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Accord ing t o  modern ideas ,  h igh - teapera tu re  a i n e r a l s  o f  e n s t a t i t e  chondr i tes  which a r e  i n  
d i s e q u i l i b r i u a  w i t h  nebu la  gases o f  s o l a r  c o n p o s i t i o n  have condensed under  reduced c o n d i t i o n s  due t o  
inc reased  C/O o r  HI0 r a t i o s .  The p o s s i b i l i t y  o f  condensat ion o f  accessory s u l f i d e s  and n i t r i d e s  i n  c o o l i n g  
Supernova envelope [ l ]  and i n  s o l a r  nebula w i t h  i nc reased  C/O [Z-41 has been argued by the raodynaa ica l  
c a l c u l a t i o n s .  Bu t  w i t h i n  b o t h  e n v i r o n ~ e n t s  h igh- temperature a i n e r a l s  c h a r a c t e r i s t i c  f o r  e n s t a t i t e  c h o n d r i t e s  
must r e a c t  w i t h  r e s i d u a l  gas and form oxides, o f  these e lenen ts  under the tetaoerature ranae o f  condensat ion 
o f  a a i n  e n s t a t i t e  a e t e o r i t e  a i n e r a l s .  This  f a c t  has o f t e n  been no ted  e a r l y .  Never theless,  a i n e r a l o g i c a l  [51 
and chemical [ 6 1  data (Tab le  11 evidence t h a t  t h e  a a j o r  c o n t r i b u t i o n s  o i  Ca (uo  t o  96Z) ,  Cr (uo t o  9321, Nn 
(up  t o  99%) and T i  (up  t o  9 7 X )  i n t o  the bu lk  c o n t e n t s  o f  these elements a re  by s u l f i d e s .  Enrichment o f  
s u l f i d e  phase i n  fln i s  i n  agreeaent w i t h  s t a b i l i t y  o f  RnS r e l a t i v e  s o l a r  gases even under s o l a r  El8  [15] ,  
b u t  the c h a l c o o h i l e  behaviour  o f  Ca, Cr and T i  suggests whether d i s e u u i l i b r i u a  c o n d i t i o n s  d u r i n g  a c c r e t i o n  
o f  e n s t a t i t e  c h o n d r i t e  a a t e r i a l  o r  p o s t a c c r e t i o n a l  r e d i s t r i b u t i o n  o f  these e l e l e n t s  between s u l f i d e  and 
s i l i c a t e  phases. 

I n  p r i n c i p l e ,  such r e d i s t r i b u t i o n  o f  Ca, Cr and T i  nay take p l a c e  d u r i n g  thermal metamorphis,a o f  
e n s t a t i t e  c h o n d r i t e s  f o l l o w e d  by h i g h  teepera tu res  and h i g h  s u l f u r  f u g a c i t i e s  [1,161, however m i n e r a l o g i c a l  
ev idence o f  t o t a l  s u l f u r i z a t i o n  a re  no t  observed ye t .  Futhermore, many EH c n o n d r i t e s  having c l e a r  ev idence 
o f  chemical d i s e q u i l i b r i u m  a re  enr iched i n  o l d h a a i t e  hav ing  no r e a c t i o n  r e l a t i o n s  t o  s i ! i c a t e s .  Recent data 
on o ldhami te  c h e a i s t r y  and i s o t o p y  [17-201 r e v e a l  i t s  s u b s t a n t i a l  enrichment i n  REE and Ca i s o t o o e  anonaly 
i n  so re  g r a i n s .  These observa t ions  suggest ing t h e  p r i n i t i v e  n a t u r e  o f  o l d h a a i t e  g r a i n s  a re  o b v i o u s l y  
d i f f i c u l t  t o  confora w i t h  the  p o s t a c c r e t i o n a l  Ca r e d i s t r i b u t i o n .  Fo r  t h i s ,  t h e  o l d h a ~ i  t e  c o n t r i b u t i o n  t o  the 
bu lk  Ca con ten t  i s  r e l a t i v e l y  h i g h  (Table 1) and v a r i e s  from 12 (4bee EH4, H v i t t i s  EL61 t o  64 X 1St.f lark's 
EH51. 

