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Samples returned from the  lunar  t e r r a  have a greac va r i e ty  of tex tures  and 
a wide range of compositions. The textures  are  dominated by impact fragmenta- 
t i o n  and thermal metamorphism, but clues t o  the  nature of t h e  source rocks a re  
found i n  varying degree i n  all t h e  samples. The documented samples a re  divid- 
ed in to  three  groups on the  bas i s  of t h e  information they y i e l d  about pre- 
excavation processes: (1) breccias with glassy t o  f ine ly  annealed matrices and 
c l a s t s ;  (2)  c r y s t a l l i n e  rocks i n  which pre-excavation t ex tu re  i s  more-or-less 
i n t a c t ;  and (3)  ca tac la s t i c  breccias  i n  which pre-brecciation textures  a r e  
s p o t t i l y  preserved. 

Rocks of the  f i r s t  group, t h e  majority of returned samples, y i e l d  l e a s t  
d i r ec t  information about t h e i r  or ig in .  These breccias  have high matr ix/clast  
r a t i o s  and the  c l a s t s  a re  mostly fine-grained thermally metamorphosed frag-  
mental rocks and fused materials.  Maw of the  l a rge r  of these, however, con- 
t a i n  a small percentage of hornfelses t h a t  a re  much coarser than t h e  dominant 
c l a s t s ,  and rocks with igneous textures ,  both volcanic and plutonic; they a lso  
contain la rge  percentages of mineral debris i n  the  0 .1  t o  Imm and l a rge r  s i ze  
range (Wilshire and Jackson, 1972). Much of the.minera.l debris i n  t h e  Apollo 
14 breccias  i s  f a r  too  coarse t o  be derived from any l i t h i c  c l a s t s  other  than 
the  coarse hornfels  and plutonic rocks. Moreover, the  proportions of mineral 
species occurring a s  i so la t ed  c l a s t s  a r e  i n  keeping with t h e  feldspar-r ich 
plutonic and coarse metamorphic rocks. These r e l a t ions  appear t o  be t r u e  of 
breccias  from other  t e r r a  s i t e s  as  well  but s t a t i s t i c a l  data are  not avai lable.  

A t  the  opposite end of the spectrum i s  the  small group of rocks whose pre- 
excavation c r y s t a l l i n e  tex tures  have remained more-or-less i n t a c t .  These a re  
about equally divided among those with volcanic (e.g. 14053, 14310, 68415), 
plutonic (e .  g. 15415, 69955, 78235), and coarse metamorphic (e. g. 78155, 76535, 
72415) textures.  The canpositions of t h e  plutonic and metamorphic rocks range 
from dunite through t r o c t o l i t e  and nor i t e  t o  anorthosite,  and may include 
Apollo 14-type K feldspar-quartz intergrowths as  well  (Wilshire and Jackson, 
1972). Compositions of rocks with volcanic tex tures  range from mare basa l t -  
l i k e  through n o r i t e  o r  t r o c t o l i t e  t o  anorthosi t ic .  Fine-grained compositional 
equivalents of the  K feldspar-quartz intergrowths a lso  occur (e .  g. 12013). 

The t h i r d  group, embracing ca tac la s i t e s  and l i t t le -modif ied  derivat ives,  
l i e s  between t h e  two extremes. It i s  probably the  most important group be- 
cause it has enough members t o  be s t a t i s t i c a l l y  useful  and it re t a ins  many 
d i rec t  signs of i t s  source materials .  The ca tac la s i t e s  a re  ty-pically found as 
c l a s t s  i n  l i t t le-reworked breccias  ( ~ i l s h i r e  and others,  1973). Where pulver- 
i z a t i o n  and c a t a c l a s t i c  flow have not been severe, t h e  o r ig ina l  very coarse 
gra in  s i ze  ( 7 5mm, of ten)l~mm) of many rocks i s  evident from r e l i c  l i t h i c  
fragments and t h e  dimensions of c a t a c l a s t i c  flow s t ruc tures  i n  which mixing of 
pulverized mineral debris  i s  not Par advanced. Where ca tac la s t i c  flow has 
been severe, the  s i z e  of r e l i c  mineral debris frequently a t t e s t s  t o  coarse 
o r ig ina l  gra in  s ize .  Other signs of slow cooling h i s to ry  such as  coarse ex- 
solut ion lamellae i n  pyroxenes and coarse r ec rys ta l l i za t ion  textures are  
common. 

A few of the  ca tac la s i t e s  were derived from metamorphic rocks whose grain 
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s i z e  i s  much l a rge r  than t h a t  of the  t y p i c a l m e t a c l a s t i c  rocks, but t h e  major- 
i t y  a re  c l ea r ly  derived from a s u i t e  of coarse-grained plutonic igneous rocks. 
Cataclast ic  rocks derived from rocks with volcanic tex tures  a r e  rare .  Basalt  
progenitors may occur i n  14321 and i n  an Apollo 17 rock, but no rocks with 
volcanic t ex tu re  form c l a s t s  i n  t h e  simplest, l e a s t  reworked Apollo 16 brecc- 
i a ~ .  Inasmuch a s  the  matrices of the  l e a s t  reworked breccias  commonly have 
textures  l i k e  those of volcanic rocks (see Warner and others ,  1973), it 
appears t h a t  such rocks a r e  l a rge ly  formed by impact f'usion of plutonic rocks. 
Typical fine-grained hornfelses a r e  produced by l e s s  extreme f'usion of t h e  
same source rocks whereas coarse hornfelses probably formed a s  pre-excavation 
events i n  a slow-cooling environment (see  Gooley and others,  1973). 

Considering t h e  extreme average composition of t h e  lunar  t e r r a  (Tmkevich, 
1973), it would appear t h a t  igneous fract ionat ion,  followed by a lengthy post- 
consolidation h is tory ,  , i n  an environment not frequently plumbed by impact i s  
required. The textures  of the  source rocks of m a n y  of t h e  breccias  i s  consis- 
t e n t  with t h e i r  formation i n  a plutonic environment, a t  depths perhaps grea ter  
than 5-10 Inn, from which they were excavated by large,  basin-forming events. 
Formation of such l a rge  volumes of extreme d i f f e ren t i a t e s  by f rac t ionat ion  i n  
shallow magma chambers and eruption a t  t h e  surface does not seem possible i n  
l i g h t  of the  high impact f lux  (~oderblom and Boyce, 1972) during l a t e  c r u s t a l  
h is tory ,  nor a re  t h e  rock textures  consistent  with t h i s  view. 
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