
54 LPSC X V I I I  

CONSTRAINTS ON THE ORlGIN OF EUCRITIC MELTS: AN EXPERIMENTAL STUDY. 
J .R.  Recket t  and E. S t o l p e r ,  D iv i s ion  of Geologica l  and P l a n e t a r y  Sc i ences ,  
C a l t e c h ,  Pasadena,  CA 91125 

I n t r o d u c t i o n .  E u c r i t e s  a r e  p l a g i o c l a s e - ,  pyroxene-r ich m e t e o r i t e s  t h a t  
c r y s t a l l i z e d  from b a s a l t i c  l i q u i d s  a t  low p r e s s u r e .  Two models have been 
proposed f o r  t h e  o r i g i n  of t h e s e  l i q u i d s .  S t o l p e r  (11 ,  no t ing  t h a t  e u c r i t e  
bu lk  composi t ions  c l u s t e r  around t h e  ol ivine-pyroxene-plagioclase p e r i t e c t i c ,  
proposed t h a t  some e u c r i t e s  c r y s t a l l i z e d  from n e a r l y  primary me l t s  produced by 
p a r t i a l  m e l t i n g  of a  p e r i d o t i t i c  sou rce .  An a l t e r n a t i v e  model (2-4) i s  t h a t  
a l l  e u c r i t e s  a r e  r e s i d u a l  l i q u i d s  produced by e x t e n s i v e  f r a c t i o n a l  
c r y s t a l l i z a t i o n  of o l i v i n e  and pyroxene from more maf ic  me l t s .  I n  t h e  
f r a c t i o n a l  c r y s t a l l i z a t i o n  model, d i o g e n i t e s  a r e  cons ide red  cumulates  produced 
by s e p a r a t i o n  of pyroxene from l i q u i d s  p a r e n t a l  t o  t h e  e u c r i t e s  ( 2 ) .  I n  t h i s  
c a s e ,  g e n e r a t i o n  of e u c r i t i c  bu lk  composi t ions near  t h e  p e r i t e c t i c  r e q u i r e s  
t h a t  pyroxene-o l iv ine  boundary cu rves  a r e  e i t h e r  c o t e c t i c  ( 2 )  o r  approximate ly  
r a d i a l  t o  t h e  composi t ion  of pyroxene ( 4 ) .  Otherwise,  f r a c t i o n a l  
c r y s t a l l i z a t i o n  of pyroxene-sa tura ted  l i q u i d s  would produce l i q u i d  l i n e s  of 
descen t  c r o s s i n g  i n t o  t h e  pyroxene s t a b i l i t y  f i e l d ,  bypass ing  t h e  p e r i t e c t i c  
po in t  and e u c r i t e  bu lk  composi t ions.  

The v a l i d i t y  of a  f r a c t i o n a l  c r y s t a l l i z a t i o n  model can be t e s t e d  by 
de termining  t h e  n a t u r e  of o l iv ine-pyroxene  boundary cu rves  f o r  l i q u i d  
composi t ions  r e l e v a n t  t o  e u c r i t e s .  A s  a  f i r s t  s t e p ,  we have determined t h e  
e q u i l i b r i u m  c r y s t a l l i z a t i o n  pa th  of "T2iquid A" proposed by Ikeda  and Takeda 
( 3 )  a s  t h e  pa ren t  melt  composi t ion f o r  e u c r i t i c  l i q u i d s .  S ince  most e s t i m a t e s  
of hulk composi t ion  of t h e  e u c r i t e  pa ren t  body l i e  on o r  nea r  t h e  p l a n e  
d e f i n e d  by o l i v i n e  and Liquid  A (e.g.,  5-7), L iquid  A f o l i v i n e  ca+-be used t o  
s tudy  most l i q u i d s  t h a t  could have gene ra t ed  e u c r i t e s  by f r a c t i o n a l  
c r y s t a l l i z a t i o n  of o l i v i n e  and pyroxene. 
Exper imenta l  t e chn iques .  An oxide  mix cor responding  i n  composi t ion t o  L iqu id  
A ( 3 )  was decarbonated  i n  a i r  f o r  2  days and then e q u i l i b r a t e d  a t  1080°C i n  a  
f l o w i n g  Hz-02 gas  mix a t  wf is t i te - i ron  (WI) f o r  5-7 days. Samples were 
suspended i n  t h e  h o t  s p o t  of a  v e r t i c a l  Del Tech DT-31 f u r n a c e  u s ing  Mo wi re  
l oops  f o r  3  - 24 h r s .  A l l  exper iments  were conducted i n  a  gas mix one o r d e r  
of magnitude more r educ ing  than  W I .  - 

