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~n e f f e c t i v e  argument  i n  f a v o u r  o f  p r imary  o r i g i n  o f  p i c r i t i c  low t i t a n i u m  magmas a t  t h e  A p o l l o  12 and  15  s i t e s  
and  a g a i n s t  t h e i r  d e r i v a t i o n  by o l i v i n e  e n r i c h m e n t  i n  l o w e r  t e m p e r a t u r e  c o t e c t i c  l i q u i d s  a s u l d  a p p e a r  t o  be t h a t  t h e  
e x p c r l m e n t a l l y  p roduced  l i q u i d u s  o l i v l n e  c o m p o s i t i o n  ma tches  t h a t  o b s e r v e d  i n  t h e  c o r e s  of  n a t u r a l  ' p h e n o c r y s t s '  and  
i s  more magnesian t h a n  t h a t  o b s e r v e d  i n  e x p e r i m e n t s  c o n d u c t e d  a t  t h e  c o t e c t i c  t e m p e r a t u r e  ( 1 , 2 ) .  The e q u i l i b r i u m  
o l i v i n e  c o m p o s i t i o n  which w l l l  c r y s t a l l i z e  frorn a  p i c r i t e  b a s a l t  ( e . g .  12040)  a t  a  g i v e n  t e m p e r a t u r e  r e a c h e s  a  m i n i -  
mum Fo c o n t e n t  a t  a  c r i t i c a l  oxygen f u g a c i t y  j u s t  below t h a t  of  Fe/Feo e q u i l i b r i u m  ( f i g .  1 ) .  Above t h a t  c r i t i c a 1  
f o , , ,  d ( F o ) / d ( f 0 2 )  is low, a n d  c o n t r o l  of  t h e  e x p e r i m e n t  e a s y .  Below t h a t  f O . ,  m e t a l l i c  i r o n  a p p e a r s ,  Fo c o n t e n t  
o f - o l i v i n e  r i s e s  r a p i d l y ,  a n d  d ( F o ) / d ( f O  ) becomes v e r y  l a r g e ,  making p r e c i s e i c o n t r o l  o f  exper imen t  v e r y  d i f f i c u l t .  
U n f o r t u n a t e l y  t h e  l u n a r  b a s a l t s  a p p e a r  t i  have  c r y s t a l l i z e d  below t h e  c r l t i c a l  fO ; we ( 3 ,  4 )  h a v e  e x p e r i m e n t e d  a t  
j u s t  above  t h e  c r i t i c a l  fO f o r  t e c h n i c a l  r e a s o n s  o f  c o n t r o l  of c h a r g e  c o m p o s i t i a n  t h u s  o u r  e x p e r i m e n t a l l y  
p roduced  o l i v i n e s  w i l l  b e  $ o r e  i r o n - r i c h  t h a n  would form ~ n  t h e  n a t u r a l  r o c k  a t  t h e  same t e m p e r ~ t u r e .  Where t h e  

c h a r g e  h a s  been r u n  i n  a  s e a l e d ,  p u r e  i r o n  c a p s u l e  a f t e r  conversion of t h e  sample t o  g l a s s  a t  some u n s p e c i f i c d  f 0 2  
( I ) ,  r e a c t i o n  between c a p s u l e  and c h a r g e  w i l l  o c c u r ,  o x i d i s l n g  and  d i s s o l v i n g  t h e  c o n t a i n e r  u n ~ i l  a n  fO, i s  a t t a i n e d  
where  Lron m e t a l  is  i n  e q u i l i b r i u m  w l t h  t h e  m e l t ,  which w i l l ,  however,  be FeO e n r i c h e d ,  a n d  p r e c i p i t a t e L t o o  i r o n -  
r i c h  a n  o l i v i n e  a t  any  g i v e n  t e m p e r a t u r e ,  a; w e l l  a s  showing s u p p r e s s i o n  of  t h e  c r y s t a l l i z a t i o n  t e m p e r a t u r e  of  
a n o r t h i t e .  U n l e s s  fO and  c h a r g e  c o m p o s l t l o n  h a v e  been  ve ry  p r e c i s e l y  and  a c c u r a t e l y  c o n t r o l l e d ,  a  d i r e c t  comp,lr i -  
son  between e x p e r i m e n t i l  and  n a t u r a l  o l i v i n e  i s  n o t  significant ( f i g .  2 ) .  
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I:lg. 1 .  O l i v i n e  composition a s  a  f u x t i o n  of oxygen f u g a c r t y  a t  1 1 5 0 ,  1300°C ( s t y l l r e d )  and  r c l a t i o n  t o  n i c k e l -  
r t ~ r k < . l  oxldc, (NNO) and  F<~/Fc~O(WI) < % q u l l l b r l a  arid a c t u a l  oxygcll f u g a c l t y  111 Apo l lo  1 2  b a s n l t s .  

