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Chemical d a t a  have been obtained f o r  42 elements. Thir ty  elements, in- 
cluding 9 REE, v i a  I N A A  and 18 t r a c e  meteor i t ic  and non-meteoritic elements 
v i a  RNAA with an overlap of 6 elements, have been determined i n  6 samples of 5 
rocks from a 2m boulder-2 (STA 2 ,  S. Massif) ,  i n  4 s o i l s  f rom-the S. Massif 
and i n  2 va l ley  s o i l s .  Discussion of t he  RNAA d a t a  on the boulder rocks and 
s o i l s  is  found i n  a companion paper. See abs t r ac t s  of other  consortiummembes 
(Albee, ~ t i r z ,  P r i ce ,  H. H .  Schmitt and Wasserburg, consortium leader)  f o r  ab- 
s t r a c t s  on t h e i r  boulder-2 s tud ie s  i n  t h i s  volume. 

The following 30-40 mg specimens, chi,pped from boulder-2 rocks, were ana- 
lyzed: 72315,3 (mostly ex t e r io r )  , 72315,4 ( t o t a l l y  i n t e r i o r )  , 72335,2 (mostly 
e x t e r i o r ) ,  72355,7 (one ex te r io r  s i d e ) ,  72375,2 ( mostly ex t e r io r )  and 72395,3 
( i n t e r i o r ) .  I n t e r i o r  rock surfaces had f resh ly  exposed appearances while ex- 
t e r i o r  surfaces had a p i t t e d  and pa t ina  appearance, the l a t t e r  a t t r i b u t e d  t o  
appreciable exposure i n  the lunar environment. These metac las t ic  rock samples 
a re  r e l a t i v e l y  uniform with no l a rge  c l a s t s  i n  them. Our bulk and t r ace  e le -  
ment da t a  f o r  5 samples from 4 rocks a r e  remarkably s imi la r  with 2 t o  10% dis -  
persions observed f o r  both bulk and t r ace  elements (Table 1, Col. 3, Fig. 1) . 
No compositional d i f fe rences  were observed between " i n t e r i o r "  and "exter ior"  
specimens. 

The average rock composition f o r  these 4 rocks corresponds t o  "high alu- 
mina" rocks (52% P l ) .  Rock 72335,2 i s  a medium K ano r thos i t i c  gabbro (74% P l ) .  
The l i t hoph i l e  t r a c e  elements of t h i s  sample match closely t o  Apollo 16 s o i l s  
south of the  LM (Table 1, Cols. 5 and 6 ) .  The average boulder composition f o r  
4 of the 5 rocks f a l l s  i n  the range of Apollo 14 c l a s t i c  rocks and matches 
closely the Apollo 16 medium K KREEP type rocks (Table 1, cols .  3, 4, and 8) 
with the exception of lower L I L  t r a c e  element contents i n  the boulder r e l a t i v e  
t o  Apollo 16 medium K KREEP rocks. The high A1203 and low K20 and l i t h o p h i l i c  
t r ace  element abundances r u l e  out  a VHA composition for  these 4 rocks. The 
chondri t ic  normalized pa t t e rn  f o r  the  REE and other  l i t h o p h i l i c  elements i n  
the boulders is  p a r a l l e l  t o  those observed i n  medium K KREEP rocks. Assuming 
the v a l i d i t y  of the  arguments (1) t h a t  the boulders a r e  representat ives  of up- 
l i f t e d  massifs during the  S e r e n i t a t i s  basin forming event ,  our da ta  ind ica te  
t h a t  medium K KREEP may extend Q700 km ESE beyond the t h i r d  Imbrian r ing  i f  
the massifs or ig ina ted  from considerable depth. I f  the massifs represent  up- 
l i f t e d  upper c r u s t a l  matter ,  then the  boulders could be metamorphosed repre- 
sen ta t ives  of pre-Sereni ta t i s  e j e c t a  blanket  mater ial .  

Four s o i l s  near boulder-2 on the  S. Massif have e s s e n t i a l l y  i d e n t i c a l  
compositions within experimental e r ro r s .  The r e s u l t s  a r e  l i s t e d  i n  Table 1, 
col .  2 .  S o i l  72321was i n  t he  boulder-2 shadow; s o i l  72441 was the upper 4 cm 
of s o i l  from under the  Q0.7n boulder-3, Q30m ENE of boulder-2; s o i l  72461 was 
the skim s o i l  from under the  same boulder-3; and s o i l  72501 was Q5m E. of 
boulder-2. 

