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Fteccias with f i n e  grained c r y s t a l l i n e  matrix a r e  very common among t h e  
lunar  highland rocks. I n  genera l ,  authors  agreed i n  an impact m e l t  o r i g i n  of 
t h e  matr ix  except f o r  t h e  Fra Mauro breccias .  A model by Warner (1) i n  which 
the  c r y s t a l l i n e  matr ix  was i n t e rp re t ed  t o  r e s u l t  from a s o l i d  s t a t e  recry- 
s t a l l i z a t i o n  of impact d e t r i t u s  by the rna l  metamorphism had been adopted by 
most lunar  s c i e n t i s t s  i n  s p i t e  of var ious  evidence aga ins t  t h i s  view (e.g. 2 ,  
3, 4 ) .  Recently, Warner (5) abandoned h i s  metamorphic model i n  favor  of a 
two-component thermal model (mixture of impact m e l t  and rock debr i ) .  Data 
from c l a s t  population gtudies  (3,4) and from matrix analyses  presented here  
lead t o  a s i m i l a r ,  but somewhat modified concept of t he  r o l e  of impact melt  
i n  t h e  formation of t h e  Fra Mauro brecc las .  

An automated ana lys i s  of t he  matr ix  t ex tu re  and simultaneous ana lys i s  of 
t h e  matrix phases was s t a r t e d  on se lec ted  samples of b recc ias  with c rys t a l -  
l i n e  matrix (14066, 14311, 14320 and a brecc ia  c l a s t  of 14306) of which t h e  
c l a s t  population was analyzed previously ( 3 , 4 )  except f o r  14306. The follow- 
ing parameters of t h e  matr ix  t ex tu re  were obtained by a computerized e l e r -  
t r o n i c  scanning microscope recording 8 d i f f e r e n t  cons t i tuen ts :  n = number of 
p a r t i c l e s  i, d = average scanned length  of chord of i, Vi(%) = ivoluqe per- 
cen t  of p a r t i c f e s  i, S /V = su r f ace  a r ea  of p a r t i c l e s  i per volume percen- 
tage  of p a r t i c l e s  i ( s6ec f f i c  su r f ace ) ,  Si/V = sur face  a r ea  o f  p a r t i c l e s  i 
per t o t a l  sample volume ( inner  s p e c i f i c  sur face) .  1900 g ra in  t r ave r se s  per 
sample were measured i n  a matr ix  a r ea  of about 2 mm (see Table 1 ) .  . 

