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The h i g h l y  s i d e r o p h i l i c  elements p r o v i d e  e x c e l l e n t  i n d i c a -  
t o r s  of  t h e  presence o f  e x t r a l u n a r  components i n  l una r  samples. 
be determined f o u r  s i d e r o p h i l e  ( N i ,  Ge, I r ,  Au), t h r e e  v o l a t i l e  
(Zn, Cd, I n )  and one p a r t i a l l y  s i d e r o p h i l e  and v o l a t i l e  element 
(Ga) i n  samples c o l l e c t e d  a t  A p o l l o  l a n d i n g  s i t e s .  I n  Table 1 
a r e  l i s t e d  mean c o n c e n t r a t i o n  data f o r  s o i l s  f rom the  Apo l l o -17  
s i t e ,  and i n  Tab le  2 data f o r  rocks from t h e  Apo l l o -16  s i t e .  Ad- 
d i t i o n a l  data a r e  1 i s t e d  i n  a  companion a b s t r a c t  ( 1 ) .  

Mean c o n c e n t r a t i o n s  o t  N i  , Ge, I  r and Au i n  mature Apol l o  1 7  
s o i l s  a r e  266 ~ g / g ,  462 ng/g,  9 .6  ng/g and 3.7 ng /g .  The c o n t r i -  
b u t i o n  o t  l u n a r  components t o  these concen t ra t i ons  a r e  es t ima ted  
t o  be 40 kg/g,  10 ng/g, 0.1 ng/g and 0 .2  ng/g. A f t e r  c o r r e c t i n g  
f o r  l una r  c o n t r i b u t i o n s  we ob ta ined  t h e  e x t r a l u n a r  component ( E ~ c )  
i n  t h e  s o i l  by d i v i d i n g  by t h e  compos i t ion  o f  t h e  ELC 2 t  mare 

s i t e s  o f  13500 ~ g / g  N i  , 28300 ng/g Ge,  b34 ng/g  I r and 
I d 4  ng g  Au, t h e  e s t i m a t i o n  o f  which we d iscussed e a r l  i e r  ( 2 ) .  lFnd in7 
(Th is  compos i t ion  i s  very s i m i l a r  t o  t h a t  o f  anhydrous C1  chon- 
d r i t e s ,  t he  c h i e f  d i f f e r e n c e  be ing  t h a t  N i  c o n c e n t r a t i o n  i s  about 
1 1 %  h igher  and Ge c o n c e n t r a t i o n  about 33% l ower . )  This  procedure 
y i e l d s  ELCes t ima tes  i n A p o l l o  l i s o i l s  o f  1.67, 1.60, 1 . 5 1  and 
1.90"/, r e s p e c t i v e l y ,  and a  mean c o n c e n t r a t i o n  o t  1 .67X. As s u i . ~ ~  
msr ized i n  Table 3,  t h i s  va lue  i s  about 20 - 25y4 h igher  than t h a t  
observed a t  t h e  A p o l l o  1 5  and A p o l l o  1 1  s i t e s ,  c o n s i s t e n t  w i t h  
the  r e l a t i v e  ages o t  t h e  rego l  i t h s  a t  t h r e e  s i t e s  and t h e  "con- 
taminat  ion" o f  t h e  Apol l o  1 5  and 1 7  rego l  i ths  by o l d  rego l  i t h  ma- 
t e r i a l s  f rom t h e  ad jacen t  h igh lands .  