F1g. 2 .  V a r i a t i o n  of o l i v l n t !  r o m p o s l t l o n  i n  n a t u r a l  r o c k s  ( h o r i z o n t a l  b a r s )  compared w i t h  e x p e r i m e n t a l  r e s u l t s  a t  
FIS/FC,O oxygen f u g a c i t y  ( 3 ,  s o l i d  b l o b s ) ,  o x l d l s f d  i n  s e a l e d  i r o n  c a p s u l e  ( 1 ,  s m a l l  opcn  c l r c l f  12065)  and  s e a l e d  
~n molylxl<.num ( 2 ,  l a r c c  op<xrr r i r c l < . s  12002)  a n d  i n  c o n t a c t  w l t h  m e l t i n g  n a t u r a l  o l i v l r r e  c o n t a l n c r  (12020 ,  c r o s s e s ) .  
L1.gv o1x.n c r r c l c s  r c f c r  t o  nor, d r p l e t e t l  c h a r g e s  a t  unknown f O z ( 2 ) .  

Moreover ,  d u r i n g  c o o l i n g  i r o n  m e t a l  is  i n  $:action relationship i i t h  i r o n - " e n r i n g  s l l i c a t r  m e l t s  ( 5 ,  6 )  which 
a t  t h a t  s t a  e  c o n t a i n  some ~ e ' + .  Thus Mg/MgcFe o f  t h e  s i l i c a t e  sys tem o e  r e a s e s  d u r i n g  crystallization. I t  i s ,  
t h e r e f o r e ,  ? n v a l i d  t o  t a k e  e i t h e r  t h e  Mg/Mg + t o t a l  Fe ( a s  i n  2 )  o r  Mg/Mg+Fe5+ In t h e  s o l i d i f i e d  hand s p e c i m e n ,  and  
u s e  a  d e t e r m i n e d  K t o  p r e d i c t  t h e  equilibrium l i q u i d u s  o l i v i n e  c o m p o s i t i o n  - t h e  t r u e  e q u i l i b r i u m  l i q u i d u s  o l i v i n e  
c o u l d  b e  a s  much a!-% Fo  more magnes ian .  

When o l i v i n e  c r y s t a l s  g r o  d u r i n g  r a p i d  c o o l i n g  o f  b a s a l t i c  l i q u i d s ,  t h e  e f f e c t i v e  d i s t r i b u t i o n  c o e f f i c i e n t  
a p p e a r s  t o  be-0.18 2 0 . 0 3  ( 7 1 . l o w e r  t h a n  KD (-0.335) and  c a u s i n g  more magnes ian  o l i v l n e  t o  form t h a n  would b e  t h e  
c a s e  a t  e q u i l i b r i u m .  

Grove c t  a 1  h a v e  p r o v i d e d  m i c r o p r o b e  d a t a k m s  c a m )  whlch e n a b l e  c m p o s i t l o n  c o n t r o l  d u r i n g  c r y s t a l l i e a t ~ o n  of 
i p o l l o  12 p Z r E f f i  t o  be e v a l u a t e d  f u r t h e r  [ f i g s .  3 ,  4 ) .  F i g .  3  i l l u s t r a t e s  t h e  e f f e c t  o f  l o s s  o r  g a i n  o r  i r o n  upon 
b u l k  sample ,  l i q u i d  and o l i v i n e  c o m p o s i t i o n s  o b t a i n e d  from n a t u r a l  o l i v i n e - b a s a l t  s a m p l e s  12002 ( 2 )  and 12040 (Bigga l  
e t  a 1  u n p u b l i s h e d ) .  The  s h a d e d  f i e l d  e n c l o s e s  a l l  a n a l y s e s  of A p o l l o  1 2  o l i v i n e  b a s a l t s ,  e x c e p t  t h a t  o f  12002 by - - 
Grove  & ( c r o s s ,  0 2 ' ) .  The  c o m p o s i t i o n s  of  n a t u r a l  samples  12040 ( 8 )  and  12002 ( 9 )  a r e  i n d i c a t e d .  W i l l i s  2 ' s  
z . I n l y s e s  o f  12002 is u s e d  i n  p r e f e r e n c e  t o  Grove 2 g ' s  ( 1 9 7 3 )  a n a l y s i s ,  which was made on a  r e s i d u e  from o t h e r  ex -  
p e r i m e n t s ,  and  y i e l d s  a  b u l k  c o m p o s i t i o n  which 1s i n c a p a b l e  o f  y i e l d i n g  t h e  r e s u l t s  o f  Grove g ' s  ( 2 )  exper imen t s  
5 1 ,  5 6  st ? 3 2 5 O ~  ( b e c a u s e  t h e  c h a r g e s  c a n n o t  have  g a i n e d  i r o n ,  and hence  moved downwards i n  t h e  d iag ram,  i n  t h e  
t e c h n i q u e  u s e d ) .  The  d i s c r e p a n c y  m i g h t ,  however,  be d u e  t o  inhon,ogeneous s a m p l i n g  of  t h e  m a t a r i a l  a v a i l a b l e .  

