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SIZE, COMPOSITION, AND PROVENANCE OF FRAGMENTAL PAR- 
TICLES I N  APOLLO 14 BRECCIAS 
D .  S t B f f l e r ,  H.-D.  K n b l l ,  and W.-U, Reimold,  I n s t i t u t e  o f  Miner-  
a l o g y ,  U n i v e r s i t y  o f  Mans t e r ,  D - 4 4  Miinster ,  Germany 

The u n d e r s t a n d i n g  o f  t h e  p re - Imbr ian  s e l e n o l o g i c  h i s t o r y  of  
t h e  l u n a r  c r u s t  and o f  t h e  Imbr ian  e v e n t  i t s e l f  depends l a r g e l y  
on t h e  i n t e r p r e t a t i o n  o f  t h e  t e x t u r a l  and c o m p o s i t i o n a l  p r o p e r -  
t i e s  of  t h e  F r a  Mauro b r e c c i a s .  Through t h e  combined a n a l y s e s  of 
t h e  s i z e  d i s t r i b u t i o n ,  t h e  modal compos i t ion  o f  t h e  c o n s t i t u e n t  
p a r t i c l e s  and t h e  chemica l  compos i t ion  o f  f r a g n e n t a l  p l a g i o c l a s e  
w e  a t t e m p t  t o  o b t a i n  more i n f o r m a t i o n  about  t h e  p rovenance  o f  
t h e  f r a g m e n t a l  and i n  s i t u  formed components and t h e i r  mode o f  
a g g r e g a t i o n  i n  t h e  Frau  Mauro b r e c c i a s ,  - - 

Gra in  s i z e  d i s t r i b u t i o n s  were o b t a i n e d  f rom photomicro-  
g r a p h s  of p o l i s h e d  t h i n  s e c t i o n s  a t  v a r i o u s  m a g n i f i c a t i o n s  i n  
t h e  s i z e  r a n g e  from 0 = 0 t o  8 = 4,75 (1-0.037-mm). The measured 
d i a m e t e r s  a r e  t h e  d i a m e t e r s  o f  e q u a l  a r e a  c i r c l e s .  The r e s u l t s  
a r e  p l o t t e d  i n  F i g .  1 as g r a i n  number f r e q u e n c i e s .  For  compari -  
son  weight  p e r c e n t  f r e q u e n c i e s  were r e c a l c u l a t e d  f o r  l u n a r  s o i l s  
(1) and a t e r r e s t r i a l  p y r o c l a s t i c  ba se  s u r g e  ( 2 ) .  It can  be  i n -  
f e r r e d  from c a l c u l a t e d  " a p p a r e n t "  s t a t i s t i c a l  measures  t h a t  t h e  
" g r a p h i c  mean" shows a n e g a t i v e  l i n e a r  c o r r e l a t i o n  w i t h  t h e  
" s o r t i n g "  i n  t h e  0 s c a l e .  The o v e r a l l  g r a i n  s i z e  d e c r e a s e s  i n  
t h e  sequence n e t a b r e c c i a s  (14006,  14321)  r e g o l i t h  b r e c c i a  
(14055)  immature s o i l ,  (14149)  ma tu re  s o i l  (14259)  whereas  t h e  
" a p p a r e n t "  d e g r e e  o f  s o r t i n g  i n c r e a s e s .  S u e v l t e  and t h e  b a s e  
s u r g e  p l a n e  beds  ( 2 )  f a l l  o f f  t h i s  c o r r e l a t i o n ,  t h e  fo rmer  i s  
c o a r s e r  and p o o r e r  s o r t e d ,  t h e  l a t t e r  i s  f i n e r  t h a n  t h e  l u n a r  
b r e c c i a s  bu t  similar i n  t h e  d e g r e e  o f  s o r t i n g .  The c l a s t  popula -  
t i o n  o f  t h e  R i e s  g l a s s  bomb 618 f a l l s  o n t o  t h e  " l u n a r "  c o r r e l a -  
t i o n  bu t  h a s  a f i n e r  g r a i n  s i z e  and h i g h e r  d e g r e e  of s o r t i n g  a s  
compared t o  t h e  l u n a r  po lymic t  b r e c c i a s .  I n  a p r e l i m i n a r y  i n t e r -  
p r e t a t i o n  i t  cou ld  be s t a t e d  t h a t  t h e  c l a s t  p o p u l a t i o n  of  t h e  , 
m e t a b r e c c i a s  seems t o  be  produced by impact comminution which 
remained i n  t h e  s t a t e  of  h i g h  immatu r i t y  more s i m i l a r  t o  a s i n -  
g l e  impact fo rmat  i o n  t h a n  any o t h e r  of  t h e  measured l u n a r  im- 
p a c t o c l a s t i c  m a t e r i a l s ,  A d d i t i o n a l  d a t a  a r e  needed f o r  a more 
t ho rough  i n t e r p r e t  a t  i o n .  

