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I n  a  p r e v i o u s  p u b l i c a t i o n  (1 )  we proposed,  f r o m  a n a l y s i s  o f  A p o l l o  14 
and 15 samples by h i g h  v o l t a g e  e l e c t r o n  mic roscopy  (H'JEM), a  s i m p l e  c l a s s i f i -  
c a t i o n  o f  t h e  l u n a r  b r e c c i a s  based on  t h e  p resence  o r  absence o f  r e c r y s t a l  1 i -  
z a t i o n  i n  t h e  m a t r i x .  New o b s e r v a t i o n s  on A p o l l o  17 b r e c c i a s  79035,30 and 
73275,33 i n d i c a t e  t h a t  t h e  m i c r o s c o p i c  and subm ic roscop i c  s t r u c t u r e s  a r e  
s i m i  l a r  t o  t hose  observed  i n  t h e  e a r l  i e r  s t u d y  ( 1 ) .  

Sample 79035 ,30 , co l l ec ted  f r o m  t h e  e j e c t a  o f  Van Serg C r a t e r ,  i s  a  d a r k ,  
f i n e - g r a i n e d ,  f r i a b l e ,  porous  b r e c c i a  w i t h  c l a s t s  o f  i l m e n i t e - r i c h  b a s a l t ,  
f r agmen t - l aden  v e s i c u l a r  g lass -bonded b r e c c i a ,  b l a c k  and o range g l a s s  
spheres and f ragments  and a  g r e e n  g l a s s  s p l a s h  on  t h e  s u r f a c e .  The b a s a l t  
f ragments  e x h i b i t  moderate d e f o r m a t i o n ,  as shown by u n d u l a t o r y  e x t i n c t i o n  i n  
p l a g i o c l a s e  and a u g i t e  and abundant  t w i n n i n g  i n  i l m e n i t e .  The f i n e - g r a i n e d  
m a t r i x  was examined by HVEM and found  t o  be r i c h  i n  g l a s s ,  wh i ch  cements 
b o t h  c r y s t a l  1 i n e  and p r e - e x i s t i n g  g l a s s y  f ragments  ( f i g .  1) and s p h e r u l e s  
( f i g .  2 ) .  The m a t r i x  g l a s s  may be homogeneous ( f i g .  2) o r  " s p o t t e d "  and 
v e s i c u l a r  ( f i g .  1 ) .  The homogeneous g l a s s  commonly cements t h e  v e s i c u l a r  
g l a s s  and i s  t hus  o f  a  l a t e r  o r i g i n .  The c l a s t s  range f r o m  undeformed t o  
deformed o r  p a r t i a l  l y  r e c r y s t a l  1  i z e d  ( s u g g e s t i n g  t h a t  t h e  i n t e r n a l  s t r u c t u r e s  
a r e  i n h e r i t e d )  and i n  some c l a s t s  ( f i g .  3 ) ,  p a r t i c l e  t r a c k s  a r e  we1 1 p r e -  
se rved ,  i n d i c a t i n g  t h a t  t h e  t empe ra tu re  o f  t h e  cement ing g l a s s  was neve r  
s u f f i c i e n t l y  h i g h  t o  anneal  t hese  f e a t u r e s .  T h i s  i s  a  c l a s s  A b r e c c i a  resem- 
b l i n g  14301 ( 1 ) .  

Sample 73275, c o l l e c t e d  f r o m  t h e  1 i g h t  m a n t l e  m a t e r i a l  a t  s t a t i o n  3, i s  
a  l i g h t  c o l o r e d ,  f e l d s p a t h i c  b r e c c i a  w i t h  ve r y  low p o r o s i t y  b u t  some i r r e g u -  
l a r  O.lmm s i z e  v e s i c u l e s .  Large  c l a s t s  o f  p l a g i o c l a s e  (1.0-0.3mm) and smal-  
l e r  0 1  i v i  ne (0.05-0.2mm) and o r t h o p y r o x e n e  (0.1-0.2mm) a r e  we1 l recove red  
( f i g .  4) and have r e a c t i o n  r ims  w i t h  a  f i n e  (0.05-0.001rnm) r e c r y s t a l l i z e d  
m a t r i x ,  c o a r s e r  t han  t h a t  observed  i n  15418. The p l a g i o c l a s e  c l a s t s  a r e  
a n o r t h i t i c ,  Ang7-90, one o f  wh i ch  e x h i b i t s  o p t i c a l l y  v i s i b l e  e x s o l u t i o n ,  
i n d i c a t i v e  o f  a  long ,  h i g h  t empe ra tu re  therma l  h i s t o r y .  The r ims  o f  t h e  
c l a s t s  and t h e  groundmass p l a g i o c l a s e  a r e  more a l b i t i c ,  An85-90. I n  t h e  
e l e c t r o n  mic roscope we have obse rved  recove,red s t r u c t u r e s  ( f i g  . 5)  , r e s o r p -  
t i o n  o f  t w i n s  i n  p l a g i o c l a s e  c l a s t s ,  and e x s o l u t i o n  i n  t h e  r e c r y s t a l l i z e d  
m a t r i x  p l a g i o c l a s e  ( f i g .  6 ) .  T h i s  i s  a  c l a s s  B b r e c c i a ,  more e x t e n s i v e l y  
r e c r y s t a l l i z e d  t han  15418 ( 1 ) .  