Consequently, t h e  c h a l c o o h i l e  behaviour o f  Ca, Cr and T i  i n  e n s t a t i t e  c h o n d r i t e s  should be considered 
as p r i a a r y  f e a t u r e  i n d i c a t i n g  the  c o n d i t i o n s  o f  condensation and a c c r e t i o n  o f  dus t  i n  the r e g i o n  o f  
e n s t a t i t e  c h o n d r i t e  fo rwa t ion .  At  present  i t  i s  d i f f i c u l t  t o  determine a  p l a c e  and a  t ime of fo rmat ion  o f  
these a i n e r a l s  so f a r  as an e f f e c t i v e  ~ e c h a n i s a  o f  C e n r i c h ~ e n t  o r  0  d e p l e t i o n  i n  any r e g i o n  of s o l a r  nebula 
i s  unknoun. Never theless,  r e c e n t  papers r e p o r t i n g  on d iscovery  o f  t i n y  g r a i n s  o f  SIC and diaaond i n  t h e  a c i d  
res idues  o f  C, 0 and E c h o n d r i t e s  suopor t  the  i d e a  on presence o f  Suoernova condensates i n  the  s o l a r  nebula.  
Ca i s o t o p e  anomaly observed i n  some o l d h a a i t e  g r a i n s  f r o a  EH chondr i te  Oingzhen [I91 aay a l s o  be i n t e r p r e t e d  
as the  ev idence o f  i t s  condensat ion i n  the  c o o l i n a  Suoernova envelope. But  i n  s p i t e  o f  a  p l a c ?  o f  
condensat ion o f  h igh- temperature m inera ls  o f  e n s t a t i t e  chondr i tes  these r a y  be preserved i n  the  nebula on ly  
under  reduce cond i t i ons .  T h i s  i s  e s p e c i a l l y  i a p o r t a n t  f o r  o ldhaa i  t e  which i s  e a s i l y  o x i d i z e d  by water vapor 
even under low tef lperatures.  Theraodynaaical c a l c u l a t i o n s  [3,41 suggest t h a t  i n  the nebula w i t h  C/O c l o s e  t o  
1 the o ldhami te  i s  s t a b l e  o n l y  under h i g h  temperatures when main a i n e r a l s  o f  e n s t a t i t e  chondr i tes  d o n ' t  
condense yet .  Consequently, i f  major e n s t a t i  t e  s e t e o r i t e  r i n e r a l s  were i n  e q u i l i b r i u m  w i t h  nebu la r  gases 
d u r i n g  a c c r e t i o n  t h a t  n e i t h e r  o ldhami te  no r  o t h e r  h igh - tespera tu re  accessor ies  must be preserved. Th is  
deaand i s  n o t  so c r i t i c a l  f o r  ca rb ides  and n i t r i d e s  which chemical i n e r t n e s s  i s  w e l l  known. But i f  such 
conc lus ion  i s  t r u e  t h a t  t h e  a c c r e t i o n  o f  e n s t a t i t e  m e t e o r i t e  a i n e r a l s  must be f o l l o u e d  whether e f f e c t i v e  
i s o l a t i o n  o f  h igh- temoerature condensates f r o #  t h e  c o o l i n g  gas o r  even Bore reduce c o n d i t i o n s  than those 
c h a r a c t e r i s t i c  f o r  nebuba w i t h  C/U c l o s e  t o  1. The enr ichment  of  o l d h a a i t e  i n  Se 115-20 x CI) #as considered 
by [201 as the  evidence o f  l ow- tespera tu re  e a u i l i b r i u a  between o l d h a a i t e  and s o l a r  gas b u t  t h i s  sugges t ion  
has soae problems w i t h  b u f f e r i n g  o f  h i g h  s u l f u r  and low oxygen f u g a c i t i e s  which a re  necessary f o r  o l d h a a i t e  
s t a b i l i t y .  Futhernore,  observed low Se contents  i n  o l d h a a i t e  might  condense under h i g h  temperatures as s o l i d  
s o l u t i o n  o f  Case i n  CaS so f a r  as i t  r a y  expect  even h igher  condensat ion tenpera tu re  of Case than CaS. 
Whether o r  no, t h i s  ev idence i s  n o t  d e c i s i v e  and demands thermodynamical v e r i f i c a t i o n .  

