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A  summary o f  abundances o f  t h e  v o l a t i l e  elements C, N, and t h e  nob le  
gases f o r  t h e  t e r r e s t r i  a1 p l a n e t s ,  t h e  sun, and carbonaceous m$&eor i tes  (F ig .  
1 )  shows a  s i m i l a r i t y  f o r  Venus and Ear th ,  except  t h a t  Ne and Ar abundances 
on Venus a r e  n e a r l y  two o r d e r s  o f  magni tude h i g h e r  t han  f o r  t h e  Ea r th .  I t  has 
been suggested t h a t  t h e  h i g h  abundance o f  Ne and A r  on Venus i s  due t o  an 
acqu i red  s o l a r  wind component (1,2,3). I n  o r d e r  t o  understand t h e  o r i g i n  o f  
v o l a t i l e s  i n  t h e  atmospheres o f  t h e  t e r r e s t r i a l  p l a n e t s  and t h e  r e l a t i o n s h i p  
o f  t hese  v o l a t i l e s  t o  o t h e r  v o l a t i l e  r e s e r v o i r s  such as t h e  sun and 
m e t e o r i t e s ,  i t  i s  i m p o r t a n t  t o  know whether Venus, Ear th ,  and Mars c o n t a i n  a  
common v o l a t i l e  component. U n f o r t u n a t e l y ,  t h e  i s o t o p i c  compos i t ions  o f  
v o l  a t i  1  es i n  Venus ' atmosphere a r e  e s s e n t i  a1 1  y  unknown and t h u s  cannot  be used 
f o r  comparison. 

Three-element c o r r e l a t i o n  p l o t s  have been used e x t e n s i v e l y  i n  geo- 
chemis t r y  t o  i d e n t i f y  m i x t u r e s  o f  geochemical components. We have used t h i  s  
t e c h n i q u e  f o r  N, C ,  and t h e  nob le  gases t o  compare t h e  v o l a t i l e  components of 
Venus, Ea r th ,  and Mars w i t h  s o l a r  compos i t i on  and v o l a t i l e s  found i n  carbon- 
r i c h  m e t e o r i t e s ,  and w i t h  v a r i o u s  p h y s i c a l  processes t h a t  may have mass 
f r a c t i o n a t e d  these  v o l a t i l e  r e s e r v o i r s .  F ig .  2 g ives ,  as examples, t h e  
Xe/Ar-N/Ar and K r IA r -N IA r  t h r e e - e l  ement c o r r e l a t i o n  p l o t s ;  o t h e r  p l o t s  u s i n g  
C I A r  and Ne/Ar have a1 so been examined. The so l  i d  1  i n e s  a r e  m i x i n g  1  i n e s  
( cu rved  on these l o g - l o g  p l o t s )  between s o l a r  and carbonaceous and s o l a r  and 
E a r t h  compos i t ions ,  and t h e  t i c k  marks on these  l i n e s  show v a r i o u s  component 
m i x t u r e s  i n  u n i t s  o f  t e n ,  e.g., 100 p a r t s  s o l a r  t o  1 p a r t  Ea r th .  The l u n a r  
po i  n t  rep resen ts  s o l a r  gases f r a c t i o n a t e d  d u r i  ng imp1 a n t a t i o n  i n t o  s i  1  i c a t e  
su r faces  and may more a c c u r a t e l y  rep resen t  t h e  compos i t ion  o f  s o l a r  gases on 
Venus. 

