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The Apollo 1 6  rocks  range from c r y s t a l l i s e d  igneous l i q u i d s  and cumu- 
l a t e s  t o  b r e c c i a t e d ,  remel ted  and r e c r y s t a l l i s e d  types .  I n  mel t ing  exper i -  
ments a t  atmospheric pressure(Tab1e 1 )  t h e  range of chemical  composit ion 
represen ted  by t h e  Apollo 16 rocks  i s  c o n s i s t e n t  wi th  a pseudo-ternary system 
comparable t o  t h e  An-Fo-Si02 system ( F i g  1 ) .  A l l  t h e  rock composit ions l i e  
c l o s e  t o  t h e  p lane  X0.R203-YO-Z02, 

A l l  of t h e  rocks  have a temperature  i n t e r v a l  from about 1300°C t o  1200°C 
d u r i n g  which s p i n e l  i s  f i r s t  p r e c i p i t a t e d  e i t h e r  a lone  o r  wi th  p l a g i o c l a s e  or 
o l i v i n e  and subsequent ly  resorbed  when o l i v i n e  and p l a g i o c l a s e  occur toge thez  
Whereas p l a g i o c l a s e  + s p i n e l  and o l i v i n e  + s p i n e l  cumulates could be expected 
but have no t  been found,  t h e  r e p o r t e d  olivine+plagioclase+spinel cumulates 
should not occur .  None of t h e  l u n a r  rocks  r e t a i n  a chemical  memory of appre- 
c i a b l e  s p i n e l  f r a c t i o n a t i o n .  Many of them do no t  even r e t a i n  a memory of 
c r y s t a l l i s a t i o n  through the  s t a b i l i t y  f i e l d  of s p i n e l .  Those rocks  which do 
c o n t a i n  s p i n e l ,  notably  62295 and t h e  s p i n e l - t r o c t o l i t e s ,  a r e  perhaps b e s t  
expla ined a s  remel ted  t r o c t o l i t e  cumulates i n  which t h e  s p i n e l ,  which i s  
formed on i n i t i a l  remeTting, subsequent ly  f a i l s  t o  r e - e q u i l i b r a t e .  

The major element chemis t ry  f i t s  very c l o s e l y  a f r a c t i o n a t i o n  model dom- 
i n a t e d  by t h e  accumulation of plagioc1ase:-  
60025 (37.6%) + 60335 (62.4%) = 68415 (s r2 = 1.457) 
60025 (58.6%) + Avge Hi-A1 b a s a l t  (Prinz)(41.4%)= 68415 ( f r 2  = 0.187) 
o r  p l a g i o c l a s e  + o l i v i n e : -  
Avge s p i n e l  t r o c t o l i t e  (20.45%) + 62235 (79.55%) = Avge H i - A 1  b a s a l t  CEr2=0 .8) 
Avge s p i n e l  t r o c t o l i t e ( 4 6 . 8 % )  + g l a s s e s  i n  14310 a t  1211°(53.2%) = Avge Hi -A1  

basa, l t  e 2 = 2  .5) 
These equa t ions  do not  r e q u i r e  any s p e c i f i c  rock t o  be genetically 

r e l a t e d  t o  any o t h e r  r o c k ,  merely t h a t  t h e  rock types  a s  r epresen ted  by t h e  
r e t u r n e d  lunar  higtiland samples can be i n t e r r e l a t e d  by c r y s t a l - l i q u i d  
processes .  

The key q u e s t i o n s  now t o  be answered a r e  (1 )  What po in t  i n  t h e  chemical 
secpence r e p r e s e n t s  t h e  p a r e n t  magma? ( 2 )  How d i d  f r a c t i o n a l  c r y s t a l l i s a t i o n  
of t h i s  magma manage t o  avoid t h e  involvement of s p i n e l ?  ( 3 )  Where d i d  t h e  
parent  magma come from? 

