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Large i o n  l i t h o p h i l e  ( L I L )  t r a c e  element abundances have been d e t e r -  
mined f o r  n i n e  Apol l o  16 f i n e s  samples, a  " b a s a l t "  (gabbro, r e c r y s t a l l i z e d  
b recc ia? ) ,  and an a n o r t h o s i t e  sample. L i ,  K, Rb, and Sr abundances a r e  
r e p o r t e d  i n  Tab le  1; t h e  s o i l s  a r e  l i s t e d  i n  o r d e r  o f  c o l l e c t i o n  s t a t i o n  f rom 
n o r t h  t o  south. Ba and r a r e - e a r t h  concen t ra t i ons  f o r  one o f  t h e  s o i l s ,  
t h e  b a s a l t ,  and t h e  a n o r t h o s i t e  a r e , g i v e n  i n  Tab le  2. We have p r e v i o u s l y  
r e p o r t e d  and d iscussed t r a c e  and major  element da ta  f o r  e i g h t  samples o f  
<I  mm f i n e s  f rom t h e  A p o l l  o  16 deep d r i  11 co re  (1,2). 

Except f o r  S r  and Eu, t h e  r e l a t i v e  abundances o f  L I L  t r a c e  elements i n  t h e  
A p o l l o  16 h igh land  s o i l s  resemble those i n  s o i l s  from o t h e r  l u n a r  s i t e s .  
The abso lu te  c o n c e n t r a t i o n s  tend  t o  be lower,  however, than f o r  most 
o t h e r  s o i l s .  I n  a d d i t i o n ,  t h e  range i n  concen t ra t i ons  i s  o n l y  about  h a l f  
t h a t  found f o r  A p o l l o  12 and 15 s o i l s .  The range shown i n  Tab le  1  i s  s i m i -  
l a r  t o  t h a t  found i n  t h e  p r e l i m i n a r y  examinat ion  (3 )  and t h a t  determined 
f o r  t h e  deep d r i l l  co re  samples (1 ). The co re  samples showed an inc rease  
i n  L I L  t r a c e  element c o n c e n t r a t i o n s  w i t h  depth  t h a t  can be a t t r i b u t e d  l a r g e l y  
t o  a  decrease i n  p l a g i o c l a s e  content .  S u r f i c i a l  s o i l  65500 (Tab le  1,2), 
however, has c o n c e n t r a t i o n s  t h a t  a r e  as h i g h  as those i n  t h e  deepest co re  
samples. S o i l  63341 was c o l l e c t e d  immedia te ly  below, and has h i g h e r  L i ,  K, 
and Rb abundances than Soi 1  63321. Soi 1  samples f rom S t a t i o n s  11 and 13, i n  
t h e  Nor the rn  p a r t  o f  t h e  s i t e ,  a p p a r e n t l y  have h ighe r  Sr concen t ra t i ons  than 
have s o i l s  f r o m  o t h e r  s t a t i o n s .  The r e l a t i v e l y  h i g h  Sr and Eu concen t ra t i ons  
i n  a l l  o f  t h e  A p o l l o  16 s o i l s  p robab ly  r e f l e c t  t h e i r  h i g h  p l a g i o c l a s e  con- 
t e n t .  However, t h e  s o i l s  a l s o  show nega t i ve  Eu anomalies (1 ) {Tab le  2)  
and t h i s  p robab ly  i n d i c a t e s  t h e  presence o f  a  " l a t e - 1  i q u i d "  component. 

Data f o r  two f ragments of t h e  c r y s t a l  1  i n e  r o c k  68415 a r e  presented i n  Table 
1, Fragment (a)  was much ha rde r  t o  g r i n d  than was (b) .  The t r a c e  element 
concen t ra t i ons  a r e  e s s e n t i a l l y  i d e n t i c a l .  68415 appears t o  be homogeneous 
on t h i s  s c a l e  and t h i s  may f a v o r  an igneous o r i g i n .  Except f o r  Sr, t h e  L I L  
t r a c e  element concen t ra t i ons  i n  68415 a r e  l ower  than  those i n  t h e  A p o l l o  16 
s o i l s  a l t hough  n o t  much f r a c t i o n a t e d  i n  a  r e l a t i v e  sense except  f o r  S r  and 
Eu. Except f o r  Sr, Ba, and Eu, 68415 abundances a r e  v e r y  s i m i l a r  t o  those 
f o r  Luna 20 s o i l  ( 1 ) .  The smal l  p o s i t i v e  Eu anomaly i n  68415 (Tab le  2)  i n -  
d i c a t e s  an excess o f  p l a g i o c l a s e .  

