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Rock 67915 is  a 2.6-kg f e l d s p a t h i c  polymict  B4 b r e c c i a  (dark  m a t r i x ,  
l i g h t  c l a s t s  (1)) from Outhouse Rock a t  S t a .  11. I t  shows two l a r g e  i l l - d e -  
f i n e d  whi te r  a r e a s  i n  a d a r k e r  gray mat r ix ;  on t h e  sawn s u r f a c e  t h e  c o l o r  con- 
t r a s t  i s  g r e a t l y  enhanced, b u t  both t h e s e  p a r t s  a r e  themselves made of small-  
e r  c l a s t s .  No i n d i v i d u a l  c rys . t a l s  a r e  r ecogn izab le  t o  t h e  eye .  

Forty-two probe mounts were made from v a r i o u s  c l a s t s  i n  t h i s  complex 
polyrnict b r e c c i a .  Although t h e s e  c l a s t s  a r e  q u i t e  v a r i a b l e  i n  appearance,  
they a r e  s u r p r i s i n g l y  s i m i l a r  i n  composition ( 2 ) .  The complex n a t u r e  of t h e  
rock makes q u a n t i t a t i v e  e s t i m a t i o n  of c l a s t  popu la t ion  hazardous a t  b e s t ,  b u t  
-95% of  t h e  rock c o n s i s t s  o f  c l a s t s  ranging i n  composition from gabbroic  t o  
t r o c t o l i t i c  a n o r t h o s i t e ,  s e t  i n  a m a t r i x  of s i m i l a r  composit ion.  Most c l a s t s  
c o n s i s t  of  c r y s t a l  fragments of p l a g i o c l a s e  and l e s s  abundant pyroxene and/ 
o r  o l i v i n e  embedded i n  a m a t r i x  of  f i n e r  fragments of t h e s e  same t h r e e  miner- 
a l s .  I n d i v i d u a l  homogeneous c l a s t s  a r e  g e n e r a l l y  on ly  a m i l l i m e t e r  o r  l e s s  
i n  s i z e .  With a few excep t ions ,  bo th  opaque minera l s  and K-rich a r e a s  a r e  
e i t h e r  very  s c a r c e  o r  completely a b s e n t  i n  both  c l a s t s  and m a t r i x .  One gen- 
e r a l i z a t i o n  is  t h a t  t h e  c l a s t s  made of  f i n e  c r y s t a l  fragments t end  t o  be 
e i t h e r  quar tz -  o r  o l iv ine-normat ive  gabbroic  a n o r t h o s i t e ,  whereas t h o s e  w i t h  
c o a r s e r  c r y s t a l s  a r e  more commonly t r o c t o l i t i c  a n o r t h o s i t e .  Although t h e  
composit ional  range f o r  t h e  bu lk  of  t h e  c l a s t s  i s  r a t h e r  s m a l l ,  t h e  range of  
t e x t u r a l  s t a t e s  i s  l a r g e ,  a s  i s  t h e  range of shock metamorphic a f f e c t s .  
These f e a t u r e s  w i l l  be desc r ibed  i n  g r e a t e r  d e t a i l  i n  a l a t e r  paper  by anoth- 
e r  consort ium member ( B  . N .  Powell) . 

The gabbroic  a n o r t h o s i t e  c l a s t s  have been desc r ibed  p rev ious ly  ( 2 ) .  Most 
of the  t r o c t o l i t i c  a n o r t h o s i t e  e x i s t s  i n  t h r e e  t e x t u r a l  c a t e g o r r e s .  The most 
common, presumably metamorphic i n  o r i g i n ,  c o n s i s t s  of  p l a g i o c l a s e  and l e s s  
abundant o l i v i n e  f ragments ,  100 pm,  s e t  i n  a g r a n o b l a s t i c  ma t r ix  of  f i n e r  
g ra ined  p l a g i o c l a s e  (Ang3; a n a l .  1 ;  Fig .  1) .  About 10% of t h e  mat r ix  con- 
s i s t s  of  o l i v i n e  ( F O ~ ~ - ~ O ;  a n a l .  2) i n  10-pm g r a i n s ,  mainly a long p l a g i o c l a s e  
g r a i n  boundar ies .  A second type ,  much l e s s  common, c o n s i s t s  of  l a t h l i k e  de- 
c u s s a t e  p l a g i o c l a s e  (-An941 and i n t e r s t i t i a l  o l i v i n e  ( -Fo72) ;  it resembles 
t h e  b a s a l t s  i n  t e x t u r e  (F ig .  2 ) ,  and may have formed from r a p i d  quenching of 
impact-generated t r o c t o l i t i c  l i q u i d s .  A t h i r d  type  occurs  a s  a r e l a t i v e l y  
l a r g e  c l a s t  i n  67915, 12 ,  and c o n s i s t s  of  l a r g e ,  equant  subhedral  p l a g i o c l a s e  
c r y s t a l s  (Ang5) s e t  i n  a ma t r ix  of s u r p r i s i n g l y  i r o n - r i c h  i n t e r s t i t i a l  o l i -  
v ine  ( F O ~ ~ ) .  Although bo th  minera l s  a r e  badly  f r a c t u r e d  ( F i g .  5)  and i n  p a r t  
sheared by impact shock,  t h e  o r i g i n a l  t e x t u r e  appears  t o  be of cumulus o r i g i n .  