The a n a l y s e d  c o m p o s i t i o n s  o f  o l i v i n e  and  l i q u i d  from f o u r  different experiments ( 5 6 ,  5 1 ,  28 ,  1 8 )  a t  1 3 2 5 ' ~  a r e  
p l o t t e d ,  t o g e t h e r  w i t h  t h e  b u l k  c o m p o s i t i o n s  of t h e  c h a r g e s ,  A, 8 ,  C ,  D i n f e r r e d  on t h e  a s s u m p t i o n  t h a t  t h e  a c t u a l  
c h a r g e s  c o n s i s t  o f  o l i v i n e  and  g l a s s  o n l y ,  and  t h a t  t h e  b u l k  compositions d i f f e r  f rom 12002 o n l y  by l o s s  o f  FeO. 

T'ie t e c h n i q u e s  u s e d  ( 2 )  were t o  e n c l o s e  t h e  c h a r g e s  I n  molybdenum o r  i r o n  c a p s u l e s  e n c l o s e d  i n  e v a c u a t e d  s e a l e d  
s i l i c a  g l a s s  t u b e s  o r  t o  run  a t  a  c o n t r o l l e d  oxygen f u g a c i t y  i n  a  molybdenum c o n t a i n e r .  At t h e  low i n h e r e n t  oxygen 
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F ig  3 .  Proje t ' o n  r m a n o r t h i t e ,  a l b i t e ,  o r thoc lase ,  CaSiOg, Ti02, C1-203 
l n t o  @ - ~ e b 8 l 0 ~ .  See t e x t .  

F ig  4. Project ion from ' s p i n e l '  i n t o  the  sec t ion  X0.R203 - YO-Z02 (includes 
anorthite-olivine-silica). 

0 Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



LOW TITANIUM BASALTS 

BIGGAR, G 3. et ale 

fugdcity of t h e  c h a r g e s ,  i n  which  t h e  a c t i v i t y  o f  m e t a l l i c  i r o n  i s  c l o s e  t o  o n e ,  i r o n  is  v e r y  s o l u b l e  i n  t h e  moly-  
bdenum c a p s u l e s .  I r o n  is l o s t  f rom t h e  c h a r g e  t o  t h e  c a p s u l e  a n d  oxygen i s  r e l e a s e d  t o  t h e  a tmosphere  i n s i d e  t h e  

raising t h e  oxygen f u g a c i t y  u n t i l  t h e  i r o n  a c t i v i t y  is reduced  t o  t h e  p o i n t  where  n o  f u r t h e r  i r o n  d i s s o l v e s  

in  the  molybdenum.  he s i z e  of  t h i s  e f f e c t  w i l l  h e ,  t o  a n  e x t e n t ,  t i m e  d e p e n d e n t ,  b u t  i t  w i l l  a l s o  depend  upon t h e  

size and c o n f i g u r a t i o n  o f  t h e  c h a r g c ,  and  t h e  e x t e n t  t o  which r e l e a s e d  oxygen c a n s c a p e  f rom t h e  molybdenum c a p s u l e .  

