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The a tmosphere  of t h e  moon i s  s o  tenuous  t h a t  i t  can  b e  r ega rded  a s  
a c o l l i s i o n l e s s  exosphere  i n  which atoms and molecules  a r e  g r a v i t a t i o n a l l y  
bound i n  b a l l i s t i c  t r a j e c t o r i e s  between encoun te r s  w i t h  t h e  l u n a r  s u r f a c e .  
D e s p i t e  t h e  s m a l l  amount of g a s ,  t h e  v e s t i g e  of atmosphere is  a n  impor t an t  
i n d i c a t o r  of l u n a r  p r o c e s s e s  which produce a tmosphe r i c  g a s e s .  Lack of a 
s i g n i f i c a n t  amount of l u n a r  a tmosphere  can  b e  a t t r i b u t e d  mainly  t o  a n  
e f f i c i e n t  e scape  mechanism f o r  p a r t i c l e s  t h a t  a r e  t o o  heavy t o  e scape  
t h e r m a l l y .  N e u t r a l  g a s  molecu le s  o r  atoms a r e  pho to ion ized  by s o l a r  r a d i -  
a t i o f  a n .  t h e n ,  i n  t h e  absence  of s i g n i f i c a n t  m a g n e t i z a t i o n  of t h e  moon, 
t h e  v x B f i e l d  of  t h e  impinging s o l a r  wind a c c e l e r a t e s  t h e  r e s u l t a n t  i o n s .  
Roughly h a l f  of t h e s e  i o n s  impact  t h e  l u n a r  s u r f a c e ,  b u t  t h e  o t h e r  h a l f  
e scape .  The geomagnetic  f i e l d  i n h i b i t s  t h i s  e scape  p r o c e s s  ove r  t h e  e a r t h ,  
w h i l e  induced i o n o s p h e r i c  c u r r e n t s  a p p a r e n t l y  cause  a d e f l e c t i o n  of t h e  
s o l a r  wind around b o t h  Mars and Venus, t h u s  caus ing  i o n s  produced below t h e  
d e f l e c t i o n  boundary t o  remain i n  t h e  p l a n e t a r y  atmosphere.  

A summary of p r e s e n t  knowledge of l u n a r  a tmosphe r i c  pa rame te r s  i s  g i v e n  
i n  Tab le  1. T h e o r e t i c a l  v a l u e s  f o r  hydrogen and hel ium are based  on c a l -  
c u l a t i o n s  by Hodges ( I ) ,  which are i n  c l o s e  agreement w i t h  independent  
c a l c u l a t i o n s  of Hartle and Thomas ( 2 ) .  Daytime c o n c e n t r a t i o n s  of hydrogen 
and hel ium may b e  expres sed  i n  two ways - i n  terms of downcoming bound 
p a r t i c l e s  which have  completed a t  least  one b a l l i s t i c  t r a j e c t o r y  o r  a s  t h e  
t o t a l  of bound and newly c r e a t e d  upgoing molecules  i n  i n i t i a l  t r a j e c t o r i e s .  
Owing t o  long r e s i d e n c e  times f o r  neon and a rgon ,  d i f f e r e n c e s  between t h e i r  
r e s p e c t i v e  bound and t o t a l  c o n c e n t r a t i o n s  a r e  n e g l i g i b l e .  

Amounts of he l ium,  2 0 ~ e  and 3 6 ~ r ,  which are known from Apol lo  1 6  (3)  
and Apol lo  17 ( 4 )  mass spec t rome te r  d a t a  a r e  i n  b a l a n c e  w i t h  t h e  s o l a r  
wind i n f l u x e s  of  t h e s e  s p e c i e s .  The l a c k  of a  l a r g e  accumula t ion  of 
hydrogen i n  t h e  l u n a r  s o i l  s u g g e s t s  t h a t  t h e  s o l a r  wind i n f l u x  of p r o t o n s  
is  s i m i l a r l y  conve r t ed  t o  a  n e u t r a l  g a s ,  presumably H2, t o  e q u a l i z e  r a t e s  
of a c c r e t i o n  and e scape .  S o l a r  abundances of 0 ,  C and N probably  exceed 
t h a t  of Ne, b u t  a tomic  and molecu la r  forms of t h e s e  e lements  d e r i v e d  from 
t h e  s o l a r  wind do n o t  show ev idence  of a  r e c o g n i z a b l e  d i u r n a l  a tmosphe r i c  
o s c i l l a t i o n  i n  t h e  Apol lo  17 mass spec t rome te r  d a t a .  The o n l y  r e a s o n a b l e  
i n t e r p r e t a t i o n  of t h i s  f a c t  i s  t h a t  ambient  l e v e l s  a r e  s m a l l  compared t o  
t h e  a r t i f a c t  background. 