The remaining 5% of  the c l a s t s  i n  67915 inc lude  a wide v a r i e t y  o f  rock 
types ;  s e v e r a l  unique c l a s t s  may be of m e t e o r i t i c  o r i g i n  ( 2 ) .  I n  a d d i t i o n  t o  
t h e s e  i n d i v i d u a l ,  unique c l a s t s ,  t h e r e  a r e  c l a s t s  of sod ic  f e r rogabbro ,  mare 
b a s a l t ,  and p e r i d o t i t e ,  judging from mineral  ana lyses  of  t h e  phases p r e s e n t .  
No a d d i t i o n a l  c l a s t s  of t h e  d i s t i n c t i v e  sod ic  fer rogabbro desc r ibed  e a r l i e r  
( 2 )  have been found, b u t  shea red  concen t ra t ions  of minera l  f ragments ,  ( p l a g i -  
o c l a s e  -Ab34, f e r r o p i g e o n i t e  -Fs65, and c r i s t o b a l i t e )  , presumably from t h i s  

rock type ,  a r e  p r e s e n t  i n  s e v e r a l  samples of the  b r e c c i a .  The t o t a l  q u a n t i t y  
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of s o d i c  fer rogabbro i n  67915 cannot be  l a r g e ,  however, a s  i t  i s  very  h i g h  i n  
K20, and t h e  whole rock i s  extremely low i n  K20 ( 3 ) .  

B a s a l t  c l a s t s  a r e  a r e l a t i v e l y  r a r e  component. Althouqh most apparen t  
b a s a l t  c l a s t s  prove t o  be  t r o c t o l i t e s  wi th  decussa te  texture ,a t  l e a s t  one 
smal l  one i s  a normal mare b a s a l t  i n  t e x t u r e  and mineralogy,  complete w i t h  
high-K p l a g i o c l a s e  and l a t e  s t a g e  concen t ra t ions  of  K and Ba. I f  t h i s  i s  t r u -  
l y  a fragment of mare b a s a l t ,  it r a i s e s  s e v e r a l  problems, i n  p a r t i c u l a r  a s  t o  
i t s  age of  formation.  

Severa l  c l a s t s  of  p e r i d o t i t e  composition have been found. One of  t h e s e  
(Figs .3  and 4) c o n s i s t s  mainly of  a u g i t i c  pyroxene (Er1~~Wo35Fs20; a n a l .  3 )  

wi th  a minor amount of e x s o l u t i o n  r e s o l v a b l e  ( w t .  % CaO v a r i e s  from 15.4 t o  
18.2) , o l i v i n e  (Fogc-62) , p l a g i o c l a s e  (An82-87) , and i l m e n i t e  (Mgo-2.97 w t .  % )  . 
Although badly  shocked and polygonized,  an  o r i g i n a l  igneous t e x t u r e  i s  appar-  
e n t .  Another very  unusual  c l a s t  of  p e r i d o t i t e  c o n s i s t s  mainly of  orthopyrox- 
ene (opx) c r y s t a l s  (F ig .  6)  con ta in ing  perhaps 5% of  o r i e n t e d  l amel lae  of 
cl inopyroxene (cpx) a s  much a s  10 pm t h i c k  (F ig .  7) . The s i z e  and l a r g e  d i f -  
f e rence  i n  composit ion between t h e  cpx lamel lae  CEn41.5Wo42.3Fsl6.2; a n a l .  4) 
and the  opx h o s t  (En66-2Wc3.9Fs29.9; a n a l .  5;  F ig .  8 )  sugges t  a r e l a t i v e l y  low 
e q u i l i b r a t i o n  temperature ,  perhaps 1000°C ( 4 ) .  Severa l  coa rse  c r y s t a l s  of  
twinned b u t  composi t ional ly  s i m i l a r  cpx occur i n  t h e  sane c l a s t ;  t h e s e ,  how- 
e v e r ,  a r e  uniform, i . e . ,  l ack  l amel lae  (F ig .  9 ,  made a t  same s c a l e  f a c t o r s  a s  
Fig .  8 )  . Oliv ine  ( F o ~ ~ ;  a n a l .  6 )  and p l a g i o c l a s e  (Ang3; a n a l .  7) , p l u s  minor 
amounts of i l m e n i t e  (Mg0-3.71%), chromite ,  t r o i l i t e ,  and 2.30% n i c k e l  i r o n  
make up the  balance .  Embedded i n  t h e  opx c r y s t a l s  a r e  c l o t s  of smal l  c r y s t a l s  
of p l a g i o c l a s e  (Anq3) and o l i v i n e  ( F o ~ ~ ) .  Fine  in te rg rowths  (Fig .  10)  o f  opx 
(En62) and t r o i l i t e  occur  throughout t h e  c l a s t ,  mainly i n t e r s t i t i a l  t o  o r  com- 
p l e t e l y  w i t h i n  o l i v i n e  g r a i n s .  One l a r g e ,  s t r o n g l y  curved o l i v i n e  g r a i n  ap- 
p e a r s  t o  have been p a r t l y  r e p l a c e d  wi th  t h i s  in te rg rowth .  A p o s s i b l y  impor- 
t a n t  f e a t u r e  of both  p e r i d o t i t e  c l a s t s  i s  t h e  r e l a t i v e l y  h igh K20 i n  t h e  plag- 
i o c l a s e  (0.10-0.21%), i n  c o n t r a s t  wi th  t h e  bulk of t h e  p l a g i o c l a s e  i n  67915, 
i n  which K20 i s  below t h e  d e t e c t i o n  l i m i t  ( < 0 . 0 5 ) .  

The q u e s t i o n  a r i s e s  whether a l l  t h e  recognized rock types  except  t h e  pos- 
s i b l e  mare b a s a l t  could have been de r ived  from a common p a r e n t  by c r y s t a l  
f r a c t i o n a t i o n ,  a s  has  been suggested ( 5 , 6 ) ,  o r  whether they belong t o  two mag- 
ma s e r i e s  ( s e e  r e f e r e n c e s  i n  7 ) .  This  problem is  t r e a t e d  i n  a companion paper 
by Weiblen and Powell i n  t h i s  volume. 
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