R e l a t i v e  t o  mare s o i l s  h ighe r  concen t ra t i ons  o f  s i d e r o p h i l e s  
a r e  observed i n  h igh lands  s o i l s  ( 3 ) ,  and the  compos i t ion  o f  t he  
ELC changes as we1 1 ( 4 ) .  I n  Table 3 a r e  1 i s t e d  t h e  var i a t  ~ o n s  i n  
~ i / l r ,  ~ e / l r  and ~ u / l r  o f  t h e  ELC observed i n  our data f o r  mature 
s o i l s  (our Apo l l o -16  s o i l  da ta  a r e  1 i s t e d  elsewhere i n  t h i s  v o l -  
ume ( 1 ) ) .  W i th  minor  excep t ions ,  each o t  these r a t i o s  shows a  
p rog ress i ve  increase w i t h  i n c r e a s i n g  ELC c o n c e n t r a t i o n .  Based on 
these r a t i o s  t h e  s o i l s  f rom t h e  s i x  A p o i l o  l a n d i n g  s i t e s  t a l l  i n -  
t o  3 we1 1 d e t i n e d  groups:  t h e  younger mare-type s o i  1 s  a t  Apol l o  
1 1  and 12, t he  o l d e r ,  h igh lands - t ype  s o i l s  a t  A p o l l o  14  and 16, 
and the  mare-type s o i l s  w i t h  h igh lands  contaminat ion  a t  Apol l o  
1 5  and 1 7 -  The A u / l r  r a t i o  undergoes t h e  l a r g e s t  v a r i a t i o n ,  i n -  
c reas ing  by about  a  f a c t o r  o f  2 between the mare-type l o c a t i o n s  
and the  Apo l l o -16  s i t e .  The v a r i a t i o n s  i n  ELC compos i t ion  can be 
understood i n  terms o f  two major  popu la t i ons  o f  e x t r a l u n a r  mate- 
r i a l s :  a  p o p u l a t i o n  w i t h  r e l a t i v e l y  cons tan t  f l u x  which domi- 
nates d u r i n g  t h e  most r e c e n t  3.7 Gyr o f  l una r  h i s t o r y ,  and a  pop- 
u l a t i o n  w i t h  a r a p i d l y  decreas ing  f l u x  wh ich  dominated d u r i n g  
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Table 1. Mean trace-element concentrations in Apollo 17 soils. 

*Trench samples (depths): 78421 (15-25 cm); 78441 (ca. 10 cm); 
78461 (ca. 5 cm); 78481 (0- 1 cm). tBased on one datum only. 
$Analysis not completed. tone value only for Ni, Ge, Ir and Au; 
duplicate sample contained about 1.5- 2.0 times greater amounts 
of these elements. 

Table 2, Mean trace-element concentrations in Apollo 16 rocks. 
N i Zn Ga Ge Cd In I r Au 

(ug/g)(ug/gXug/gXng/g)(ng/g)  (ng/g) (ng/g) (ng/g) 

60255,38 391 21.0 5.23 912 60.8 15 12.2 5.6 
61016-1 ight* 3.4 1.8 3.46 23 180 256 0.25 0.94 
61016-darkt 569 0.52 3.69 641 7.8 4.0 15.0 9.7 
65015,63rw~+,582- - Q.S2_4,SL - 04 -16.2 - 9.3 24 -12.9 - -9,9- 
g6075,32 

6 ~ 5 ~ l ~ . ~ 3 z s ~ h r s 7 ; 7 0 0 _ 5 7 ~ ~ # . ~ - l , l ~ ; L 7  00~9~--~Q.Z8-290 lOZ0- 
-2F9- 1 . 2  4.49 1650 97 72 . 4.2- 

684 1 5,68 140 1.47 2.99 98 51.1 I2 5.6 2.8 

"portion 161tportion 183. Bwr = whole rock; sph = metallic 
spherule (one determination, all elements). $?factor of 3. 

Table 3. Concentration of extralunar component in lunar soils 
and ratios of Ni, Ge and Au to I r ,  normalized by dividing ratios 
in C I  carbonaceous chondrites (1). 