The anor thos i  t e  61 01 6  has l ower  L1.L t r a c e  element concen t ra t i ons  (exc lud ing  
Sr and Eu) than any l u n a r  r o c k  o r  separated p l a g i o c l a s e  r e p o r t e d  on t o  date. 
A t  some stage t h i s  r o c k  was a lmost  c e r t a i n l y  a  cumulate. A p p l i c a t i o n  o f  
p lag ioc lase -1  i q u i d  p a r t i  t i o n  c o e f f i c i e n t s  t o  t h e  L I L  t r a c e  element concen- 
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t r a t i o n s  of 61 016 r e s u l t s  i n  abundances expected f o r  a p r i m i t i v e  ( i  .e. 1 i t t l e  
d i f f e r e n t i a t e d )  lunar  b a s a l t ,  including t h e  absence o f  a l a r g e  E u  anomaly. 

The Apollo 16 r e s u l t s  appear t o  be c o n s i s t e n t  with a l u n a r  model which s t a r t s  
with a homogeneously acc re ted  moon o r  a moon t h a t  was homogenized dur ing an 
e a r l y  igneous event .  In e i t h e r  c a s e ,  d i f f e r e n t i a t i o n  a l s o  took place  
e a r l y  and involved an aluminous l i q u i d  from which f e l d s p a t h i c  and more i ron-  
r i c h  cumul a t e s  formed. Ear ly  f e l  dspa th ic  cumulates a r e  s t i  11 represented 
in t h e  l u n a r  high1 ands,  a1 b e i t  b recc ia ted ,  r e c r y s t a l  1 i z e d ,  e t c . ,  by impacts. 
During a second igneous event  K R E E P  b a s a l t  was formed by l i m i t e d  p a r t i a l  
fus ion of f e l d s p a t h i c  cumulates and primary " l i q u i d . "  La te r ,  mare b a s a l t s  
were produced by fus ion  of primary i ron- r i ch  cumulates. 

T A B L E  1 .  L i  , K ,  Rb, and S r  Concentrations i n  ppm by Weight 

SOIL FINES 

67941,17 67960,3 63321,18 63341,l l  63501,38 61 161,6 
<1 mm <570p <1 mm <1 rnm <1 mm <1 mm 
s t n .  11 s t n .  11 s t n .  13 s t n .  13 s t n .  13 s t n .  1 

w t .  i n  g 0.14313 0.10235 0.10110 0.10126 0.10190 0.11305 

T A B L E  I .  Continued: 

SOIL FINES "BASALT" ANORTHOSITE 

60051,8 68841,19 65500,5 6841 5,79 61016,184 
1 m 1 mm 570 s t n .  8 s t n .  I 

str!. LM s t n .  8 s t n .  5 ( a )  ( b )  

Rb 2.34 2.78 3.56 1.47 1.50 0.030 

Sr  173 168 162 180 180 149 

w t .  i n  g 0.32663 0.10925 0.0901 0 0.1071 5 0.09485 0.41060 

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



APOLLO 16: LG ION LITHOPHILE TRACE ... 
P h i l p o t t s ,  J.A., e t  a l .  

TABLE 2. Ba and Rare-earth Concentrat ions i n  ppm by Weight 

Fines "Basa l t "  Anorthosi  t e  
65500,5 6841 5,79(a) 61016,184 

DY 9.12 3.62 

E r  5.46 2.18 

Yb 5.02 2.02 

Lu 0.77 0.33 

Eu/Eu* 0.50 1.10 

w t .  i n  g 0.0901 0 0.10715 

REFERENCES : 

1. P h i l p o t t s ,  J.A., Schuhmann, S., B i c k e l ,  A.L. and Lum, R.K.L. 

(1 972), Ear th  Planet.  Sci .  Let t . ,  17, 13-1 8. - 
2. Nava, D.F. and P h i l p o t t s ,  J.A. (1973), Geochim. Cosmochim. Acta., 

Luna 20 Issue, i n  press. 

3. Apol l o  16 P r e l i m i n a r y  Examination Team (1973), Science, -9 179 

23-34. 

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