g r e - t e r  l o s s e s  of  i r o n  from t h e  c h a r g e  may o c c u r  when a  s i m i l a r  t e c h n i q u e  i s  u t i l i z e d  bu t  an  i r o n  c a p s u l e  
is s u b s t i t u t e d  f o r  t h e  molybdenum. I f  t h e  i r o n  c o n t a i l l s  any  c a r b o n  ( n o t  mornlally r e p o r t e d  i n  a n a l y s e s )  e v e n  more 

e x t e n s i v e  r e d u c t i o n  of  t h e  c h a r g e  may o c c u r  t h a n  it1 t h e  p r e v i o u s  c a s e .  
~ l s o  shown a r e  a n a l y s e d  o l i v i n e - l i q u i d  a s s e m b l a g e s  f rom e x p e r i m e n t s  a t  1 3 0 0 ~ ~  ( r u n s  1 7 ,  1 4 ) ,  1 2 9 0 ~ ~  ( r u n  1 4 )  

and  12500C ( r u n  2 2 )  and  t h e i r  r e s p e c t i v e  i n f e r r e d  b u l k  c h a r g e  c o m p o s i t i o n s ,  E ,  F ,  F  and  C. A c o n s e q u e n c e  o f  i r o n  

l o s s  from t h e  c h a r g e s  is  t h a t  t h e  o l i v i n e / c a l c i u m - p o o r  pyroxene  l i q u i d u s  i n t e r f a c e  is l i k e l y  t o  he e n c o u n t e r e d  by 
t h e  r e s i d u ~ l  l i q u i d s  a t  a  h i g h e r  t e m p e r a t u r e  t h a n  would h a v e  o t h e r w i s e  been t h e  c a s e ,  a n d  t h e  same is t r u e  f o r  t h e  
f i r s t  a p p e a r a n c e  o f  p l a g i o c l a s e  when t h e  r e s i d u a l  l i q u i d s  meetT11v e q u i l i b r i u m  r e s i d u a l  l i q u i d s  from c h a r g e s  i n  whicn 
a l l  i r o n  h a s  been r e t a i n e d  i l sF fCI i l r r rupresen ted  h e r e  by t h e  heavy  c u r v e s  e x p r e s s i n g  t h e  e v o l u t i o n  o f  r e s i d u a l  l i q u i d s  
i n  12040  ( f r o m  r e f .  3 ) .  

C o n t r a s t i n g  w i t h  t h e  s e v e r e  l o s s  o f  i r o n  which r e s u l t e d  i n  t h e  s e a l e d  t u b e  e x p e r i m e n t s  w i t h  i r o n  c a p s u l e s  r e -  
p o r t s o  a b o v e ,  t h e  o p p o s i t e  is  l i a b l e  t o  o c c u r  where  i r o n  c a p s u l e s  a r e  used  i n  rxpe r i i : i en t s  a t  c o n t r o l l e d  oxygen 
f u g a c i t i r s .  The e f f e c t  of  i r o n  g a i n  f rom I r o n  c a p s u l e s  i s  shown by c x p c r i m c r ~ t s  1 2 9  a n d  1 3 0  orb s m p l e  12040 a t  1 1 4 8 C  . r - _  
Hun s i d e  by s i d e  i n  t h e  Game c o n t r o l l e d  a i rnosphere  f u r n a c e  . ~ t  a n  oxygen f u g a c i i y  o f  10-iZ5;tr!hospheres e x p e r i m e n t  
129 u s e d  a  molybdenum c a p s u l e .  &.ufltlrr*? t h e  oxygen f u g a c i t y  I S  a  power o f  t e n  l o w e r  t h a n  t h a t  o f  t h e  Fe/FeO e q u i -  
l i b r i u m .  .I s m a l l  amount o f  i r o l l  t i i s s o l v e s i n  t h e  molybdenum c a p s u l e .  M e t a l l i c  i r o n  is  not produced  from t h e  
c h a r g e  u n t i l  l o w e r  oxygen f u g a c i t i e s  .ire a t t a i n e d .  

Exper imen t  1 3 0  u s e d  a n  i r o n  c a p s u l e .  M e t a l l i c  i r o n  is n o t  i n  e q u i l i b r i u m  w i t h  c h a r g e  120k10 . c t  t h i s  oxygen  
f u g a c i t y ,  h e n c e  oxygen from t h e  g a s  a tmosphere  r e d c t s  w i t h  i r o n  from t h e  c a p s u l e  t o  p roduce  FeO which d i s s o r v e s  i n  
t h e  s i l i c a t e  l i q u i d .  Two o l i v i n e - l i q u i d  t i e  l i n e s  (13Oa. 130b)  from e x p e r i m e n t  13.3, and  tv.0 i n f d r r e d  b u l k  composi-  
t i o n  (H, J )  a r e  s h o w ,  t h e  more i r o n - r i c h  p resumably  c o z i n g  from a  p a r t  o f  t h e  c h a r g e  which x . 1 ~  c l o s e r  t o  t h e  cap-  
s u l e  w a l l .  