-Except f a r  14306, which d isp lays  a r a t h e r  homogeneous dark mat r ix ,  a 
conspicuous v a r i a t i o n  of t h e  matr ix  t e x t u r e  of a l l  samples i s  observed wi th in  
a mil l imeter  s ca l e .  Two major types of matr ix  a r e  dark,  f i n e  grained matr ix  
and l i g h t ,  coarse  grained matr ix  (1,  2).  I n  some cases  t h e  boundaries between 
t h e  two types a r e  r a t h e r  sharp,  s o  t h a t  one type appears a s  a c l a s t  wi th in  
t h e  other  type, i n  o ther  cases  t h e  boundaries a r e  d i f fu se .  The l i g h t  matr ix  
tends t o  form sch l ie ren- l ike  bands o r  bodies of i r r e g u l a r  shape between 
a reas  of dark matrix.  The former is  more densely packed with c l a s t s .  The 
following types of matr ix  were s tudied by s te reomet r ic  and microprobe analy- 
sis: 066,46: l i g h t  matr ix  ( a ) ,  dark matr ix  with isometr ic  (b) and l a th - l i ke  
(c) i lmeni te ,  306,3: dark matr ix  with d e n d r i t i c  i lmeni te ,  311,5: l i g h t  matr ix  
( a ) ,  dark matr ix  with i somet r ic  (b) and with pr ismatic  (c) pyroxene and i so-  
metr ic  i lmeni te ,  320,lO: dark matr ix  with isometr ic  i lmeni te .  The modal com- 
p o s i t i o n  of t h e  var ious  types of matr ix  i s  most d i f f e r e n t  f o r  dark and l i g h t  
matr ix  (Table 1 ) :  t h e  l a t t e r  is higher i n  p lag ioc lase  and mesostasis  g l a s s  
and lower i n  mafics ,  i lmeni te ,  and metal. The p r a i n  s i z e  d i s t r i b u t i o n  of 
plagioclase and pyroxene is  bimodal i n  t h e  dark matr ix  with a minimum near 
6.5-9 p which very probably s epa ra t e s  small c l a s t s  ( > 9  p )  from in - s i t u  
c r y s t a l l i z e d  minerals  ( < 6 . 5  )~m) (Fig. 1 ) .  The g ra in  s i z e  d i s t r i b u t i o n  i n  t h e  
l i g h t  matr ix  i s  more i r r e g u l a r .  A l l  phases of t h e  l i g h t  matr ix  a r e  coarser  
grained than those of t h e  dark matr ix  and consequently have t h e  lowest 
va lues  of s p e c i f i c  su r f ace  si/VI  able 1 ) .  The inner  s p e c i f i c  surface of 
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t h e  matr ix  c o n s t i t u e n t s  which is a f ~ n c t i o n ~ o f  their volume percentage and 
of t h e  g r a i n  s i z e ,  v a r i e s  c h a r a c t e r i s t i c a l l y  with matr ix  type. I n  t he  dark 
matrix types (306; 066 b ,c ;  311 b ,c ;  320 a ,b)  p lag ioc lase  and pyroxene + 
o l i v i n e  have almost i d e n t i c a l  values  although the  plag : px + 01 r a t i o  
v a r i e s  between 0.8 and 2.2 (Table 1 ) .  In c o n t r a s t ,  i n  the  l i g h t  matr ix  t h e  
va lues  a r e  lower but  d i s t i n c t l y  higher  f o r  p lag ioc lase  than f o r  pyroxene. 
The l a t h - l i k e  shape of i lmeni te  i n  066 c is  r e f l e c t e d  by a higher  inner  spe- 
c i f i c  su r f ace  compared t o  066 b. The geometry of c r y s t a l  intergrowth can be 
bes t  seen from t h e  " t r a n s i t i o n  matrix" (Table 2) which gives  t he  frequency 
of two-phase contac t  a reas  i n  percent  of t he  t o t a l  su r f ace  a r ea  of a l l  
cons t i t uen t  phases. Deviation from a i d e a l  mosaic t ex tu re  with random 
d i s t r i b u t i o n  of cons t i t uen t s  is expressed by the  devia t ion  from t h e  propor- 
t i o n a l i t y  of t h e  volume percentage of a phase and i ts  contact  frequency t o  
another phase (compare Tables 1 and 2). A most important r e s u l t  is t h a t  a l l  
measured dark matr ix  types approach mosaic-like t ex tu re  of p lag ioc lase ,  
pyroxene (+ o l i v i n e ) ,  and i lmen i t e  except f o r  306, 066 b ,  and t h e  l i g h t  
matr ix  (066a, 311a). I n  t he  l a t t e r  t h e  predominance of plagioclase-mesosta- 
sis con tac t s  is conspicuous (Table 2 ) .  I n  summary, our q u a n t i t a t i v e  t e x t u r a l  
da t a  do not  show a c l e a r  trend f o r  a t e x t u r a l  sequence i n  the  matr ix  of 311, 
320, and 966 (Warner's former grades 5,6,7) a s  postulated by (1,5).  For t h e  
regular  dark matr ix  a s l i g h t  increase  of t h e  inner  s p e c i f i c  sur face  of 
p lag ioc lase  and pyroxene i n  t he  order  311, 320, 066 may be  read from Table 2. 

