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The achondri t i c  meteor i tes  p rov ide  a  record  o f  igneous processes a c t i v e  
e a r l y  i n  the  h i s t o r y  o f  t he  s o l a r  system. The major minera l  i n  most achon- 
d r i  tes  i s  pyroxene, ranging from magnesian orthopyroxene through p igeoni  t e  t o  
f e r r oaug i t e  and fe r rop igeon i te .  S i m i l a r  pyroxenes occur i n  rocks from the  
l una r  highlands and can p rov ide  an i n s i g h t  i n t o  a  separate b u t  s i m i l a r  s e t  o f  
processes a c t i v e  e a r l y  i n  t h e - e v o l u t i o n  o f  the s o l a r  system, namely those 
invo lved  i n  t he  fo rmat ion  o f  t he  l u n a r  c rus t .  

Both su i t es  of pyroxenes encompass a  range o f  Mg/Mg+Fe r a t i o s  and o f  Ca 
contents,  bu t  low Ca pyroxenes predominate and d i f f e r e n t i a t i o n  t rends, expres- 
sed by  zoned c r y s t a l s  o r  i n  s u i t e s  o f  r e l a t e d  rocks, i n v o l v e  r e l a t e d  increases 
i n  Fe/Mg+Fe and Ca/Ca+Flg+Fe (1  ) . The c r y s t a l  lographi  c  c h a r a c t e r i s t i c s  o f  many 
achondri t i c  and 1  unar pyroxenes have been i n t e r p r e t e d  by I s h i i  and Takeda (2 )  
i n  terms o f  a  mechanism o f  i nve rs i on  and exso lu t ion  o f  p igeoni  tes. The pro-  
posed processes i nc l ude  a)  decomposit ion o f  p i geon i t e  i n t o  orthopyroxene and 
augi t e  a t  the p i  geoni t e  eu tec to i  d  r eac t i on  p o i n t  producing b l  ebby augi t e  s  har- 
i n g  (100) w i t h  the hos t  orthopyroxene, and b) exso lu t ion  o f  aug i te  from 
p igeon i te  along the metastable extension o f  the  p i geon i t e  solvus. 

The ens t a t i  t e  and hypers thene achondri tes  a re  coarse-grained b recc i  a ted 
pyroxeni  t es  w i t h  orthopyroxenes (Enl 0 0 and EnT5 respec t i ve l y )  t h a t  show c r y -  
s t a l l og raph i c  fea tu res  n o t  found i n  l u n a r  orthopyroxenes. These inc lude  the  
d i f f u s e  s t reaks a1 ong a* t h a t  connect r e f l e c t i o n s  o f  e n s t a t i  t e  w i t h  c l  inoen- 
s t a t i t e  produced by a  s t ress- induced t r a n s i t i o n  f rom the  o r i g i n a l  e n s t a t i t e .  
Coex is t ing b ronz i  t e  and twinned c l  i nobronz i  te ,  t h a t  has i nve r t ed  from p ro to -  
b ronz i te ,  occur i n  t h e  Steinbach s tony- i ron  meteor i te  (3 )  bu t  have n o t  been 
found i n  l una r  rocks. D i f f use  s t reaks along a*, as i n  t he  Johnstown hyper- 
sthene achondri t e  (No2. OF~l 8. 6 )  have broad maxima where twinned aug i te  
spots would be expected. Those have been i n t e r p r e t e d  (4,5) as the product o f  
Ca-rich Guinier-Preston zones w i t h i n  t he  orthopyroxene. The presence o r  
absence o f  augi t e  1  amel l a e  on (100) i n  t he  hypersthene achondri tes  appears t o  
be a  f unc t i on  o f  Ca content  o f  the  o r i g i n a l  pyroxene and n o t  t o t a l l y  o f  coo l -  
i n g  r a t e .  Augi te  r e f l e c t i o n s  a re  absent from very low Ca pyroxenes such as 
Steinbach, M t .  Padbury and Shalka, b u t  present  i n  h igher  Ca pyroxenes such as 
Ibbenbiiren (R. Gooley, pers. corn.) .  

Comparable orthopyroxenes from l u n a r  h igh land rocks have been s tud ied  i n  
the pyroxene po i  k i  1  obl  a s t i  c  brecc ias 77135 and 6031 5  (6 )  , w i t h  composit ions 
Wo3-7En73-83F~14-20 ,  and i n  orthopyroxenes from igneous a n o r t h o s i t i c  fragments 
(7) .  Simi 1  a r  orthopyroxenes , overgrown by more Fe - r i  ch pigeon i te ,  have been 
s tud ied  i n  the KREEP b a s a l t  14310 (8) .  The l una r  orthopyroxenes show none of 
the  features,  descr ibed above, t h a t  a re  c h a r a c t e r i s t i c  o f  the  achond r i t i c  
pyroxenes, The so le  except ion i s  one g r a i n  from t h e  Luna 20 r e g o l i t h  ( 9 )  t h a t  
does show d i f f u s e  s t reaks p a r a l l e l  t o  a*, i n d i c a t i n g  t he  presence o f  s tack ing  
f a u l t s .  