F i g u r e  4  i s  li p r o j e c t i o n  f rom s p i n e l  i n t o  t h e  s y s t e m  XO-RO -20,-YO (which  c o n t a i n s  t h e  s e c t i o n  a n o r t h i t e -  
o l i v i n e - s i l i c a )  o f  t h c  d a t a  f o r  s a m p l e s  12002 and 12040.  The  f i g l d  J c c u e i e d  by a l l  hand-specimen a n a l y s e s  o f  
A p o l l o  1 2  o l i v i n e  b a s . . l t s  ( s h a d e d )  is shown, a s  - r e  t h e  conlposl t i ~ n i s  o f  1 2 W 2  and  12040  a s  w e l l  a s  t h e  a n a l y s i s  
( c r o s s  02 '  ) o f  12002 p r o v i d e d  by Grove  g 2 ( 2 )  

I r o n - l o s s  l i n e s ,  r a d i a t i n g  f r a n  t h e  YO apex  o f  t h i s  p r o j e c t i o n ,  have  been d r d m  t h r o u g h  t h e  two i n i t i a l  b u l k  
compos i t ion - .  (fil'ov(. U; Willis I.t;ll) g i \ .<w f o r  s i ~ s p l c ~  12002 ( 1  and  11 ~ . < ~ s p . c t i \ . e l y  1. 

L i q u i d  c o m p o s i t i o n s  i n  t h e  f o u r  e x p e r i m e n t s  on 12002 a t  1 3 2 5 ~ ~ .  e x p e r i m e n t s  18,  28 ,  51 and  5 6  a r e  shown by 
a p p r o p r i a t e l y  numbered s m a l l  c i r c l e s .  T i e  l i n e s  l i n k i n g  t h e s e  c o m p o s i t i o n s  t o  o l i v i n e  s h o u l d  i n t e r s e c t  t h e  i r o n -  
l o s s  l i n e  d r a m  t h r o u g h  t h e  o r i g i n a l  bo lk  c o m p o s i t i o n  o f  t h e  m a t e r i a l  uscd  f o r  t h e  ( -xper imen t s  a t  p o l n t s  c o r r e s p o n -  
d i n g  i n  t h i s  p r o j e c t i o n  w i t h  t h e  b u l k  c o m p o s i t i o n s  l a b e l l e d  D. C, B and  A r c . lpcc t iv . . l y  i n  f i g .  3 .  Again,  i t  
appc'ars t h a t  t h e  m a t e r i a l  n n a l y s e d  by Grove 2 a s  12002 c a n n o t  bc r e p r c s c n t d t i v c  o f  t h e  mdterl.11 l o a d e d  i n t o  t h e  

c a p s u l e s  b e c a u s e  t h e  p r o d u c t s  of r u n s  51 and  5 6  a r e  a g a i n  i n e x p l i c a b l e ,  r e q u i r i n g  a  s t a r t i n g  m a t e r i a l  which,  i n  
m i n e r a l o g i c a l  t e r m s ,  would h a v e  been  s i g n i f i c m t l y  d e p l e t e d  i n  p i g e o n i t e  r e l a t i v e  t o  f e l d s p a r  i n  r e l a t i o n  t o  t h e  
a l i q u o t  t a k e n  f o r  b u l k  c h e m i c a l  a n l y s i s .  From F i g .  3 r u n  56 s h o u l d  c o n t a i n  v e r y  l i t t l e  o l i v i n e ,  w h i l e  r u n s  5 1  and 

2 8  w i l l  c o n t a i n  s i g n i f i c a n t l y  more  y e t  f rom f i g .  4  t h e r e  is n o  
s i n g l e  c h o i c e  o f  a  b u l k  c o m p o s i t i o n  a n d  a s s o c i a t e d  i r o n - l o s s  l i n e  which would make s u c h  m i n e r a l  p r o p o r t i o n s  a  r e a l i t y  
- a n y  s i n g l e  c h o i c e  w m l d  l e a d  t o  t h e  p r e d i c t i o n  t h a t  t h e  amount o f  o l i v i n e  p r e s e n t  i n  r u n  56 e x c e e d s  t h a t  i n  r u n  5 1 ,  
and  t h a t  i n  t u r n  exceeds  t h e  amount  p r e s e n t  i n  r u n  28. T h e s e  r e s u l t s  c a n  be e x p l a i n e d  i f  t h e  inhomogeneous n a t u r e  

of t h e  s a w p l i n g  o f  t h e  powder Of r o c k  12002 e x t e n d s  t o  a t  l e a s t  some of t h e  a l i q u o t s t a k e n  f o r  e x p e r i m e n t a l  c h a r g e s .  