12070 1.18 0.76 0.61 0.84 
10084 1.32 0.80 0.60 0.88 
15 soils 1.37 0.95 0.71 1.20 
17 soi Is 1.67 1.05 0.68 1.19 
14 soils 2.44 0.99 0.77 1.35 
16 soi Is 3.69 1.24 0.98 1.72 
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t he  e a r l i e r  p e r i o d  o t  l u n a r  h i s t o r y .  The compos i t ion  o f  t h e  l a t -  
t e r  i s  poor1 y  d e f i n e d  f o r  severa l  reasons. Even i n  a reg01 i t h  as 
o l d  as t h a t  a t  t h e  A p o l l o  16 s i t e  an a p p r e c i a b l e  p o r t i o n  o f  t h e  
E L C  r e s u l t s  f rom t h e  r e c e n t  l o n g - l i v e d  p o p u l a t i o n .  kle can a t -  
tempt t o  c o r r e c t  f o r  t h i s  by s u b s t r a c t i n g  s i d e r o p h i l e  concent ra -  
t i o n s  observed a t  A p o l l o  1 1  f rom those i n  mature s o i l s  a t  A p o l l o  
16 ( t h e  10% younger age a t  t h e  Apo l lo -11  s i t e  i s  more -c r - l ess  
compensated by t h e  g r e a t e r  m i x i n g  depth  i n  t h e  unconso l i da ted  
c u r f i c i a l  m a t e r i a l s  a t  t h e  Apo l l o -16  s i t e ) .  Th i s  e x e r c i s e  y i e l d s  
n e t  concen t ra t i ons  o f  t h e  s h o r t - 1  i ved  e x t r a l u n a r  m a t e r i a l s  a t  
A p o l l o  16 o f  312 p g / g  N i ,  726 ng /g  Ge, 7 -18  ng /g  I r  and 6.57 ng /g  
Au, and CI-normal i zed  N i / t r ,  G e / l r  and k u / l r  r a t i o s  o f  1.78, 1 .45 
and 2  - 9 7 ,  r e s p e c t i v e 1  y  The s i m p l e s t  i n t e r p r e t a t  i o n  appears t o  
be t h a t  t h e  s h o r t - l i v e d  p o p u l a t i o n  was dep le ted  i n  I r ;  p r i m o r d i a l  
m e t e o r i t e  groups w i t h  s i m i l a r  r a t i o s  i n c l u d e  t h e  E4 ( e n s t a t i t e )  
c h o n d r i t e s  ( 5 )  and t h e  group I A  i r o n s  ( 6 ) .  The Au/Ni r a t l o s  a r e  
s 1 i g h t l y  h igher  than observed i n  these groups, wh ich  lends sup- 
p o r t  t o  the  idea t h a t  a  p o r t i o n  o f  t he  Au i n  h igh lands  s o i l  sam- 
p l e s  i s  o f  l una r  o r i g i n .  

Each of  our  Apol l o  16 rocks ( w i t h  t h e  e x c e p t i o n  o f  the  anor -  
t h o s i t i c  p o r t i o n  o f  61016), has a  h i g h  ELC c o n c e n t r a t i o n ,  i n d i -  
c a t i n g  t h a t  they  i n c l u d e  l a r g e  amounts of reg01 i t h  m a t e r i a l s .  
The rocks a r e  marked by l a r g e  v a r i a t i o n s  i n  s i d e r o p h i l e  r a t i o s ,  
though the  range i s  n o t  a p p r e c i a b l y  g rea te r  than observed i n  
known groups of  p r i m o r d i a l  m e t e o r i t e s .  Rock 66075 has a  C1 nor -  
ma l i zed  Ge/Ni r a t i o  o f  2.3, h ighe r  than those i n  p r i m o r d i a l  me- 
t e o r i t e s  w i t h  t h e  e x c e p t i o n  o f  t h e  low-Ni p o r t i o n  o t  t h e  I A - i r o n s  
(6). Rock 6841 5 has s i d e r o p h i l e  r a t i o s  rough ly  comparable t o  
those i n  o r d i n a r y  c h o n d r i t e s .  We i s o l a t e d  an 8-mg meta l  spheru le  
f rom our sample of  t h e  m e t a l - r i c h  b r e c c ~ a  65015 ( 7 )  which had s i -  
d e r o p h i l e  r a t i o s  s i m i l a r  t o  those observed i n  t h e  h igh-N i  p o r t i o n  
o t  i r o n - m e t e o r i t e  group I I I A ;  t h e  abso lu te  c o n c e n t r a t i o n s  suggest 
a d i l u t i o n  o f  about  20% r e l a t i v e  t o  such i r o n s .  I n  a d d i t i o n  t o  
t h e  remarkably low s i d e r o p h i l  i c  con ten t  o t  t h e  1 i g h t  p o r t i o n  o f  
61016, i t  has incongruous1 y  h i g h  enr ichments o f  Cd and I n  whereas 
t h e  con ten t  o f  a  t h i r d  v o l a t i l e ,  Zn, i s  q u i t e  low.  
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