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This r e p o r t  has  two purposes.  One i s  t o  p resen t  t h e  r e s u l t s  of a census 
of t h e  p a r t i c l e s  i n  four  1-2mm s o i l  samples from Apollo 17 ,  r e v i s i n g  a pre- 
v ious  o n e ( 1 ) .  The samples s t u d i e d  were 7 2 5 0 2 , 1 2 ( ~ .   assi if) , 7 6 5 0 2 , 1 2 ( ~ .  Mas- 
s i f ) ,  78502 , l o (  s c u l p t u r e d  ~ i l l s )  , and 75082,5( Camelot c r a t e r )  . The o t h e r  
purpose is  t o  compare t h e  compositions o f  s u i t e s  o f  nonmare l i t h i c  fragments 
found i n  l u n a r  s o i l s .  

Apollo 1 7  S o i l  Survey. We d iv ided  t h e  Apollo 1 7  s o i l  p a r t i c l e s  i n t o  t h e  
c a t e g o r i e s  l i s t e d  i n  Table 1. I n  a d d i t i o n  t o  common r e g o l i t h  degradat ion 
products  such as impact-glasses,  glass-bonded aggregates ,  and s o i l  b r e c c i a s ,  
t h e  Apollo 17  s o i l s  con ta in  a v a r i e t y  of l i t h i c  fragments.  Br ie f  descr ip-  
t i o n s  of each type  fol low.  Mare b a s a l t s  a r e  c h a r a c t e r i z e d  by abundant mafic 
s i l i c a t e s  and i l m e n i t e .  Our pe t rograph ic  d e f i n i t i o n  of ANT fragments con- 
s i d e r s  trace-element concen t ra t ions  by excluding a l l  rock fragments t h a t  
con ta in  K-rich i n t e r s t i t i a l  g l a s s  and/or phosphate p h a s e s ( i . e . ,  KREEP). It 
t u r n s  ou t  t h a t  fragments s o  c l a s s i f i e d  a r e  highly  f e l d s p h t h i c ,  c o n s i s t e n t  
with t h e  chemical d e f i n i t i o n ( 2 , 3 ) .  The Apollo 17 s o i l  a l s o  con ta ins  po ik i -  
l i t i c  n o r i t i c  p a r t i c l e s ( s i m i 1 a r  t o  rocks 76055 and 77135; s e e  r e f  4 )  and r e -  
c r y s t a l l i z e d  n o r i t i c  b r e c c i a s ( i n  Warner's c a t e g o r i e s  5 through 7 ) .  Both of 
t h e s e  l i t h o l o g i e s  con ta in  s i g n i f i c a n t  q u a n t i t i e s  of i n t e r s t i t i a l  g l a s s  and 
phosphate phases (Table  3 ) .  Many of t h e  Apollo 17 s o i l  fragments a r e  dark- 
colored and f ine -gra ined ,  t e x t u r a l l y  similar t o  Warner 's  ca tegory 4 and t o  
t h e  groundmass of rock 72255. Although t h e s e  a r e  as r i c h  i n  mafic s i l i c a t e s  
a s  t h e  p o i k i l i t i c  and r e c r y s t a l l i z e d  KREEP-enriched n o r i t i c  b r e c c i a s ,  we had 
o r i g i n a l l y  (1) c l a s s i f i e d  them as ANT because no phosphate phases o r  K-rich 
i n t e r s t i t i a l  phases had been observed. However, defocussed-beam microprobe 
analyses  i n d i c a t e  t h a t  t h e  p a r t i c l e s  con ta in  approximately t h e  same l e v e l s  
of K 0 (0.1-0.5 w t  .%)  and P2O5 (0.2-0.4 wt . % )  as  do t h e  coarser-gra ined,  
KREE%-enriched n o r i t i c  fragments.  Apparently,  t h e  rocks a r e  s o  f ine-grained 
t h a t  r e s i d u a l  phases ,  i f  p r e s e n t ,  a r e  smal le r  than t h e  r e s o l u t i o n  of t h e  
microscope.  he p a r t i c l e s  now c l a s s i f i e d  as ANT a r e  s u f f i c i e n t l y  coarse- 
g ra ined  t o  permit our  glass-phosphate c r i t e r i o n  t o  be used . )  The r e l a t i v e  
p ropor t ions  of each t y p e  o f  Apollo 1 7  fragment i s  given i n  Table 1. The 
r e s u l t s  a r e  i n  good agreement wi th  those  repor ted  by Papike e t  a 1 ( 6 )  who 
s t u d i e d  t h e  2-4m f r a c t i o n s  of t h e  same samples. 

Comparisons Arnona ANT Fragments. Although ANT fragments have t h e  same 
range of t e x t u r e s  at a l l  l and ing  s i t e s  ( 7 , 8 ) ,  t h e r e  a r e  d i f f e r e n c e s  i n  t h e i r  
compositions. Table 2 l is ts  t h e  averages of modal analyses  made on ANT f r a g -  
ments ; s e e  ( 9 )  f o r  exper imental  d e t a i l s .  Note t h a t  t h e  average modal p lag io -  
c l a s e  abundances a r e  e s s e n t i a l l y  equa l  i n  Apollo 1 7  and Luna 20 s o i l s  and 
t h a t  both  of t h e s e  samples con ta in  l e s s  p l a g i o c l a s e  t h a n  Apollo 11, 1 5 ,  o r  1 6 .  

