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High v o l t a g e  (800-1000kv) t ransmiss ion  e l e c t r o n  microscopy (HVEM) i n  
c o n j u n c t i o n  w i t h  e l e c t  r o n - d i f f r a c t i o n ,  microprobe and o p t i c a l  pe t rography 
have been conducted on an i l m e n i t e - r i c h  b a s a l t ,  70017. Our aim has been t o  
e l u c i d a t e  i t s  thermal and mechanical h i s t o r i e s  by obse rv ing  t h e  subs t ruc tu res  
produced d u r i n g  phase t rans fo rma t ions ,  growth,  and mechani c a l  deformat i on  and 
by comparing these w i t h  s y n t h e t i c  analogs when a v a i l a b l e  o f  some of  t he  
m ine ra l s .  P r e l i m i n a r y  r e s u l t s  a r e  repo r ted  i n  t h i s  paper. 

Rock 70017 i s  a  hyp id iomorph ic  g r a n u l a r  b a s a l t  c o n t a i n i n g  l a r g e  c l i n o -  
pyroxenes w i t h  i nc luded  a r m a l c o l i t e ,  i l m e n i t e  and o l i v i n e ;  lath-shaped t o  
equ i -g ranu la r  p l a g i o c l a s e  w i t h  i nc luded  euhedral  01  i v i n e ,  i lmen i  t e  and 
c l  i nopyroxene; a  1 arge (1 mm) 0 1  i v i  ne embayed by c l  inopyroxene; aggregates o f  
i n t e r s t i t i a l  c r i s t o b a l  i t e ;  l m m  long i lmen i tes ,  some arranged i n  l a y e r s  and 
always w i t h  exso lved r u t i l e  and s p i n e l ;  and metal1 i c  Fe, t r o i l i t e ,  and a  
f i n e  c r y s t a l  - r i c h  mesostasi s .  E l e c t r o n  m ic roscop ic  obse rva t i ons  o f  each o f  
t he  p r i n c i p a l  m ine ra l  phases f o l l o w s :  C l i n o  roxenes - I r r e g u l a r  sec to r  
zoning,  r o t a t i o n  o f  subgrains about [010 -I----- and h i g h  A1 and T i  contents  char -  
a c t e r i z e  t h e  c l  inopyroxenes which have augi  t e  cores .  Near the  centers  o f  
i n d i v i d u a l  augi  t e s ,  t h e  s e c t o r  boundar ies a r e  t y p i c a l  l y  c r y s t a l  l o g r a p h i c  and 
show no m i s o r i e n t a t i o n ;  these i n v a r i a b l y  change t o  a  low ang le  boundary o r  
boundaries ( f i g .  l ) ,  e s p e c i a l l y  when encoun te r ing  an a r m a l c o l i t e  i n c l u s i o n .  
High angle boundar ies ( f i g .  2) a r e  common as we1 1 where r a p i d  c o o l i n g  p r o -  
moted growth o f  o t h e r  o r i e n t a t i o n s .  Both (001) and (100) p igeon i  t e  exso l  u- 
t i o n  l ame l lae  have nuc lea ted  on t h e  boundar ies,  t h e  area o f  f i g .  1 hav ing 
a  compos i t ion  o f  Fs17, W033. The p i g e o n i t e  l ame l lae  have as expected,  
t ransformed f rom C2/c t o  21/c symmetry as seen by t h e  ant iphase domains 
( A P D ' S )  o f  f i g .  3.  P l a g i o c l a s e  - APD's, imaged i n  f i g .  4 ,  f rom t h e - l a r g e r  
p l a g i o c l a s e s  which range f rom An84 t o  An78 a re  caused by t h e  C 1  + I1 t r a n s -  
fo rma t ion  and a r e  u n i f o r m  i n  s i z e ,  -1500hT No e x s o l u t i o n  has as y e t  been 
found i n  the  p l a g i o c l  ase. APD s i z e  i n  a,synthet i c  p l a g i o c l a s e ,  An78-80, 
grown by G. Lo fg ren  was found t o  be -300A and can be compared t o  t h a t  seen 
i n  the  c o m p o s i t i o n a l l y  s i m i l a r  p l a g i o c l a s e  o f  70017. The s y n t h e t i c  p l a g i o -  
c l a s e  was c r y s t a l l i z e d  a t  l l O O ° C  and coo led through the  t rans fo rma t ion  a t  
2"C/hour. Since t h e  APD's o f  70017 a r e  -5x l a r g e r ,  i t  must have cooled 
through t h e  C T  + l i  t r a n s f o r m a t i o n  temperature a t  a  s lower  r a t e .  C r i s t o -  
b a l i t e  - 0.5mm s i z e  c r i s t o b a l i t e s  occur  between g r a i n s  and a re  r a r e l y  i n -  
c luded i n  p l a g i o c l a s e .  F i g .  5 shows t h a t  they  c o n t a i n  s t a c k i n g  f a u l t s  (s), 
t w i n  boundar ies (T)  , and boundar ies separa t i ng  enantiomorph i c  para1 l e l  a x i s  
tw ins  ( d ) .  The tw ins  o r i g i n a t e d  d u r i n g  t h e  B -t a t rans fo rma t ion  a t  2 6 8 ' ~ .  
R u t i l e  and s p i n e l  a;e p resen t ,  p robab ly  as e x s o l u t i o n  products  from i l m e n i t e  
supersatura ted w i t h  Mg, T i  and A1 (abundant t e x t u r a l  ev idence i n d i c a t e s  t h a t  
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i lmeni t e  rep laced armalco l  i t e )  . The observed m i c r o s t r u c t u r e s  i n  r u t i  l e  
( f i g .  6)  a r e  s i m i  l a r  t o  those found i n  oxygen-def i c i e n t  , n o n s t o i c h i o m e t r i c  
r u t  i l e  (1)  , t h e  oxygen d e f i c i e n c y  hav ing been accommodated by t h e  product  i o n  
o f  ~ l a n a r  de fec ts .  