The  r e s i d u a l  l i q u i d  d e v e l o p e d  a t  t h e  l o w e s t  t e m p e r a t u r e  ( r u n  23  a t  1 1 2 5 ~ ~ )  i s  a l s o  shoun  i n  r e l a t i o n  t o  t h e  
t r e n d  o f  r e s i d u a l  l i q u i d  e v o l u t i o n  deduced  f r a n  t h e  c r y s t a l l i z a t i o n  o f  r o c k  12040  u n d e r  c o n d i t i o n s  where  n o  i r o n  is  
l o s t  a n d  where  a l l  a v a i l a b l e  e v i d e n c e ,  i n c l u d i n g  m i c r o p r o b e  a n a l y s i s  o f  a l l  g l a s s  o r  ne. i r ly  . 1 1  [:l;lss p roc iuc t s ,  ia  
c o n s i s t e n t  w i t h  r e a s o n a b l y  homogeneous s a m p l i n g  of t h e  powder p r o v i d e d .  Run 129 ,  which  c o n t a i n s  some pyrawene,  h a s  
c l e a r l y  l o s t  same i r o n  t o  t h e  c a p s u l e .  

AIL i r o n - g a i n  l i n e  ( 1 1 1 )  h a s  been  d r a m  from t h e  c o m p o s i t i o n  o f  12040 t o w a r d s  t h e  YO apex .  The  c o m p o s i t i o n s  
o f  two  g l a s s e s  o b t a i n e d  from a  r u n  ( 1 3 0 )  i n  a n  i r o n  c a p s u l e  a t  a  c o n t r o l l e d  oxygen f u g a c i t y  have  been  p l o t t e d  a n d  
j o i n e d  t o  o l i v i n e  d o t t e d  t i e  l i n e s .  T h e i r  i n t e r s e c t i o n s  w i t h  t h e  i r o n - g a i n  c o n t r o l  l i n e  mark t h e  c o m p o s i t i o n s  
o f  two of  t h e  g l a s s  c o m p o s i t i o n s  H, J ,  which were  g e n e r a t e d  i n  t h i s  m a n i f e s t l y  inhomogeneous r u n  p r o d u c t .  

D e t a i l e d  d i s c u s s i o n  Of 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  p a t h s  of i n d i v i d u a l  hand s p e c i m e n s  may, however,  b e  j u p e r -  
f l u o u s .  A l l  h a n d  spec imen  c o m p o s i t i o n s  a t  t h e  A p o l l o  1 2  a n d  1 5  s i t e s  c a n  be i n t e r r e l a t e d  by 

rock1 = rock2  2 ' p h e n o c r y s t '  c o r e s  2 p h e n o c r y s t  ' r i m s '  

indicating t h a t  c : :emical  d i f f e r e n t i a t i o n  h a s  i n v o l v e d  t h e  movement of  t h e  l l a t e r i a l  i n  t h e  r i m s  o f  t h e  c r y s t a l s  a s  
w e l l  u s  t h e  c o r e s .  The r im m a t e r i a l s  must  b e  q u e n c h i n g  p r o d u c t s ,  s i n c e  t h e y  a r e  o f  c o m p o s i t i o n s  which a r e  n e v e r  
i n  e q u i l i b r i u m  w i t h  t h e  l i q u i d  i n  t h e  a b s e n c e  of  abundan t  a n o r t h i t e  c r y s t a l s .  P h e n o c r y s t  c o r e s  a l s o  a r e  f r e q u e n t l y  
s k e l e t a l  s u g g e s t i n g  q u e n c h i n g  r a t h e r  t h a n  e q u i l i b r i u m  p h e n o c r y s t  g rowth .  I t  f o l l o w s  t h a t  i n d i v i d u a l  hand  spec imen  
c o m p o s i t i o n s  r e p r e s e n t  n e i t h e r  l i q u i d  c o m p o s i t i o n s  n o r  any  c o m p o s i t i o n  r e l a t a b l e  t o  t h e  r e a l  l i q u i d  c o m p o s i t i o n  i n  
t e r m s  o f  e t l u i l i b r i u m  c r y s t a l - l i q u i d  p r o c e s s e s .  
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