The compositions of two Apollo 17 va l ley  s o i l s  (STA 1 and 9) a r e  q u i t e  
s imi l a r  t o  the Apollo 11 10084 s o i l  composition; both s o i l s  a r e  apparently 
dominated by a l a rge  component of comminuted mare basa l t .  Absolute REE 

0 Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



CHEMICAL COMPOSITION 

Laul, J. C.  

abundances i n  Apollo 17 va l ley  s o i l s  a r e  lower by about 2 r e l a t i v e  t o  the  
Apollo 11 s o i l .  S. Massif s o i l s  a r e  similar t o  highland s o i l s ,  which have a 
la rge  anor thos i t i c  gabbro component. The r a t i o  of La/Sm=l.l f o r  va l ley  s o i l s  
con t r a s t s  with the  r a t i o  of La/Sm=2.2 f o r  the  S. Massif s o i l s  (Fig. 1). 
Thorium (and presumably U) seems t o  give a sharp d i s t i n c t i o n  ( i n f l e c t i o n )  be- 
tween the va l ley  and the  S.  Massif s o i l s  (Fig. 1). Derivation of the S. Mas- 
s i f  s o i l s  i s  matched by a 4 component s imp l i s t i c  model: 20% "high alumina" 
highland rocks (Table 1, Col. 3 ) ,  47% anor thos i t i c  gabbros l i k e  72335,2 i n  
the 2m boulder,  32% va l l ey  mare b a s a l t s  l i k e  71501 and 79511 s o i l s  and 2% 
meteor i t ic  components. 

Interelement co r r e l a t ions  observed previously a l s o  hold good fo r  the  
i pol lo 17 samples and probably f o r  t he  whole moon. Based on these f a i r l y  con- 
s t a n t  elemental r a t i o s ,  a homogeneous accre t ion  mechanism f o r  the  moon i s  pre- 
f e r red .  
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Table  1. Average abundances f o r  Apo l lo  17 soils and boulder-2 rocks .  
Ap 16  

A p 1 7  A p 1 7  Med. K A p 1 7  Ap 1 6  Ap 16 Ap 14 
STA-2 Boulder-2 m E P  Boulder-2 S o i l s  VHA Clastic 

Element S o i l s  4 Rocks Rocks* 1 Rock S. o f  LM+ Rocks* Rocks+ 
72321 72315,3 60315 72335,2 62295 14063 

72395,3 65777 
T i 0  ( % )  1 .5  1 .6 f0 .1  1 .2  0.60 0.62 0.62 1- 2 
A 1  6, 21.2 18 .8f0 .5  19.2 27.3 26.5 21.6 17-22 
~ e 6  8.6 8 .8f0 .3  8.9 4.8 5.7 6.5 7-10 
MgO 10 12  11 8 7 1 3  --- 
C a0  12 .1  11.1 11.4 15.4 15.3 12.0 10-13 
Na20 0.48 0.67f0.02 0.52 0.45 0.46 0 .41  0.7 -1.1 
K20 0.15 0 .31f0 .03  0.36 0.13 0.11 0.10 0.1 -1.0 
MnO 0 .11  0.113fO. 002 0.11 0.060 0.067 0.07 0.08-9.11 
Cr203 0.21 0.192f0.014 0.22 0.100 0 .11  0.13 0.1 -0.2 
Sc(ppm) 18  16f  1 1 5  8.0 10 9 13-20 
V 49 50 35 30 24 30 30-50 
CO 3 0 3 3 46 25 30 32 20-30 
Z r 200 440 5 50 150 16 0 170 830-1000 
B a 190 360f 20 450 120 140 170 300 -D 00 
La 17.7 3 4 f 3  5 4 13.2 13.9 18.7 20-100 
C e 4 6 8 7 140 3 1  34 4 7 50-200 
N d  3 0 54 87 2 1 2 3 30 --- 
Sm 8.2 14.9f1.5 2 4 5.8 6.4 8 .4  10-40 
E u 1 . 3 1  1.84f0.05 2.30 0.90 1 . 2 1  1 .21  2-3 
Tb 1.6 3.0 5.0 1.1 1.2 1.4 2-8 
DY 10 19  3 0 7.0 7.8 10.7 --- 
Y b 6 . 1  l l f l  1 6  4.2 4.7 6.0 10- 30 
LU 0.85 1 . 5  2.2 0.55 0.66 0.83 1-4 
H f 6 . 1  l l f l  1 5  4.2 4.5 5.0 -- 30 
Ta 0.84 1 .5  1 .8  0.59 0.58 0.65 --4 
Th 2 .8  5.7 7.0 2.4 2.2 2.7 --20 
U 1 .0  1 . 8  2.5 0.71 0.66 0.9v 1-5 
N i  270 300 420-1100 360 49 0 22&49Ov--- 
I r ( p p b )  10 8 10-17 15  14  4-9V 1-11+ 
Au(ppb) 5 5 5-22 5 9 3-89 0.2-9f 
*Values f o r  60315, 62235, 65015, 62295 and 61156 t a k e n  from (2)  Bansa l  e t  a l .  

(1973) and f o r  60636, 65777 and 60615 from (3)  Laul  and Schmi t t  (1973) 
+ ( ? I  Laul  and  S c h m i t t  (1973) ; (4 )  Laul  e t  a l .  (1972) -. 
V ( 3 )  Laul  and S c h m i t t  (1973) and ( 5 )  Krahenbuhl e t  al .  (1973) 
+ f o r  d i f f e r e n t  Ap 14  c l a s t i c  rocks  by  (6 )  Morgan e t  a l .  (1972) .  
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