P lag ioc lase  of each type of matr ix  shows a broad v a r i a t i o n  of the  
An-content (mostly 65-90 mol.%) and i s ,  i n  genera l ,  h igher  i n  FeO than the  
c l a s t s .  Pyroxene occupies a very narrow range of composition and i s  very low 
i n  Ca i n  a l l  dark matr ix  types. It tends t o  be more p igeoni t ic  i n  t he  l i g h t  
matrix.  I lmeni te  is  typ i ca l ly  higher i n  C r  and T i  than t h e  c l a s t s .  Its MgO- 
content  ranges between 3.0 and 5.0 wt .%. I n t e r s t i t i a l  mesostasis g l a s s  
contains  9-13 w t . X  K 0 ,  63-75 % Si02, 12-19 % A 1  0 and l e s s  than 1 X f o r  
each of t h e  o ther  mazn oxides. Composition and tgx2;ral occurrence speak i n  
favor  of a r e s i d u a l  m e l t  o r i g in .  The composition of t he  complete metal popu- 
l a t i o n  (fragmental and in - s i t u  formed) measured i n  s ec t i ons  066,7, 311,7, and 
320,8 d i f f e r s  s t rongly  from t h a t  one of Apollo 14 s o i l  (6) because only a 
small  por t ion  of g r a in s  f a l l s  i n t o  t he  f i e l d  f o r  me teo r i t i c  composition 
(7,  hor izonta l  band i n  Fig. 2 ) .  

Discussion. Based on t h e  present  da ta  and on o the r  information ( 2 , 3 , 4 ,  
9,10,11) we propose t h e  following model f o r  t he  formation of t he  Fra Mauro 
c r y s t a l l i n e  matr ix  brecc ias  : (a) Formation of impact melt  i n  one o r  more lo-  
c a l ,  pre-Imbrian c r a t e r s  and mixing of melt and l e s s  shocked fragmented rock 
mater ia l  guring c r a t e r  excavation with i n i t i a l  m e l t  temperatures of a t  l e a s t  
some 1700 C (z i rcon reac t ion  r i m s  around baddeleyi te) .  (b) Formation of a 
s e r i e s  of b recc ia  types ranging from coherent f ragment-laden melt rocks t o  
suevi te- type d e t r i t a l  b recc ias  r i c h  i n  d i s c r e t e  c lods of melt i n  analogy t o  
observat ions i n  t e r r e s t r i a l  c r a t e r s  such a s  Lappajarvi,  Dellen, Rochechouart 
(11,12). (c) Concentration of cold c l a s t i c  mater ia l  i n  sch l ie ren- l ike  bodies 
by f l o t a t i o n  e f f e c t s  (10) t o  form t h e  parent  of t h e  l i g h t  matrix i n  t h e  f i r s t  
b recc ia  type or formhtion of an in t imate  mixture of impact d e t r i t u s  with in- 
dependent c lods of melt  t o  form t h e  parents  of l i g h t  and dark matr ix  i n  t he  
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second type (14311 most c lo se ly  resembles t h e  f i r s t  type,  14066 and 14320 are 
t r a n s i t i o n a l  t o  t h e  l a t t e r  type).  (d) F i r s t  c r y s t a l l i z a t i o n  of melt i n  c l a s t -  
r i c h  a reas  ( l i g h t  matr ix)  a t  high temperatures with c l a s t s  ac t i ng  a s  nuclea- 
t i o n  cen te rs :  formation of a r e l a t i v e l y  coarse  grained t e x t u r e  with pigeoni- 
t i c  pyroxene'and An-rich plagioclase.  (e) Subsequent c r y s t a l l i z a t i o n  of m e l t  
i n  clast-poor a r ea s  (dark matrix) a t  lower temperatures (supercooled l i q u i d  
(5))  with simultaneous formation of a l a r g e  number of nuc l e i ;  formation of a 
f i n e  grained mosaic-like t ex tu re  wi th  law Ca-pyroxene; f u r t h e r  t e x t u r a l  va r i -  
a t i o n  of t h e  matr ix  most probably r e s u l t i n g  from v a r i a t i o n  of t h e  bulk chemi- 
s t r y  due t o  d i f f e r e n t  degrees of c l a s t  melting. ( f )  Breccia mater ia l  now 
re s id ing  i n  a more o r  l e s s  t h i ck  impact formation with slow cooling from tem- 
pera tures  near  800 '~  a s  ind ica ted  by t h e  preservat ion of highly s i l i c e o u s  
g lass .  

Compared t o  (8) our model emphasises t h a t  t h e  c r y s t a l l i n e  matr ix  brec- 
c i a ~  of Apollo 14 may include c e r t a i n  types which a r e  not  derived from frag-  
ment-laden m e l t  but  r a t h e r  from very melt-rich, d e t r i t a l  s u e v i t i c  parents .  
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