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Automated l i n e  scanning of t h i n  sec t ions  was successful ly  
used t o  quant i fy the  t e x t u r a l  va r i a t ion  of the Apollo 1 4  
breccias  (1) .  Based on t e x t u r a l  proper t ies  such as  grain s i z e  
parameters of the  fragmental cons t i tuents ,  modal composition 
(V.), s p e c i f i c  surface area  (S./V.), inner  s p e c i f i c  surface 
arha (S./V) and spec i f i c  contaEt b e a  of i n  s i t u  c r y s t a l l i z e d  
matrix Eonst i tuents ,  a  new c l a s s i f i c a t i o n  and genet ic  model of 
the  Fsa Mauro brecc ias  was derived ( I ) .  This model adopts impact 
melt, melt agglomerates and suev i t i c  breccias  a s  parent rocks 
f o r  the c r y s t a l l i n e  and c l a s t i c  matrix breccias  of the 
Apollo 1 4  landing s i t e .  
Recognizing the  insuff ic iency of bulk chemical ana lys is  f o r  
breccia  c l a s s i f i c a t i o n  ( 2 ,  F i g . l ) ,  and pos tu la t ing  a  common 
genet ic  framework f o r  a l l  types of impact-generated lunar  high- 
land breccias  we extended quan t i t a t ive  t e x t u r a l  analyses t o  
breccias  of the  Apollo 15, 16,  and 17 landing s i t e s .  Se lec t ion  
of samples was made according t o  t he  type of matrix using qual i -  
t a t i v e  c r i t e r i a  s i m i l a r  t o  those applied by other  c l a s s i f i c a t i o n  
models (4,5) .  The following types of breccias  have been s tudied 
(including some previously analyzed Apollo 14 breccias) :  brec- 
c i a s  with c l a s t i c  matrix (CM; 14-063, 76255), breccias  with 
dark, f ine-grained, equigranular c r y s t a l l i n e  matrix which par t -  
l y  contain areas  of l i g h t ,  coarser grained matrix (DM+LM;14006, 
14306,14066,14311, 14319, 14320, 14312, 14321, 72215, 72255, 
73215, 73235), breccias  with p o i k i l i t i c  c r y s t a l l i n e  matrix (PM; 
65015, 77135), one breccia  with g r a n u l i t i c  c r y s t a l l i n e  matrix 
(79215), and brecc ias  with in t rus ive- l ike  dark, fine-grained 
c r y s t a l l i n e  matrix known as  black-and white rocks (1 5405,15455). 
The f i r s t  aim of the  study i s  t o  s u b s t i t u t e  the  q u a l i t a t i v e  
c r i t e r i a  of brecc ia  c l a s s i f i c a t i o n s  which o f t en  use i l l -def ined ,  
descr ip t ive  terms such as  "l ight-gray" , "blue-gray" , "porphyri- 
t i c " ,  "aphani t ic"  , "microhornfelsic" , etc .  by quant i ta t ive  tex- 
t u r a l  paramaters. The second aim i s  t o  check whether the  cur- 
r e n t  c l a s s i f i c a t i o n  models can be confirmed or  have t o  be modi- 
f i e d  and whether they can be reconciled with a  genetic i n t e r -  
p re ta t ion  based on geologically well defined t e r r e s t r i a l  impact 
breccias.  
The grain s i z e  d i s t r i b u t i o n  of the c l a s t s  (Fig. 2) reveals  
c h a r a c t e r i s t i c  d i f ferences  among the various groups of breccias .  
According t o  t h e  c r i t e r i a  developed i n  (3) the c l a s t i c  f r a c t i o n  
of a l l  brecc ias  obviously has undergone modest reworking by 
multiple impact comminution. The mean gra in  s i z e  i s  ty-pically 
smaller f o r  t h e  c l a s t  population of the  breccias  with p o i k i l i t i c  
matrix and in t rus ive - l ike ,  dark matrix (black and white rocks) 
compared t o  the  bulk of breccias  with dark, fine-grained equi- 
granular c r y s t a l l i n e  matrix, This could possibly be in terpre ted  
as  a  r e s u l t  of a  s ingle  impact event i n  which fine-grained 
c l a s t i c  mater ial  was mixed i n t o  an impact melt similar t o  the 
fragment-laden Ries g lass  bomb ( ~ i g .  2 ) .  