I n  F ig .  2 t h e  c l a s t  p o p u l a t i o n  f o r  p l a g i L 2 c l a s e  and m a f i c  
m i n e r a l s  > 25 N i s  opposed t o  t h e  p r o p o r t i o n  o f  t h e s e  m i n e r a l s  
i n  some main t y p e s  of  p o s s i b l e  " ign?ousl '  s o u r  e  r o c k s ,  The meta-  
b r e c c i a s  14006, 14321 ( d a r k  m a t r i x )  and 14311 a r e  c h a r a c t e r i z e d  
by a  r a t i o  o f  p l a g i o c l a s e  and maf i c  m i n e r a l s  which i s  about  2 : 1 ,  
Most Apol lo  1 4  b a s a l t s  have a  much lower  r a t i o  of  up t o  about  
1 : 3 ,  ( 3 ) ,  Only Group I b a s a l t s  ( 4 )  and c e r t a i n  s e c t i o n s  of  14310 
( 4 )  have r a t i o s  similar t o  t h o s e  of t h e  b r e c c i a s ,  Fur thermore  
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t h e  c l a s t  p o p u l a t i o n  ( >  25 11) o f  t h e  r e g o l i t h  b r e c c i a s  and t h e  
s o i l  14259 is d i s t i n c t l y  d i f f e r e n t  f rom t h e  p o p u l a t i o n  o f  t h e  
m e t a b r e c c i a s .  T h i s  c o n f i r m s  t h e  well  known f a c t  t h a t  t h e  two  
t y p e s  o f  b r e c c i a s  are n o t  g e n e t i c a l l y  r e l a t e d .  I n s p e c t i o n  o f  t h e  
m a t r i c e s  of t h e  m e t a b r e c c i a s  r e v e a l  h i g h e r  p r o p o r t i o n s  o f  m a f i c  
m i n e r a l s  compared t o  t h e  c l a s t s .  T h i s  c a n  a l s o  b e  s e e n  i f  t h e  
m i n e r a l  norms c a l c u l a t e d  f rom whole  r o c k  c h e m i c a l  a n a l y s e s  ( 5 )  
a r e  compared w i t h  t h e  c l a s t  p o p u l a t i o n  ( F i g .  2 ) .  I n  c o n t r a s t ,  
t h e  norm o f  b r e c c i a  14318 d o e s  n o t  d i f f e r  from t h e  mode w i t h  r e -  
s p e c t  t o  t h e  p l a g  : m a f i c s  r a t i o .  C o n s e q u e n t l y  t h e  p r i m a r y  ma- 
t r i x  m a t e r i a l  o f  t h e  m e t a b r e c c i a s  must  b e  d i f f e r e n t  f rom t h e  
c l a s t  m a t e r i a l  w h e t h e r  it is  d e r i v e d  from g l a s s y  o r  f rom d e t r i -  
t a l  m a t e r i a l  b e f o r e  t h e  r e c r y s t a l l i z a t i o n  t o o k  p l a c e .  