Comparisons Among KREEP-Enriched Fragments. KREEP l i t h i c  fragments a l s o  
e x h i b i t  s i t e - t o - s i t e  composit ional  v a r i a t i o n s .  Table 3 l i s t s  average modal 
analyses  of s u i t e s  of n o r i t i c  b r e c c i a s .  Except f o r  p o i k i l i t i c  fragments i n  
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t h e  Apollo 1 6  s o i l s ,  modal p l a g i o c l a s e  con ten t s  a r e  near ly  equa l  a t  a l l  s i t e s .  
However, t h e  Apollo 1 4  n o r i t e s  a r e  r i c h e s t  i n  KREEP: They con ta in  s i g n i f i -  
c a n t l y  more K-rich i n t e r s t i t i a l  g l a s s  and phosphate phases than  do any of t h e  
o t h e r s .  The minor d i f f e r e n c e s  i n  t h e  abundances of t h e s e  substances  amonq 
t h e  lower-KREEP group a r e  not  s t a t i s t i c a l l y  s i g n i f i c a n t .  We have a l s o  made 
numerous defocussed-beam microprobe ana lyses  of KREEP-enriched l i t h i c  f rag-  
ments. Although t h i s  method of bulk chemical a n a l y s i s  i s  f requen t ly  a s s a i l e d ,  
we f e e l  t h a t  comparisons of l a r g e  numbers o f  analyses  obta ined by t h e  same 
procedures a r e  u s e f u l .  Consequently, we have cons t ruc ted  histograms of  t h e  
atomic F ~ / ( F ~ + M ~ )  r a t i o  ( F i g .  1). Note t h e  wide v a r i a t i o n  i n  F e / ( ~ e + ~ g )  ; 
t h e  va lues  range from 0.15 t o  0.58. However, t h e  major i ty  i s  i n  t h e  range 
0.25-0.45. Also no te  t h a t  t h e  Apollo 12 and 1 4  KREEP-enriched n o r i t i c  f rag-  
ments a r e  c l e a r l y  more i ron- r i ch  t h a n  t h o s e  from s o i l s  c o l l e c t e d  dur ing 
o t h e r  miss ions .  
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T a b l e  1. R e l a t i v e  abundance8 ( X )  of  p a r t i c l e  t y p e s  i n  Apo l lo  
1 7  1-2 mm s o i l s .  

No. of  p a r t i c l e s  

ANT f r a g m e n t s  
P o i k i l i t i c  n o r i t e s  
R e c r y s t a l l i z e d  n o r i t e s  
Dark, f i n e - g r a i n e d  f r a g m e n t s  
Po rous ,  l o o s e l y - c o n s o l i d a t e d  

f r a g m e n t s  
F e l d s p a t h i c  b a s a l t s  
Mare b a s a l t s  
Homogeneous g l a s s  
Ropy g l a s s  
A p h a n i t i c  p a r t i c l e s 1  
C inde ry  g l a s s  
Class-bonded a g g r e g a t e s  
S o i l  b r e c c i a s  
M i n e r a l  f r a g m e n t s  
O t h e r s  2 

1 T h i s  c a t e g o r y  i n c l u d e s  d e v i t r i f i e d  g l a s s e s  and v e r y  r a p i d l y  c o o l e d  
( i . e . ,  quenched )  m e l t s .  

2 P a r t i c l e s  t h a t  c a n n o t  be a s s i g n e d  t o  one  o f  t h e  o t h e r  g roups  a r e  
p l a c e d  i n  t h i s  c a t e g o r y .  Most a r e  h e a v i l y  shocked ,  u n r e c o g n i z a b l e  
f r a g m e n t s .  
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Table 2. Average modal analyses (vo l .  %) of anor thos i t ic  (ANT) l i t h i c  fragments 
from Apollo and Luna s o i l s .  Numbers i n  parentheses represent  one s tandard 
deviat ion of t he  mean. See t e x t  f o r  our operat ional  de f in i t i on  of ANT. An 
average of 125 poin ts  was counted on each p a r t i c l e .  

No. of p a r t i c l e s  32 45 50 32 7 0 

Mafic s i l i c a t e s  15.4(12) 9.5(10) 12.9(10) 27.9(11) 27.6(13) 
Plaaioclase 84.2(12) 90.3(10) 86.9(10) 71.4(11) 71-9(13)  
Opaque phases 0.3 0.2 0.1 0 .3  0.4 
Metal l ic  NiFe 0.1 0.0 0 .1  0.3 0 . 1  

Table 3. Average modal analyses (vol.%) of KREEP-enriched 1-2mm l i t h i c  
fragments from Apollo 1 4 ,  15 ,  16, and 17 s o i l s .  RN, r e c r y s t a l l i z e d  
n o r i t i c  b recc ias ;  poik,  p o i k i l i t i c  n o r i t i c  fragments. An average of 
about 125 po in t s  was counted on each p a r t i c l e .  

Apollo 1 4  Apollo -15   pol lo 16 Apollo 17 

RN RN RN Poik Poik m 

No. of p a r t i c l e s  45 48 1 4  49 15 43 

Mafic s i l i c a t e s  45.9(11) 47.0(10) 44.4(7) 
Plagioclase 45.5(10) 48.9(10) 52.6(8) 
K-rich g lass  4.8 0.8 ' 1.0 
Phosphate phases 1.1 0.3 0.3 
Opaque phases 2.2 2.6 0.8 
Metall ic IiiFe 0.3 0.1 0.8 
Zircon 0.2 0.1 0.0 
S i l i c a  0.0 0.2 0 .1  

0 
APOLLO I5 

(271 

I I 

I- 
a'z 

7 

0.4 as 0.e 
Fal(h*Mg) (otomlc) 

FIGURE 1. Histograms of Pe/(Fe+h&) in 1-2mm KREEP-enriched 
lithic fragments; analyses obtained by defocussed- 
beam microprobe traverses. 
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