Exper imenta l  R e s u l t s .  Experiments  were conducted i n  t h e  range 1180-1320"~. 
O l i v i n e  i s  t h e  l i q u i d u s  phase fo l lowed by low-Ca pyroxene a t  1281-1310°C. 
O l i v i n e  (Fo73-81) and g l a s s  (_m_=(~g/(~g+~e)=O.48-0.59) become p r o g r e s s i v e l y  
more Fe-r ich and p  r o x e n e - s l i g h t l y  more c a l c i c  (~02+Wo4) wi th  d e c r e a s i n g  
tempera ture .  K E ~ ; ' ~  = ( x ~ ~ ~ / x ~ ~ ~ ) / ( x ~ ~ ~ I x ~ ~ ~ )  is 0.34 f o r  o l i v i n e ,  c o n s i s t e n t  
w i th  ( 8 ) ,  and 0.31 f o r  pyroxene. O l i v i n e  IS i n  a  r e a c t i o n  r e l a t i o n s h i p  w i th  
t h e  melt :  t h e  amount of o l i v i n e  d e c r e a s i n g  from 47 wt% t o  40 % between 1280 
and 1180°C. Observed va lues  of s y n t h e t i c  pyroxenes (0.75-0.80) a r e  w i t h i n  
t h e  range of t h o s e  observed i n  d i o g e n i t e s  ( 9 ) .  This  s u g g e s t s  t h a t  our  r e s u l t s  
can be used t o  c o n s t r a i n  t h e  r e l a t i o n s h i p  between d i o g e n i t e s  and e u c r i t e s  i f  
t hey  formed from t h e  same p a r e n t a l  me l t s .  

G la s s  composi t ions  from t h i s  s tudy  a r e  shown i n  F igu re  1  p r o j e c t e d  from 
Diopside(D1) on to  O l iv ine (0L)  + Plag ioc l a se (PL)  + Quartz(Q) (10).  Also shown 
a r e  t h e  nominal bu lk  composi t ion of Liquid  A ( 3 ) ,  t h e  expe r imen ta l l y  
determined p e r i t e c t i c  f o r  e u c r i t e s  ( I ) ,  s y n t h e t i c  pyroxene composi t ions ,  
noncumulate e u c r i t e  bu lk  composi t ions  (11)  and an o l iv ine-pyroxene  g l a s s  
composi t ion (Bi-4) produced by ( 1 )  u s ing  the  b a s a l t i c  a c h o n d r i t e  Rinda a s  
s t a r t i n g  m a t e r i a l .  For e q u i l i b r i u m  c r y s t a l l . i z a t i o n  of Liquid  A,  Q c o n t e n t s  of 
t h e  me l t  d e c r e a s e  w i t h  dec reas ing  tempera ture  due t o  t h e  f a c t  t h a t  o l i v i n e  i s  
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in a reaction relationship with the melt. Based on this preliminary result, 
the composition of a parental melt fractionally crystallizing olivihe that 
intersects the olivine-pyroxene boundary curve will leave that curve as 
pyroxene crystallizes and bypass the eucrite composition field. We cannot yet 
rule out the possibility that fractional crystallization of parental melts 
more Fe-rich than Liquid A could have produced eucritic liquids. However, 
even if this is the case, the more rnagnesian diogenitic and howarditic 
orthopyroxenes can not be readily explained as products of fractional 
crystallization of liquids parental to the eucrites. 
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Fig. 1. Projection of experimental glass compositions from DI onto the plane 
OL - PL - Q. 
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