The r e c o g n i t i o n  of apparent  phenocrys ts  i n  rocks  such a s  68415, 68416 
and t h e  t e x t u r e  sugges t ive  of c r y s t a l l i s a t i o n  from a near a l l  l i q u i d  s t a t e  
i n d i c a t e  t h a t  any pa ren t  magma must be a t  l e a s t  a s  a n o r t h o s i t i c  a s  t h e s e  
rocks.  The c l o s e  s i m i l a r i t y  of t h e  s o i l  composit ions a l s o  suggest  t h e  volu- 
iiietric s i g n i f i c a n c e  of t h i s  composi t ion,  Such a pa ren t  l i q u i d  i s  capable  of 
f r a c t i o n a t i o n  t o  g ive  about 6070 a n o r t h o s i t e  cumulus and 40% d e r i v a t i v e  h igh 
alumina b a s a l t s .  A parent  l i q u i d  l o c a t e d  a t  t h e  mafic end of t h e  observed 
rock sequence would r e q u i r e  t h e  e x i s t e n c e  of l a r g e  volumes of 'unseen'  de r iv -  
a t i v e  l i q u i d  and n e c e s s i t a t e s  unproven p l a g i o c l a s e  f l o t a t i o n  which would i n  
t u r n  prevent  t r o c t o l i t e  accumulation.  
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The l a c k  of memory of a s p i n e l  ' e v e n t '  can be  expla ined i f  under some 
o t h e r  c o n d i t i o n s  of c r y s t a l l i s a t i o n  s p i n e l  d i d  not  occur i n  t h e  c r y s t a l l i s a -  
t i o n  sequence. Sp ine l  occurs  under a l l  exper imenta l  c o n d i t i o n s  examined s o  
f a r ,  One sequence of e v e n t s  cou ld  bypass t h e  s t a b i l i t y  f i e l d  of s p i n e l  and 
l ead  t o  some f r a c t i o n a l  c r y s t a l l i s a t i o n .  A t  moderate water vapour p r e s s u r e s  
t h e  Apollo 16  rocks  a r e  rendered a l l  l i q u i d  a t  temperatures  below 1200°C. 
D e p r e s s u r i s a t i o n  a t  c o n s t a n t  temperature  below t h e  s t a b i l i t y  range of s p i n e l  
l e a d s  t o  f a i r l y  r a p i d  growth of p l a g i o c l a s e  which could f r a c t i o n a t e  provided 
t h a t  o l i v i n e  n u c l e a t i o n  and growth was delayed.  Separa t ion  of a vapour 
phase and temperature  adjus tments  due t o  l a t e n t  h e a t  e f f e c t s  might provide  
t h e  i d e a l  s t i r r i n g  mechanism r e q u i r e d  t o  e x p l a i n  v o l a t i l i s a t i o n  l o s s e s  of 
w a t e r ,  a l k a l i s ,  oxygen and o t h e r  v o l a t i l e s ,  and re-melt previous  accumula- 
t i o n s  of t r o c t o l i t e .  

High water  p r e s s u r e  suppresses  t h e  p l a g i o c l a s e  l i q u i d u s  temperature  i n  
f avour  of ferromagnesian minera l s .  A p r e s s u r e  somewhat over 5 kb i s  r e q u i r -  
ed  t o  produce o l i v i n e  c r y s t a l l i s a t i o n  be fo re  p l a g i o c l a s e  i n  68415 which i s  
c l o s e  t o  a p o s s i b l e  pa ren t  magma composit ion.  Liquids  l i k e  68415 can be 
produced by p a r t i a l  m e l t i n g  of a l u n a r  i n t e r i o r  i n  t h e  presence of water 
vapour. I n  t h e  absence of wa te r  vapour t h e  same l u n a r  i n t e r i o r  could  pro- 
v i d e  mare type  b a s a l t s  . 

Table 1 - 
Atmospheric p ressure  experiments a t  f o 2  = Fe/FeO, Mo capsu les  

T"/Roc k 60025 6841 5 60335 62295 6031 5 
1370 P Y ~  P , l  P Y 1 s ,l 
1330 P Y ~  P Y ~  P Y ~  s , l  1 
1300 p , l y o r e  P Y S , ~  P Y S , ~  . s ,l s ,l 
1276 ~ , l , o r e  P Y S Y ~  P , s , ~  O , P , S , ~  O Y S , ~  

1256 P Y S , ~  P Y O , ~ , ~  O Y S , P Y ~  
1227 P Y O , S Y ~  P t o t s ~ l  0 , P s l  O Y S , P Y ~  
1216 P Y O , S Y ~  P , o , s t l  O Y P Y ~  O Y S Y P Y ~  

1200 s o l i d  P Y O , ~  P , O Y ~  O Y P Y ~  O Y P Y ~  

Higher pressure/depressurisation experiments on 60335 + 10% Hz0 a t  f o 2  3 
FeO/Fe304, Pt  capsu les .  

T P1 kb tl h r s  P2 kb t 2  hrs Resu l t  
1250 1 0.5 S Y ~  

1250 1 0.5 0 0 s , p  ,l q-pyroxene 
1250 1 0.5 0 1 S Y P Y ~  

Abbrevia t ions  p = p l a g i o c l a s e ,  s = s p i n e l ,  o = o l i v i n e ,  1 = l i q u i d  
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F i e l d  boundaries a r e  those  of t h e  pseudo-ternary system An-Fo-SiO a t  atmospheric 
2 

pressure ,  The l o c a t i o n  of s e v e r a l  rock composit ions a t  t h e  boundary of  t h e  s p i n e l  
f i e l d  is  f o r t u i t o u s  s i n c e  i n  t h i s  p r o j e c t i o n  c r y s t a l l i s a t i o n  of s p i n e l  would n o t  
a l t e r  t h e  apparent  course  of l i q u i d s  a l s o  c r y s t a l l i s i n g  o t h e r  phases.  The sugges- 
t e d  c r y s t a l - l i q u i d  t r e n d  i s  Average Anorthosi te  (cumulus) C-- S o i l s  (pa ren t  
l i q u i d )  -+Average High Alumina Basa l t  ( d e r i v a t i v e  l i q u i d ) .  The l a t t e r  g i v e s  
r i s e  t o  a  second sequence c o n s i s t i n g  of Average t r o c t o l i t e  (cumulus) & Average 
High Alumina Basa l t  + 62235 (KREEP-like d e r i v a t i v e  l i q u i d s ) .  

Fig. 1 Spinel projection into Ca A120L- MgO - Si02 ( XO.R2O3- YO-Z02) 


