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We repor t  r e s u l t s  from continued t e x t u r a l  and compositio- 
nal s t u d i e s  of the  c l a s t i c  mater ia l  of Fra Mauro brecc ias  
(14006, 14321, 14066 and 14063) with the  aim of deducing i t s  
geological provenance and deformational h i s to ry .  

The gra in  s i z e  d i s t r i b u t i o n  of the  c l a s t s  i n  14066 and 
14063 i s  cons is ten t  with the  g ra in  s i z e  c h a r a c t e r i s t i c s  repor t -  
ed f o r  o ther  brecc ias  with c r y s t a l l i n e  matrices (14006, 14311, 
?4329, 14321) by (1 ) .  According t o  Fig. I  a l l  b recc ias  have , 
very s i m i l a r  s i z e  d i s t r i b u t i o n s .  An important observation i s  
t h a t  the c l a s t  population of b recc ias  with c r y s t a l l ' n e  matr ices  3 of var iable  t ex tu re  (metamorphic grades 4  - 6  of (2)  have par- 
t i c l e  s i z e  p roper t i e s  which a re  almost i d e n t i c a l  i n  the  measur- 
ed s i z e  range of 0.0 - 4.75 @ t o  those of brecc ia  14063 whose 
matrix i s  d e t r i t a l .  Compared t o  t e r r e s t r i a l  s ing le  impact de- 
t r i t u s  the  c l a s t i c  mater ia l  of the  Fra Mauro b recc ias  appears 
t o  be reworked by mul t ip le  impact but i t  i s  s t i l l  f a r  from 
reaching the steady s t a t e  of the  lunar  r ego l i th .  

Previous da ta  on the  chemical composition of the  plagio- 
c lase  c l a s t  population i n  some Fra  Mauro brecc ias  ( I )  showed 
that the  provenance of the mineral c l a s t  population might be 
determined successfu l ly  by p a r t i c u l a r  major and minor element 
co r re la t ions  which a re  ind ica t ive  of the  geological  and chemi- 
ca l  environment i n  which the  minerals c r y s t a l l i z e d  (3 ,  4 ,  5). 
The c o r r e l a t i o n  of some oxides i s  p l o t t e d  f o r  pyroxene and 
o l iv ine  c l a s t s  of brecc ias  14006 and 14321, and f o r  plagioclase 
c l a s t s  of brecc ias  14063 and 14066 (Fig. 2-7). I n  a l l  p l o t s  the  
da ta  a re  opposed t o  enci rc led  f i e l d s  which contain l i t e r a t u r e  
da ta  poin ts  f o r  t h e  corresponding mineral phases from the  th ree  
msin groups of primary igneous rocks (mare b a s a l t s ;  KRFEP and 
high alumina b a s a l t s ;  and anorthositic-noritic-troctolitic 
rocks indica ted  i n  Figs.  2 - 7 b  s o l i d ,  solid-crossed, and 
sol id-dot ted l i n e s ,  r e spec t ive ly  5 . It can be concluded from 
these da ta  and from plagioc lase  d a t a  of 14006, 14311, 14320, 
and 14321 given by ( I )  t h a t  the  mineral c l a s t  population of a l l  
analyzed brecc ias  i s  dominated by high-alumina and/or KREEP 
b a s a l t s .  It contains minor amounts of ANT-rocks, dun i t e ,  sp ine l  
t roc to l i te ,  and possibly o ther  types of mare b a s a l t s .  The pro- 
por t ion  of these minor cons t i tuen t s  i s  r a t h e r  va r i ab le  from 
brecc ia  t o  breccia:  14006, 14321 and 14063 contain ANT-mineral 
c l a s t s  (p lagioc lase ,  pyroxene), whereas 14311, 14320 and 14066 
(dark matrix) a re  obviously lacking  t h i s  component. I n  addi t ion  
14006 and 14321 (dark matrix) ca r ry  o l iv ine  c l a s t s  very pro- 
bably derived from sp ine l  t r o c t o l i t e  and duni te ,  respect ive ly  
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(Figs, 6 and 7). Some of the mineral clasts in Figs. 2 - 5 fall 
outside of the encircled fields for common lunar igneous rocks. 
The reason is not well understood. One possible explanation is 
,that part of the clasts originate from rocks which crystallized 
from impact melts of hybrid chemical composition and abnormal 
cooling history. In spite of this complexity in the presented 
provenance statistics the mineral clast population of the Fra 
Mauro breccias reveals the record of two important processes 
which belong to the pre-Imbrian time if we adopt the view that 
the breccias themselves are clasts in the Fra Mauro formation: 
a) mare-type volcanism (6, 7), and b) excavation of plutonic 
rock types such as dunites and troctolites by early large 
basin-forming events, 
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Figure captions. Fig.?: cumulative volume-frequency size 
distribution of the clast population of Fra Mauro breccias and 
soil 14259; suevite from Otting,Ries; hatched area: range for 
the breccias 14006, 14055, 14311, 14320, 14321, Fig. 2 - 7: 
composition of randomly selected mineral clasts in Fra Mauro 
breccias; straight lines and crossed bars indicate regression 
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