Achondrites con ta in  i nve r t ed  p igeon i tes  t h a t  i n  t he  samples s t ud ied  i n  
d e t a i l ,  Moore County ( 2 )  and Crab Orchard ( I ) ,  are on ly  p a r t l y  inver ted.  The 
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Moore County p i g e o n i  t e  (4 ) ,  p a r t l y  i n v e r t e d  t o  or thopyroxene, has two genera- 
t i o n s  o f  (001 ) aug i tes ,  coarse l amell ae 0.1 mn t h i c k  and submicroscopic exso- 
1  u t i  on 1  amel 1  ae. S imi  1  a r  pyroxenes have been r e p o r t e d  f rom severa l  anor tho-  
s i t i c  b recc ias  such as 67075 (10, 11)  and as g r a i n s  f rom t h e  Luna 20 r e g o l i t h  
(9 ) .  The h o s t  p i  e o n i t e  compos i t ion  i n d i c a t e s  t h a t  t h e  I s h i i  and Takeda exso- 
l u t i o n  process (by must have taken p l a c e  b e f o r e  i n v e r s i o n .  

I n v e r t e d  p i g e o n i t e s  have a l s o  been descr ibed f rom A p o l l o  14 b r e c c i a  14082 
(12) and f rom an a n o r t h o s i t i c  gabbro c l a s t  i n  b r e c c i a  15459 (13). The 15459 
i n v e r t e d  p i g e o n i t e  w i t h  augi  t e  on (100) was i n t e r p r e t e d  as a  p roduc t  o f  t h e  
process (a)  o f  I s h i i  and Takeda. These p igeon i  t e s  have comple te ly  i n v e r t e d  t o  
orthopyroxene, i n  c o n t r a s t  t o  t h e  achondr i  t i c  p i g e o n i t e s .  

I r o n - r i  ch p igeon i  t e s  i n  e u c r i  t es ,  Juvinas (1 ) and i n  e u c r i  t i c  i n c l u s i o n s  
i n  mesos ider i  t es ,  Crab Orchard (1 ) and M t .  Padbury ( 2 ) ,  exso lve  f e r r o a u g i  t e  on 
(001) as very  r e g u l a r  l a m e l l a e  a t  most a  few micron wide. The compos i t ion  o f  
the un inve r ted  p i g e o n i t e  h o s t  (e.g., Juv inas W O ~ E ~ ~ ~ F S ~ ~ )  i s  t h a t  o f  a  low Ca 
c l  inohypersthene, i n d i c a t i n g  t h e  e x s o l u t i o n  process (b )  o f  I s h i i  and Takeda. 
These c l  inohypersthenes d i s p l a y  d i f f u s e  s t reaks  a long a*, i n t e r p r e t e d  as a  
p r e l i m i n a r y  stage i n  t h e  i n v e r s i o n  t o  orthopyroxene. The o n l y  p i g e o n i t e  o f  
t h i s  t ype  recorded i n  l u n a r  samples i s  f rom 14310,90. The r e s u l t s  o f  r e f i n e -  
ments o f  t h i s  h o s t  p igeon i  t e  and augi  t e  1  amellae can be used t o  e x p l a i n  the  
Fe-enrichment o f  t h e  h o s t  p i g e o n i t e .  

These d i f f e r e n c e s  i n  pyroxene c h a r a c t e r i s t i c s  may l e a d  t o  an understand- 
i n g  o f  t h e  d i f f e r e n t  environments and t h e  d i f f e r e n t  e v o l u t i o n a r y  t rends i n  t h e  
development o f  the a c h o n d r i t i c  p a r e n t  bodies and o f  t h e  l u n a r  sur face.  I n  
bo th  cases we have a  s u i t e  o f  b recc ias  t h a t  rep resen t  a  sampling o f  a t  l e a s t  
two pa ren t  bodies t h a t  had d i f f e r e n t i a t e d  e x t e n s i v e l y  i n  t h e  su r face  and near-  
surface.  The d i f f e r e n c e s  recorded i n  t h e  pyroxenes r e f 1  e c t  d i  f f e rences  i n  the  
chemical environment ( w i t h  t h e  l u n a r  samples be ing d e r i v e d  f rom a  more a lumi -  
nous c r u s t ) ,  t h e  range o f  phys ica l  environments ( r e f l e c t e d  i n  the  f a c t o r s  
s e n s i t i v e  t o  temperature, redox s t a t e  and c o o l i n g  r a t e )  and t h e  i n t e n s i t y  o f  
b r e c c i a t i o n  and impact  metamorphism. 
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