d i a l  d i s t a n c e ,  
b u t  the  presence of b a s a l t s  on Vesta ( o r b i t a l  rad ius  of  2 . 4  AU) 
suggests  t h a t  i t  may halit: extended out  p a s t  the o r b i t  of Mars t o  
about 2 AU from the  Sun. The mesosider i tes  formed i n  t h i s  broad 
region where near ly  every a s t e r o i d - s i z e  body melted. 

f o r  bodies t o  gradual ly  grow as  a r e s u l t  of low-veloci ty  c o l l i -  
s ions .  According t o  t h i s  p i c t u r e ,  a s t e r o i d s  ( t y p i c a l  rad ius  of 

We follow a common p i c t u r e  of p l a n e t  formation t h a t  c a l l s  
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100 km) are in t e rmed ia t e  products  of t h i s  process .  

. We sugges t  t h a t  t he  a s t e r o i d  p a r e n t  body o f  t h e  mesosider-  
i t e s  a l s o  formed i n  the  inner  s o l a r  system, perhaps j u s t  w i t h i n  
t h e  o r b i t  of Mars. A t  t h i s  l o c a t i o n ,  t he  g r a v i t a t i o n a l  i n -  
f l uences  of J u p i t e r  and Ea r th  ( t h e  l a r g e s t  t e r res t r ia l  p l a n e t )  
a r e  r e l a t i v e l y  small  and many o f  t he  a s t e r o i d s  remained i n  low- 
i n c l i n a t i o n ,  n e a r l y  c i r c u l a r  o r b i t s .  However, as a r e s u l t  of 
c l o s e  p l a n e t a r y  encoun te r s ,  some bodies  t h a t  formed n e a r  Ea r th  
o r  Venus were g r a v i t a t i o n a l l y  pe r tu rbed  i n t o  n o n - c i r c u l a r  o r b i t s ;  
a few such bodies  passed through t h e  mesos ide r i t e  reg ion  a t  high 
r e l a t i v e  v e l o c i t i e s ,  c o l l i d i n g  wi th  and des t roy ing  a few of  t h e  
n a t i v e  a s t e r o i d s .  O l i v i n e - r i c h  s i l i c a t e  mant les  s h a t t e r e d  i n t o  
small  p i e c e s ,  bu t  t h e  s t r o n g e r  metal  c o r e s  remained as l a r g e  
fragments.  

t o  ( i . e . ,  was c o l l e c t e d  by) the  b a s a i t i c  r e g o l i t h s  of i n t a c t  
n a t i v e  a s t e r o i d s  a t  low , re la t ive v e l o c i t i e s ,  perhaps 1 km/s. 
The smal l  p i e c e s  of t he  o l i v i n e  mantles forme2 a more -o r - l e s s  
uniform diluent i n  the  indigenous b a s a l t ;  examination of meso- 
s i d e r i t e s  ana the  c l o s e l y  r e l a t e d  howardite me teo r i t e  r e g o l i t h  
b r e c c i a s  shcws them t o  cc ca in  about 2% of a f o r e i g n  o l i v i n e  
component. The l a r g e  co re  fragments t h a t  c o l l i d e d  wi th  t h e  
c r u s t  g r e a t l y  enr iched  r e s t r i c t e d  reg ions  of t h e  s u r f a c e  i n  me- 
t a l .  These l o c a l i z e d  reg ions  were the  mesos ide r i t e  p r o g e n i t o r s ;  
they accounted f o r  only about  1% of t h e  s u r f a c e  a r e a  of  t he  
pa ren t  bodies .  

Much of t h e  d e b r i s  remained i n  c i r c u l a r  o r b i t s  and a c c r e t e d  

Because mesos ide r i t e s  a r e  tough, durable  o b j e c t s ,  they  
p r e f e r e n t i a l l y  su rv ived  t h e  r i g o r s  of  impac t - e j ec t ion  from t h e i r  
p a r e n t  body, e r o s i o n  by c o l l i s i o n s  wi th  space d e b r i s ,  and a b l a -  
t i o n  and f ragmenta t ion  du r ing  passage through the  E a r t h ' s  atmos- 
phere.  These s e l e c t i o n  b i a s e s  account f o r  t he  enhancement (by a 
f a c t o r  of  30) of mesos ide r i t e s  among me teo r i t e  f a l l s  compared t o  
the  metal-poor  b a s a l t i c  howardi tes .  