E l e c t r o n  mic roscopy  o f  s i n g l e  c r y s t a l  e n s t a t i t e  En@, shocked t o  226 kb 
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and s i n g l e  c r y s t a l  p l a g i o c l a s e  An65, shocked t o  100 kb by R. Gibbons showed 
ex tens i ve  f r a c t u r i n g  b u t  no p l a s t i c  deformat ion  o r  v i t r i f i c a t i o n ,  except  f o r  
s l i g h t  g lass  f o r m a t i o n  a long some cracks i n  t h e  e n s t a t i t e .  Th is  c o n t r a s t s  
markedly w i t h  t h e  s u b s t r u c t u r e  o f  l u n a r  dust  shocked t o  comparable s t resses  
( 1 ) .  

The o p t i c a l  and e l e c t r o n  p e t r o g r a p h i c  evidence f rom a l l  o f  t he  l u n a r  
samples t h a t  we have examined appears t o  war ran t  two impor tant  general  i za- 
t i o n s  rega rd ing  t h e  fo rma t ion  o f  t h e  l u n a r  b r e c c i a s .  (a)  The absence of  
p l a s t i c  deformat ion  and shock v i t r i f i c a t i o n  i n  most o f  t he  igneous rocks c o l -  
l e c t e d  on t h e  moon and i n  many o f  t h e  minera l  and rock c l a s t s  i n  t h e  b recc ias  
i n d i c a t e s  t h a t  t h e  basement igneous rocks c r a t e r e d  o u t  by impacts on the  
l u n a r  s u r f a c e  a r e  i n  a  r e l a t i v e l y  undeformed c o n d i t i o n  when they f i r s t  become 
p a r t  o f  t h e  r e g o l i t h .  (b) The subs t ruc tu res  o f  a l l  t he  b r e c c i a  samples t h a t  
we have examined a r e  cons i s t e n t  w i t h  t h e  hypo thes i s  t h a t  they  were s  imul tane-  
o u s l y  deformed and consol  i d a t e d  by shock waves f rom one o r  more impact events  
a f f e c t i n g  porous reg01 i t h  m a t e r i a l  o f  v a r i e d  provanance*. The c l a s s  A 
b recc ias  were cemented by g l a s s ,  produced by shock ( i 5 0  kb) a t  c l a s t  bounda- 
r i e s  and t h e  c l a s s  B b r e c c i a s  were l i t h i f i e d  by extreme deformat ion  o f  t h e  
f i n e r  g ra ined  m ine ra l  and g lass  c l a s t s  by s t r o n g e r  shock waves, f o l l o w e d  by 
recovery and r e c r y s t a l l i z a t i o n  caused by h e a t i n g  i n  t h e  same shock event .  
We cannot exc lude t h e  p o s s i b i l i t y  t h a t  some r e c r y s t a l l  i z a t i o n  may be due t o  
pure  thermal metamorphism o f  p r e v i o u s l y  1 i t h i f  i e d  b r e c c i a s ,  b u t  o u r  sampl i n g  
suggests t h a t  t h i s  process i s  o f  minor importance. 

We have n o t  y e t  had an o p p o r t u n i t y  t o  examine b recc ias  p a r t i a l l y  mel ted  
by impact (2) , and cannot t h e r e f o r e  assess t h e  c o n t r i b u t i o n  o f  t h i s  pheno- 
menon t o  t h e  process o f  b r e c c i a  fo rma t ion .  

( l ) J .M .Chr i s t i e ,  D.T.Griggs, A.H.Heuer, G.L.Nord, S.V.Radc1 i f f e ,  J .S .La l l y  
and R.M.Fisher, (1973) E l e c t r o n  Petrography o f  A p o l l o  14 and 15 Brecc ias  
and Shock-produced Analogs, Geochim e t  Cosmochim. Acta.  Suppl. 4 ,  Vo l .  1 ,  
p .  365-382. 

( 2 ) ~ . ~ . ~ i m n d s ,  J.L.Warner, W.D. Phinney and R .  Gooley (1973). Lunar Science 
I V Y  pp. 676-678. 
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Pores (p) ,  c r y s t a l s  (c )  and g l a s s  
(g) i n  m a t r i x  o f  79035.30. 

Homogeneous g lass  (g) and ves i cu -  
l a r  g lass  (vg) i n  79035,30. 

R a d i a t i o n  t r a c k s  ( t )  i n  m a t r i x  Recovered p l  a q i o c l  ase c l  a s t  and 
m a t r i x  i n  73275.33. X-Nico ls .  

Pores (P) and d i s l o c a t i o n s  i n  E x s o l u t i o n  i n  p l a g i o c l a s e  f rom 
m a t r i x  p l a g i o c l a s e ,  73275,33. m a t r i x  o f  73275,33. 
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