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Subs tant ia l  d i f ferences  among the brecc ia  groups have been ob- 
served with respect  t o  the  grain s i z e  d i s t r i b u t i o n  and other  
t e x t u r a l  parameters such as  spec i f i c  surface area and contact 
area of the  i n - s i t u  c r y s t a l l i z e d  matrix minerals. The matrix 
minerals of brecc ias  with p o i k i l i t i c  and g r a n u l i t i c  c r y s t a l l i n e  
matrix have a  l a r g e r  mean gra in  s i z e  and standard deviat ion 
(worse sor t ing)  than brecc ias  with dark and l i g h t ,  f ine-grained, 
equigranular c r y s t a l l i n e  matrix including the  black and white 
rocks (Fig. 3 ) .  I n  Fig. 4  t h e  spec i f i c  surface area  of plagio- 
c lase  and pyroxene+olivine of the  matrix i s  p lo t t ed  versus 
t h e i r  modal content. Again the  p o i k i l i t i c  and g r a n u l i t i c  
breccias  l i e  outs ide the  f i e l d  of dark (and l i g h t )  matrix 
breccias.  
A good c r i t e r i o n  f o r  t h e  d i s t i n c t i o n  of the  d i f f e r e n t  types of 
c r y s t a l l i n e  matrix i s  the modal mesostaeis content. I n  Fig. 5 
i t  i s  p lo t t ed  versus the  inner  spec i f i c  surface area of matrix 
plagioclase.  The g r a n u l i t i c  matrix has a  very low spec i f i c  sur- 
face area of plagioclase and a  very low mesostasis content. The 
p o i k i l i t i c  matrix has a  low spec i f i c  surface area and a  medium 
mesostasis content.  The l i g h t  c r y s t a l l i n e  matrix of Apollo 1 4  
breccias  has a  medium spec i f i c  surface area and a  medium t o  
high mesostasis content,  whereas the  dark c r y s t a l l i n e  matrix 
and the in t rus ive - l ike ,  dark c r y s t a l l i n e  matrix of the black 
and white r ~ c k s  have a high spec i f i c  surface area of plagio- 
c lase  and a  low t o  medium mesostasis content. 
I n  Fig. 6  the  s p e c i f i c  contact area of plagioclase and of pyro- 
xene+olivine i s  p lo t t ed  versus the  modal mesostasis content. 
The l i g h t  c r y s t a l l i n e  matrix of breccias  14311 and 14066 are  
ly ing  f a r  outs ide the  f i e l d  of the other  breccias  which const i -  
t u t e  a r a t h e r  homogenenous group i n  t h i s  p lo t .  This i s  due t o  
*he very high s p e c i f i c  contact areas  between plagioclase and 
mesostasis and pyroxene+olivine and mesostasis i n  these two 
breccias  which prevents a high frequency of plsgioclase-pyro- 
xenecolivine contacts .  
The r e s u l t s  discussed above and the confusion xhich has been 
caused by the  current ly  inconsis tent  c l a s s i f i c a t i o n  models of 
lunar  highland breccias  support our opinion t h a t  these c l a s s i -  
f i c a t i o n s  have t o  be revised on the  bas i s  of quan t i t a t ive  
microscopic and macroscopic t e x t u r a l  proper t ies  of the breccias  
and observations obtained from t e r r e s t r i a l  impact c ra te r s .  
These da ta  combined with appropriate selenological  information 
provide a  gene t i ca l ly  or iented c l a s s i f i c a t i o n  model of the 
lunar  highland breccias  which i s  given by (6) i n  t h i s  volume. 
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Figure capt ions:  Fig.1; Bulk chemical ana lys i s  of some luna r  
highland brecc ias .  Crosses: primary lunar  igneous rocks I-VIII 
analyses from ( 7 ) ,  IX-XI1 analyses from 8-13, RB = 14-955, 15427; 
Fig.2; Medium gra in  s i z e  (Graphic Mean) versus  so r t ing  (Inclu-  
s ive  Standard ~ e v i a t i o n )  (14) of c l a s t s  embedded i n  var ious 
luna r  highland b recc ia s ;  Fig.3; Medium gra in  s i z e  versus  so r t -  
i n g  of matrix p lag ioc lase  of var ious lunar  c r y s t a l l i n e  matrix 
brecc ias ;  Fig-4;  Spec i f i c  surface a rea  (15) of matrix minerals 
(p lag ioc lase ,  pyroxene+olivine) versus t h e i r  modal content;  
Fig.5; Inner  s p e c i f i c  surface a rea  (15) of matrix p lag ioc lase  
versus  modal mesostasis content ;  Fig.6: Spec i f i c  contact  a rea  
(1 5) of p lag ioc lase  and pyroxene+olivine versus modal meso- 
s t a s i s  content. - For symbols see Fig.3. 
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