The suggest ion on o l d h a e i t e  i s o l a t i o n  d u r i n g  nebula c o o l i n a  has a l s o  some problems. I n d i s p u t a b l e  
m i n e r a l o g i c a l  evidence o f  i s o l a t i o n  i s  unknown and t h a t  may r e s u l t  f r o a  l a t e r  cnodru le  i o r s a t i o n  o r  theraa!  
metamorphism. I s o l a t i o n  i s  orobable t o  proceed due t o  condensation o f  Nn-Plg-Fe s u l f i d e  on o l d h a a i t e  g r a i n s  
and such i s o l a t i o n  n i g h t  be a  reason of d i o p s i d e  m iss ing  i n  the condensat ion sequence. Diopside which i s  
condense j u s t  a f t e r  o ldhami te  i s  n o t  abundant i n  e n s t a t i t e  chondr i tes  w h i l e  i t  i s  o r d i n a r y  a i n o r  m inera l  o f  
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a u b r i t e s .  Horeover, an i s o l a t i o n  of Ca and A1 high-temperature condensates  under 0.8 ( C/O ( 1 ,  when S i c  is 
n o t  f i r s t  condensate ,  w i l l  lead t o  i n i t i a l  condensat ion of f o r s t e r i t e  which w i l l  be followed o r a c k i c a l i y  
s i a u l t a n e o u s  condensat ion of e n s t a t i t e .  But i f  tlg/Si r a t i o  i n  gas was decreased r e l a t i v e  to  s o l a r ,  f o r  
example, due t o  p a t r i a l  RgS condensat ion,  t h a t  e n s t a t i t e  aay condense before  f o r s t e r i t e .  

Thus, i r r e s p e c t i v e  of o l d h a a i t e  g e n e s i s ,  i t s  presence i n  t h e  e n s t a t i t e  chondr i t es  sugges t s  
d i s e a u i l i b r i u a  dur ing  t h e i r  a c c r e t i o n  caused by i s o l a t i o n  of high-temperature minera l s .  Considering t h e  
o l d h a a i t e  a s  an exaep le  of t h e s e  ~ i n e r a l s  ne may conclude t h a t  t h e  degree of i s o l a t i o n  was re la t ive !y  high 
[Tab le  11. I t  means t h a t  such i s o l a t i o n  should be taken i n t o  c o n s i d e r a t i o n  in the raodynaa ica l  modelling o f  
e n s t a t i t e  chondr i t e  formation.  
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Table 1 
S u l f i d e s  c o n t r i b u t i o n  t o  the  bulk Ca of e n s t a t i t e  chondr i t es  

1 2  3 4 5 
Indarch EH4 0,811 [71 0,39 27 X 86.2 X 
P i l i s t f e r  EL6 0,976 171 0,70 40 Z - 
8bee EH4 0,872 [El 0,19 12 X - 
8dhi-Kot EH3 0,87 [91 0 ,89  6 0 X  - 
St.Hark 's  EH5 0,87 [91  1,O 64 Z 95 ,5  Y. 
St.Sauveur EH5 0,80 1101 0,85 59 X 94 ,3  X 
D a n i e l ' s  Kuil EL6 0!74 I l l ]  0 ,55 41 Z 30,2 X 
H v i t t i s  EL6 0,882 [8 ]  0,21 13  X - 
H v i t t i s  EL6 0,98 [ I 2 1  0,21 12 X - 
H v i t t i s  EL6 0 , 5 3  i13] 0,21 2 2 %  - 
J .  d. K .  Lalu EL6 0,96 [9] 0,87 50 Z - 
Khairpur EL6 0 ,53  [ I 4 1  0,52 55 X 58.5 Z 
Khairpur EL6 1,04 [ I l l  0,52 28 Z 58.5 Z 

1 - bulk Ca con ten t  [wt .Z) ,  2 - r e f e r e n c e ,  
3- aodes of o l d h a a i t e  (wt.XI [ K e i l ,  19681, 
4- o l d h a n i t e  c o n t r i b u t i o n ,  5- s u l f i d e s  
c o n t r i b u t i o n  [Eas ton ,  19851 
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