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Extending the work of Krahenbtlhl -- et al. (9, we have calculated the com- 

positions of the Earth and Moon, on the assumption that these planets formed 
by exactly the same processes as the chondrites . The basic framework is the 
condensation sequence of the elements from a solar gas (2), - augmented by 3 
fractionation processes observed in chondrites (3):.fractionation - of early 
condensate and of metal from silicate, and partial remelting of the conden- 
sate. A schematic outline is shown in Fig. 1. Presence of moderately (= M) 
and highly (= H) volatile elements is indicated by light and dark shading. 
Partial condensation is indicated by parentheses. 

components shown at the bottom of Fig. 1. The proportions of these compon- 
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ents in a differentiated planet can be estimated from abundance ratios of ele- 
ments that belong to different components but do not readily fractionate from 
each other in igneous processes. We used the following (mass) ratios for the 
Moon and Earth, in conjunction with absolute values for U (59 and 18 ppb; - 4) 
and Fe (9 and 38%; - 5 , 6 ) :  - K/U = 1625 and 9440; Tl/U = 0.0028 and 0.277; 
FeO/MnO = 82 and 62 (7). Compositions of the various components were calcu- 
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lated from Cameron's abundance table (8). - Abundances of the diagnostic ele- 
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ments are shown in Table 1. 
Thirteen volatile elements of Tcond600K (Cd,Hg,B,In,Tl,Pb,Bi,Cl,Br,I,H, 
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C, and N) tend to be incompletely condensed in chondrites, to a degree that 
is hard to predict in advance. For the sake of definiteness, we have there- 
fore assigned these elements to a special, volatile-rich component, contain- 

*Values for the Moon are higher by 1.032. 

According to this picture, chondrites and planets are mixtures of the 6 
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ing the first 10 elements in cosmic proportions and the last 3, in the 

Moon 
0.2353 
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amounts found in C3 chondrites, relative to T1. 

Moon 

3.59 
3.49 
3.39 

91.6 

The calculated amounts of the 6 components are given in the last two 
columns of Table 1. They differ from our earlier estimates (l), - owing to 
changes in input parameters or the model itself. The composition and U con- 
tent of the early condensate is now based on cosmic abundances and Grossman's 
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condensation sequence, r a t h e r  than t h e  measured composition of Allende i n c l u -  
s i o n s ;  bulk Fe i n  t h e  Moon is  9 r a t h e r  than 13%; FeO/(FeO+MgO) content  i s  
based on FeO/MnO r a t h e r  than being a r b i t r a r i l y  f ixed  a t  30 mol %. 

Table 2 g ives  whole-planet  abundances o f  i n d i v i d u a l  elements.  F i g s .  2 
and 3 show t h e  same d a t a  p l o t t e d  a g a i n s t  cosmic abundance. The gross  t r e n d s  

I 1 
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- 0 . 0  0 0 0 . 0 0 1  - 

a r e  unsurpr i s ing ,  having been q u a l i t a t i v e l y  p r e d i c t e d  by many au thors ,  b u t  
t h e  q u a n t i t a t i v e  d e t a i l  is new and worthy o f  contemplation.  The abundances 
of 1 2  h igh ly  v o l a t i l e  elements (open symbols) a r e  lower l i m i t s ,  having been 
a r b i t r a r i l y  pegged t o  t h a t  o f  T1, one o f  t h e  most v o l a t i l e  elements i n  t h e  
group. The t r u e  va lues  may be  h i g h e r ,  up t o  t h e  p l a t e a u  of t h e  moderately 
v o l a t i l e  group ( h a l f - f i l l e d  symbols) a s  an upper l i m i t .  

For an i l l u s t r a t i v e  a p p l i c a t i o n  o f  t h e  model, we normalize abundances o f  
lunar  and t e r r e s t r i a l  b a s a l t s  t o  t h e s e  model compositions (Figs .  4 ,s) .  This 

- - - 
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should g ive  a c l e a r e r  p i c t u r e  o f  igneous processes  on t h e s e  two p l a n e t s ,  un- 
d i s t o r t e d  by t h e  d i f f e r e n c e s  i n  bulk  composition. The following t r e n d s  emerge. 
(a)  - A l l  L I L  elements now show s u b s t a n t i a l l y  t h e  same enrichment. A l k a l i s  on 
t h e  extreme l e f t  and v o l a t i l e s  on t h e  r i g h t  a r e  enr iched t o  n e a r l y  t h e  same 
degree a s  r e f r a c t o r y  LIL elements on t h e  l e f t ,  Groups 2A t o  6B. Most vo la -  
t i l e s  a r e  as  s t r o n g l y  concentra ted i n  t h e  c r u s t  a s  a r e  U ,  K ,  and REE.  (b) The 

gross  d i f f e r e n c e s  between lunar  and t e r r e s t r i a l  b a s a l t s  a r e  g r e a t l y  dimin- 
i shed ,  al though some d i f f e r e n c e s  (Cr,Mo,W,Re,Fe,S,Se,Te) p e r s i s t .  (c) On t h e  
Ear th ,  none of t h e  t r a c e  elements o f t e n  regarded a s  cha lcoph i le  (Cu,Ag , Zn,Cd, 
Ga,Pb,Sb, e t c . )  a r e  a s  dep le ted  a s  S,Se, and Te. Apparently t h e  geochemical 
behavior o f  t h e s e  elements dur ing  t h e  i n i t i a l  d i f f e r e n t i a t i o n  of t h e  Ear th  
was dominated by t h e i r  v o l a t i l e  r a t h e r  than cha lcoph i le  c h a r a c t e r .  

Though t h i s  model has  l e d  t o  some i n t e r e s t i n g  i n s i g h t s ,  i t  must be r e -  
garded as s p e c u l a t i v e  u n t i l  it has  been checked a g a i n s t  geophysical  and pe- 
t r o l o g i c a l  c o n s t r a i n t s .  
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Abundances of the Elements in the Moon and Earth (ppm) 
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1.6 
6.5 
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16 
7.2 
0.19 
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27 
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0.86 
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1.29 
0.84 
1.04 
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0.067 
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