Some S i m i l i a r i t i e s  and D i f f e r e n c e s  Between A p o l l o  1 1  and A p o l l o  17 
I lmeni te -R ich  Basal t s  - A1 though t h e  o p t i c a l  s t r u c t u r e  ( s e c t o r a l  zoning,  
r a d i a t i n g  and r o t a t e d  subgra ins)  o f  t h e  A p o l l o  1 1  and 17 mare b a s a l t s  c l i n o -  
pyroxenes i s  s i m i l a r ,  t he  s u b o p t i c a l  s t r u c t u r e  i s  n o t .  The aug i tes  o f  10029 
e x h i b i t  i r r e g u l a r  b locky  subgra ins ,  2-10pm i n  s i z e  hav ing m i s o r i e n t a t i o n s  o f  
1 t o  5' and t h e  e x s o l u t i o n  commonly changed f rom t h e  (100) type t o  the  (001) 
type across the  low-angle subgra in  boundaries (2 ) .  Th is  c o n t r a s t s  w i t h  the  
c o n t i n u a t  i o n  o f  t h e  (001) exso l  u t i o n  across the  low-angle boundar ies i n  F i g .  
1 .  The exso lved p igeon i  t e  APD s i z e  compares we1 1 -- 500A-2000A i n  70017 and 
500A-1000A i n  10029. The b- type APD's imaged i n  bo th  70017 and 10029 a r e  
a re  1500A and 5000-10,000A r e s p e c t i v e l y  b u t  the  p l a g i o c l a s e  o f  10029 i s  more 
a n o r t h i  t i c ,  hav ing  d i f f u s e  "c" r e f l e c t  ions;  thus t h e  s i zes  cannot be com- 
pared unambiguiously.  No e x s o l u t i o n  i n  p l a g i o c l a s e  was found i n  e i t h e r  rock  

Conclusions - Rock 70017 has undergone a s i n g l e - s t a g e  c o o l i n g  h i s t o r y .  
No evidence o f  recovery o f  t h e  pyroxene de fec t  s t r u c t u r e  no r  evidence o f  
two-stage exsol  u t i o n  was detec ted.  The p l a g i o c l  ase APD s i z e  by cornpari son 
w i t h  a  s y n t h e t i c  example, i n d i c a t e s  a  subso l idus  c o o l i n g  r a t e  s lower  than 
2"C/hour. 
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Low ang le  boundar ies i n  
augi t e .  

High ang le  boundary i n  a u g i t e .  

M-T APB's i n  p i g e o n i t e .  b - t ype  APBis i n  p l a g i o c l a s e .  
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