M i n e r a l  c h e m i s t r y .  The f o l l o w i n g  r e s u l t s  f o r  t h e  c h e m i c a l  
c o m p o s i t i o n  o f  t h e  p l a g i o c l a s e  c l a s t s  i n  b r e c c i a s  14006 a n d  
14321  are  s i g n i f i c a n t  ( F i g .  3 - 5 ) :  1) The r a n g e  o f  An- and Fe-  
c o n t e n t  i s  b r o a d e r  t h a n  t h a t  o f  p l a g i o c l a s e  f rom a s i n g l e  m a j o r  
t y p e  o f  i g n e o u s  r o c k .  2 )  T h e r e  k s  a  m o d e r a t e l y  pronounced nega-  
t i v e  c o r r e l a t i o n  be tween  Fe- and  An-con ten t .  3 )  T h e r e  i s  a weak- 
l y  p ronounced  n e g a t i v e  c o r r e l a t i o n  be tween  F e - c o n t e n t  and g r a i n  
s i z e  o f  t h e  m e a s u r e d  p l a g i o c l a s e .  D a t v r o m  v a r i o u s  a u t h o r s  ( e , g ,  
6 , 7 )  d e m o n s t r a t e  t h a t  t h e  F e - c o n t e n t  o f  p l a g i o c l a s e  and t o  some 
e x t e n t  a l s o  t h e  An-con ten t  i s  c h a r a c t e r i s t i c a l l y  d i f f e r e n t  i n  
t h e  m a j o r  t y p e s o f  l u n a r  " p r i m a r y "  i g n e o u s  r o c k s ,  The h i g h e s t  r e -  
p o r t e d  FeO-value f o r  an  A p o l l o  1 4  b a s a l t  i s  n e a r  0 , 9  (8). Com- 
p a r i s o n  w i t h  t h e s e  d a t a  l e a d s  t o  t h e  c o n c l u s i o n  t h a t  t h e  p l a g i o -  
c l a s e  c l a s t  p o p u l a t i o n  o f  t h e  m e t a b r e c c i a s  i s  a  m i x t u r e  o f  p l a -  
g i o c l a s e  from a t  l e a s t  t h r e e  s o u r c e s :  a )  a n o r t h o s i t e s  b ) d i f f e r -  
e n t  t y p e s  o f  A p o l l o  1 4  b a s a l t s  and p o s s i b l y  c )  r o c k s  w i t h  i r o n -  
r i c h  p l a g i o c l a s e  o b v i o u s l y  unknown s o  f a r  from t h e  Apol lo  1 4  
s i t e .  P l a g i o c l a s e  fra,gment s f rom n o r i t  i c ,  t r o c t o l i t  i c  and dun-  
i t i c  r o c k s  c o u l d  b e  admixed as w e l l ,  T h i s  i s  c o n s i s t e n t  w i t h  t h e  
l i t h i c  c l a s t  p o p u l a t i o n  o f  t h e  m e t a b r e c c i a s .  The w e l l  documented 
c o m p l e x i t y  o f  l i t h i c  c l a s t s  i n  14321  ( 9 ,  10)  i s  d u p l i c a t e d  i n  
t h e  younger  m a t r i x  by t h e  p l a g i o c l a s e  c l a s t  p o p u l a t i o n .  The r e -  
s u l t s  show t h a t  t h e  m i n e r a l  c l a s t  p o p u l a t i o n  i s  a n  u s e f u l  p e t r o -  
g e n e t i c  i n d i c a t o r  i n  o r d e r  t o  e l u c i d a t e  t h e  impac t  h i s t o r y  o f  
s m a l l - s i z e d  l u n a r  b r e c c i a s  s u c h  a s  14006, S i m i l a r  a n a l y s e s  on 
a l l  t y p e s  o f  F r a  Mauro b r e c c i a s  n a y  e v e n t u a l l y  g i v e  more i n s i g h t  
i n  t h e  s e q u e n c e  o f  p r e - I m b r i a n  and I m b r i a n  impac t  and t h e r m a l  
e v e n t s  r e c o r d e d  i n  t h e s e  r o c k s .  

R e f e r e n c e s ,  (1) LSPET, 1971 ,  S c i e n c e  1 7 3 ,  681-693 ( 2 )  S h e r -  
i d a n ,  M .  F . ,  1971 ,  J. Geophys. Res ,  76 ,  5627-5634 ( 3 )  G a n c a r z ,  
A .  3 .  , A l b e e ,  A ,  L. , and Chodos, A . A .  , 1971,  E a r t h  P l a n e t .  S c i .  
L e t t e r s  1 2 ,  p. 1-18 ( 4 )  & e e l e ,  1 . M .  and S m i t h ,  J.V., 1972 
p 2 - L u n a r  S c i . C o n f .  3  , p.  971-961 ( 5 )  P r o c .  Lunar S c i . C o n f .  
-' 1972 ,  v o l .  1 and 2 ( 6 )  Dowty, E. e t  a l , ,  1 9 7 3 ,  S p e c i a l  Pub- 
l i c a t  i o n  No. 9 ,  UNM I n s t i t u t e  o f  l l e t e o r i t i c s  ( 7 )  Hlava ,P .F ,  e t  a l .  
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n a r  S c i e n c e  111, 624-626, The L S I ,  Houston ( 9 )  G r i e v e ,  R . A . ,  
McKay, G . A . ,  Smi th ,  H . D , ,  and W e i l l ,  D ,F . ,  1975 ,  Geochim. Cosmo- 
chim,Acta  39,  p ,  229-245 ( 1 0 )  Duncan, A . R . ,  G r i e v e ,  A.F., and 
W e i l l ,  D.F., 1975 ,  Geochim, Cosmochim. Acta  $8, p.  265-273 (11) 
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1972,  P roc ,  Lunar S c i .  Conf, 3 , p ,  753-770 ( 1 3 )  Meyer, H . O . A . ,  
M e R a l l i s t e r ,  H . ,  and Hsiao-Ming T s a i ,  1975,  Proc .  Lunar Sc i .Conf .  
6  p.595-614 (48) Carr, M . H . ,  and Meyer, C.E., 1972,  P roc .  Lu- 
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Fig .  2 :  Modal abundances  ( v o l . % )  I , I I = g r o u p  I and I1 A 1 4  
( 4 ) ;  l = d a r k  and l i g h t  m e t a b r e c c i a s  from A 14  c o a r s e  f i n e s  
14318 (mode) 3=14318 (no rm) ,  4=14006 (norm) ;  o t h e r  d a t a  i 
from ( 1 2 ) .  F i g .  2: Gra in  number f r equency  v e r s u s  g r a i n  s i  

b a s a l t  g 
( 1 4 ) 2 =  
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