We u t i  li zed v a r i o u s  t h r e e - e l  ement c o r r e l a t i o n  p l o t s  t o  exami ne severa l  
poss i  b l e  exp lana t i ons  f o r  t h e  vo l  a t i l e s  i n  Venus' atmosphere, e.g., 
s o l  a r -meteor i  t e  and s o l  a r - E a r t h  m ix tu res ,  l u n a r - s o l a r  and l u n a r - E a r t h  
m i x t u r e s ,  ex t remely  f r a c t i o n a t e d  s o l a r ,  and low- tempera ture  f r a c t i o n a t i o n  
produced by a d s o r p t i o n  and c l a t h r a t e  fo rma t ion .  Tab le  1 i s  a  t r u t h  t a b l e  t h a t  
summarizes conc lus ions .  C on Venus i s  c o n s i s t e n t  w i t h  a  s o l a r - E a r t h  o r  
l u n a r - E a r t h  m i x t u r e  b u t  n o t  w i t h  two component m i x t u r e s  i n v o l  v i  ng m e t e o r i t e  
v o l a t i l e s .  N i s  c o n s i s t e n t  w i t h  a  v a r i e t y  o f  p o s s i b l e  m i x t u r e s  o r  w i t h  
low- tempera ture  processes t h a t  concen t ra te  v o l a t i l e s .  K r  on Venus i s  n o t  
c o n s i s t e n t  w i t h  a  s o l a r - m e t e o r i t e  mix. Xe on Venus i s  c o n s i s t e n t  w i t h  two 
component m i x t u r e s  o n l y  i f  i t s  abundance i s  a c t u a l l y  seve ra l  f a c t o r s  l ower  
t han  t h e  upper l i m i t  r epo r ted .  Ne appears c o n s i s t e n t  o n l y  w i t h  an extreme 
l u n a r - l i  ke f r a c t i o n a t i o n  o f  s o l a r  compos i t ion .  N, Ar, K r ,  and Xe would be 
c o n s i s t e n t  w i t h  a l l  o f  Venus' v o l a t i l e s  hav ing  been d e r i v e d  f rom a  l u n a r - l i k e ,  
b u t  ex t reme ly  f r a c t i o n a t e d  s o l a r  component, b u t  C would be i n  excess r e l a t i v e  
t o  t h i s  f r a c t i o n a t i o n ,  and Ne, d e f i c i e n t .  We suggest t h a t  t h e  most 
c o n s i s t e n t  e x p l a n a t i o n  o f  t h e  v o l a t i l e s  i n  Venus' atmosphere i s  t h a t  t h e y  a r e  
a  m i x t u r e  o f  an E a r t h - l i  ke  component, wh ich  c o n t r i b u t e s  most o f  t h e  C, N, and 
Xe, and a  l u n a r - l i  ke, f r a c t i o n a t e d  s o l a r  component c o n t r i b u t i n g  most o f  t h e  K r  
and n e a r l y  a l l  o f  t h e  A r  and Ne. T h i s  suggests t h a t  Venus and t h e  E a r t h  
c o n t a i n  a  common vol  a t i  l e  component i n  comparable concen t ra t i ons .  Vol a t i  l e s  i n  
m e t e o r i t e s  a r e  a p p a r e n t l y  en r i ched  i n  C, N, and Xe compared t o  Ar and K r ,  
p o s s i b l y  as a  r e s u l t  o f  low-temperature processesosuch as a d s o r p t i o n  and 
c l  a t h r a t e  f o r m a t i  on ( 4 ) ,  whose compos i t i on  a t  100 K e l v i n  t e n d  t o  p l o t  on t h e  
o p p o s i t e  s i d e  o f  t h e  m e t e o r i t e  da ta  f rom E a r t h  v o l a t i l e s .  
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3  F ig .  1 Noble gas abundances a r e  i n  cm per  gram o f  p l a n e t  o r  m e t e o r i t e ;  C and 
N abundances a r e  i n  moles pe r  gram o f  p l a n e t  o r  m e t e o r i t e :  Mars and Venus 
rep resen t  t h e  atmosphere o n l y ,  whereas E a r t h  i s  t h e  es t ima te j6who l  e -p l  anet  
i n v g n t o r y .  The s o l a r  v a l u e  i s  a r b i t r a r i l y  normal ized t o  an Ar va lue  o f  
10- .) 
F ig .  2 Kr IAr -N/Ar  and XeIAr-N/Ar t h r e e - e l  ement c o r r e l a t i o n  p l o t s  f o r  Ea r th ,  
Venus, Mars, average carbonaceous c h o n d r i t e s  (C),  t h e  sun, and s o l a r  wind 
imp1 an ted  i n t o  t h e  l u n a r  sur face.  Sol a r - E a r t h  and so l  a r -me teo r i  t e  m i x i n g  
1 i n e s  a r e  shown, as a r e  low- tempera ture  c l  a t h r a t e s  (diamond) and adsorbed 
gases (dashed 1  i n e ) .  The range o f  N/Ar va lues  f o r  Mars g i v e  t h e  a c t u a l  
measured r a t i o  and two " c o r r e c t e d "  N  abundances w i t h  t h e  assumption t h a t  a  
l a r g e  f r a c t i o n  o f  t h e  N has been l o s t  f r om t h e  M a r t i a n  atmosphere. 

T a b l e  1 .  TRUTH TABLE FOR MODELS OF ORIGIN OF VENUS' ATHOSPHERE 

ELEMENT RATIO FROM 3-ELEMENT PLOTS 
ARE N. C, & NOBLE CASES 
CONSISTENT WITH: .UM !u!l lJsf.kB m!!iQ lab!A!i 

M I X  SOLAR + EARTH 
M I X  SOLAR + MET. 
FRACTIONATED SOLAR 

AS LUNAR 
MIX LUNAR + EARTH 
M I X  LUNAR + MET. 
LOW-TEMP. ( < 2 0 0 0 ~ )  

ADSORPTION 
CLATHRATES 

YES 
NO 
NO 
excess 
YES 
NO 

YES 
YES 
I F  
EXTREME 
YES 
YES 

YES 
YES 

I F  0.1 XE 
I F  0 . 1  XE 
I F  
EXTREME 
I F  0 .3  XE 
I F  0 . 3  XE 

I F  0 . 5  XE 
YES 

YES 
NO 
I F  
EXTREME 
YES 
YES 

YES 
NO 

NO 
NO 
NO 7 
d e f i c i e n t  
NO 
NO 
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