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Eighteen t r a c e  elements have been measured by RNAA i n  6 samples of 5  
rocks from a 2 m boulder-2 (STA 2 ,  Wasserburg boulder consortium) and 4 s o i l s  
of the S. Massif and one va l ley  s o i l .  The r e s u l t s  a r e  shown i n  Table 1. 
Based on the  physical  descr ip t ion  and chemical compositional da t a  (1) the  b k  
ders  a re  metac las t ic ,  medium K KREEP type rocks. 

The rocks have a  high content of s iderophi les  (2-4% C 1 )  and show fractiom 
a ted  pa t t e rns  having an ancient  meteor i t ic  component. These pa t t e rns  a r e  s i m i -  
l a r  t o  those f i r s t  found by the  Chicago group (Anders e t  aL) i n  s o i l  separa tes  
of highland s o i l s ,  14142 and 14146 (Figure 1). We have analyzed the  same 
s u i t e  of elements except Ge i n  these  samples. Following the  Chicago approach, 
we f i n d  t h a t  5  samples of 4  rocks have Ir/Au r a t i o s  of 0.44, which i s  t y p i c a l  
f o r  the LN group, probably LN2 group ( 2 , 3 ) .  However, the  72335,2 sample has a  
high Ir/Au r a t i o  of 0.84 and belongs t o  t he  DN group. It  is  noteworthy t h a t  
rocks 72315 (medium K KREEP rock) and 72335 ( anor thos i t i c  gabbro) with two 
d i f f e r e n t  ancient  p r o j e c t i l e s  i n  them, a r e  rocks separated by Q18 cm i n  the  
same c l a s t  of boulder-2. The d i f fe rence  i n  the  Ir/Au r a t i o s  is  a t t r i b u t e d  t o  
e i t h e r  poor sampling ( l e s s  l i k e l y )  o r  t o  a  case of two s tage  impact project i les  
The Lt1 components a r e  a t t r i b u t e d  (3) t o  the  Imbrium basin. It  seems improb- 
able  t h a t  the 2 m boulder was e j ec t ed  > 600 km by the  Imbrium basin forming 
event. We propose t h a t  the  ancient  meteor i t ic  planetesimal (pre-Imbriurn) 
which formed the  S e r e n i t a t i s  basin had a  composition s imi l a r  t o  LN charac te r  
of the  Imbrium basin planetesimal.  

The S .  Massif s o i l s  near the  boulders have i n  general high Ir/Re/Ni/Ag/Au 
r a t i o s  r e l a t i v e  t o  t he  rocks. This is expected i f  the s o i l s  contained a  mix- 
t u re  of ancient  meteor i t ic  component and micrometeorites of C 1  composition ( 3 ) .  
Variable amounts of N i  and Au and a  constant r a t i o  of Ni/Au were found i n  
dupl icate  analyses of 72501 s o i l  (Table 1); t h i s  seems t o  confirm the extran- 
eous addi t ion of C 1  mater ia l .  

In Figure 2 ,  we have p lo t t ed  the r e f r a c t o r i e s  Ba and La and the  v o l a t i l e  
element C s  versus nonvolat i le  U. Strong cor re la t ions  of t he  r e f r a c t o r i e s  Ba 
and La versus U a re  evident.  A mixing l i n e  passing through high K KREEP and 
s o i l s  suggests an appreciable component of high K KREEP t o  the  s o i l s .  On the 
o ther  hand, the  va l l ey  s o i l  75081, with high r a t i o s  of Ba/U=370 and La/U=29, 
which a re  s imi la r  t o  Apollo 11 10084 s o i l ,  devia tes  from the  mixing l i n e ,  and 
t h i s  implies t h a t  the  va l ley  s o i l s  have l i t t l e  KREEP i n  them. 

Cesium va r i e s  over a  5-fold range i n  content i n  the boulder-2 rocks and 
shows no co r re l a t ion  t o  U .  Such var iab le  r a t i o s  of Cs /U  suggest s e l ec t ive  
v o l a t i l i z a t i o n  of the  heavier  a l k a l i e s  during c ra t e r ing ,  brecc ia t ion  and meta- 
morphic processes (4)  . Variable Rb/Cs r a t i o s  of 19,25,29, and 33 found i n  the  
4 "high alumina" rocks of boulder-2 ind ica te  s i g n i f i c a n t  f rac t iona t ion  f o r  t h e  
heavy a l k a l i e s .  For these  same 4 rocks, the Na20 and K 2 0  abundances were 
f a i r l y  constant  (1). Such heavy a l k a l i  f rac t iona t ion  suggests var iab le  time- 
high temperature exposures f o r  these  4 rocks. On the o ther  hand, the  re la -  
t i v e l y  uniform Sb and Zn abundances i n  these 4 rocks i s  unexpected i f  these 
rocks were exposed t o  such var iab le  conditions.  
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Chou e t  a l .  (5) charac te r ized  Cd, I n  and Zn among o ther  v o l a t i l e s  a s  
atmophile. Accordingly, it i s  expected t h a t  these  elements should show con- 
s iderab le  enrichment i n  t he  boulder shadow s o i l  r e l a t i v e  t o  t he  exposed s o i l .  
Our systematic  study of 4 shadowed and exposed s o i l s  (Table 1) r e j e c t s  the  
l a b i l e  hypothesis.  On the  o ther  hand, i f  these  s o i l s  a r e  r e l a t i v e l y  young, a 
t e s t  of the  v o l a t i l e  t r anspo r t  hypothesis by our da t a  may be i nva l id .  Chou 
e t  a l .  f u r t h e r  speculated t h a t  t h e  l a b i l e  elements should also. show evidence 
of movement from highlands t o  t he  lower mare a reas .  Such v o l a t i l e  element 
movement should be observed a t  t he  Apollo 17 i n t e r f a c e  between STA 2, a s  re- 
p resen ta t ive  of highland avalanche ma te r i a l ,  and t h e  mare s o i l s  i n  the va l ley .  
A comparison i n  Table 1 between the  S. Massif s o i l s  and the  va l ley  s o i l  75081 
does not  support such l a b i l e  processes.  
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Fig. 1 Fig. 2 
Apollo 17  boulder-2 rocks and s o i l s  
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Tab le  1. Trace  e l emen t s  i n  Apol lo  17  s o i l s  and boulder -2  rocks  (STA 2 ) ,  (m = ppm; b = ppb) 
m m m  

Sample ( )  lrb Eieb Aub PJim corn sbb s e b  Agb l n b  znm Cdb !Clb Fibm Csb LJm Ba Sr Ga 
Boulder-2 
72315,3 43 4.3 0.43 2.8 180 20 1 . 3  110 1.1 2.6 (300) 8 .5  450 1.58 320 157 - 
mos t ly  
e x t e r i o r  
72315,4 33 9 . 0 0 . 9 8 6 . 1  340 33 2.0 120 0.84 2.5 8 . 1  9.6 530 1 .53  340 165 - rn 

H 
t o t a l l y  I? u 

pl m 
i n t e r i o r  
72335,2 36 1 5  1.4 5.3 360 28  1 .5  67 0.70 1 .7  (80) 2.0 9 5 0 . 7 1 1 2 0 1 4 5  - * w 

6 g 
mos t ly  4 E 

I? 
e x t e r i o r  m 
72355,7 33 7 . 3 0 . 7 3 4 . 9  310 34 2.2 75 0.87 

C] 
2.4 5 .1  8.0 280 2.00 380 157 - 

one e x t .  
s i d e  
72375,2 30 8.5 0.84 5 .3  320 34 2.2 9 0  0.82 2.3 7.2 6.2 250 1.85 370 149 - 
mos t ly  
e x t e r i o r  
72395,3 30 8.0 0.79 5.8 290 33 2 .1  190 1.4 2 .1  (170) 5 . 3  160 1.72 360 152 - 
i n t e r i o r  
Soils<lmm 
72321,9 117 10 - 3.7 250 28 2.2 240 7.2 3.0 18 36 3.9 180 0.91 180 1 5 5 4 . 7  
boulder-2 87 8 . 1 0 . 8 3 3 . 7  260 28 4.8 240 6.4 1 8  37 4.7 220 0.83 170 145 - 
shadow 
7 2 4 4 1 , l l  117 11 - 4.0 280 32 - 240 6 .7  2.9 1 6  40 4.2 190 0.98 200 1504 .6  
under  (17m 75 9.6 - 4.0 280 3 1  (8.8)  220 6.0 1 5  - 4.4 200 0.84 180 150 - 
b o u l d e r  
72461,8 165 11 - 4.0 280 32 - 240 6 .5  3.0 1 5  40 4.2 190 1.10 220 1 4 5 4 . 5  
under Q7m 
b o u l d e r  
72501,31 124 14  - 5.3 360 37 - 240 6.4 3.2 1 8  37 3.6 160 0.95 200 145 4.8 
5m E. of 97 8.5 - 4.0 260 27 2.3 220 6.5 20 - 3.6 160 0.83 170 150 - 
boulder-2 
75081,21 156 5.4 - 1.7 120 3 1  1 280 9.6 2.7 31  33 1.5 1.1 47 0.26 95 160 - 
15m from 

66041,20 112 15  - 7 .1  460 33 4.0 34 8 .5  (47) 24 77 ( 3 2 ) 2 . 7 1 2 0 0 . 7 0 1 4 0 1 6 5 5 . 0  
BCR- 1 85 0.02 - 0.41 10 36 - 8g 24 86 150 135 290 4 5  gq0:i:j: $8: 330 - 
BCR- 1 78 0 . 0 1 0 . 9 0 0 . 5 4  10  36 680 84 24 130 140 - 6 9 0 ~  315 - 