Atomic oxygen i o n s  of t h e  s o l a r  wind probably  r e a c t  w i t h  l u n a r  materials 
even though oxygen is  t h e  major  c o n s t i t u e n t  of t h e  moon. Thus t h e  l a c k  of 
ev idence  of 0 o r  O 2  i n  t h e  atmosphere is  unde r s t andab le .  Atmospheric  forms 
of C and N a r e  more r easonab ly  expec ted .  By analogy w i t h  t h e  p r e v i o u s l y  
d i s c u s s e d  h y p o t h e s i s  of t h e  fo rma t ion  of H z ,  i t  is  expected  t h a t  CHq and 
NH3 shou ld  a l s o  b e  formed and r e l e a s e d  t o  t h e  atmosphere ( 3 , 5 ) .  The l a r g e  
amount of oxygen i n  t h e  s o i l  may l e a d  t o  p roduc t ion  of C O Y  C02 and NO,  b u t  
t h e s e  r e a c t i o n s  may a l s o  b e  r e v e r s i b l e .  The a l t e r n a t i v e  t o  a tmosphe r i c  
forms of C o r  N i s  t h a t  most of t h e  s o l a r  wind i n f l u x  of  t h e s e  e l emen t s  
i s  now be ing  permanently implanted  i n  t h e  s o i l .  
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The presence of excess  amounts of 4 0 ~ r  trapped i n  re tu rned  lunar  
eamples has  been recognized by Manka and Michel ( 6 ) ,  a s  evidence of 

OAr as a n  atmospheric gas .  More r e c e n t l y ,  4 0 ~ r  has  been i d e n t i f i e d  
i n  t h e  lunar  atmosphere by t h e  Apollo 17 m a s s  spectrometer  (3 ,4  5 ) .  
Since  t h e  only important source  of 4 0 ~ r  is  rad iogen ic  decay of 2 0 ~  
w i t h i n  t h e  moon, i t s  presence i n  t h e  atmosphere i s  evidence of a vent-  
ing o r  degassing p rocess ,  which s u r p r i s i n g l y  corresponds t o  about 0.4% 
of t h e  t o t a l  r a t e  of product ion of 40Ar i n  t h e  moon ( 5 ) .  

One p o s s i b l e  exp lana t ion  of t h e  l a r g e  r a t e  of r e l e a s e  of 4 0 ~ r  i s  
t h a t  most of t h e  atmospheric argon i s  produced deep i n  t h e  lunar  i n t e r i o r .  
Latham e t  a l .  ( 7 ) ,  have i d e n t i f i e d  a h igh ly  a t t e n u a t i n g  zone f o r  se ismic  
shear  waves beginning a t  a depth  of about 1000 h, I f  t h e  a t t e n u a t i o n  
is  due t o  high temperatures  and p a r t i a l  mel t ing ,  then a n  outflow of argon 
from t h e  core  could r e s u l t .  Th i s  would undoubtedly r e s u l t  i n  t r app ing  of 
t h e  gas  i n  some reg ions  and i n  a g l o b a l  ven t ing  r a t e  t h a t  depends on t h e  
d i s t r i b u t i o n  of deep f i s s u r e s .  A l t e r n a t i v e l y ,  r ad iogen ic  argon could 
have d i f f u s e d  i n t o  vo ids  w i t h i n  t h e  moon over a long per iod and some of 
these  r e s e r v o i r s  could now be  ven t ing  argon i n t o  t h e  atmosphere. An 
a t t r a c t i v e  f e a t u r e  of e i t h e r  hypothesis  i s  t h a t  i t  can e x p l a i n ,  through 
se ismic  changes i n  ven t ing  r a t e s ,  a g r e a t  v a r i a b i l i t y  i n  t h e  l e v e l  of 4 0 ~ r  
i n  t h e  lunar  atmosphere over geo log ic  t ime. Yaniv and Heymann ( 8 ) ,  have 
proposed such v a r i a t i o n s  t o  exp la in  t h e  d i s p e r s i o n  of t h e  4 0 ~ r  t o  36Ar 
r a t i o  i n  t h e  lunar  s o i l  samples. 

The r e g o l i t h  must be r u l e d  ou t  a s  an  important source  of atmospheric 
argon simply b ause  of t h e  magnitude of t h e  l o s s  rate, which corresponds 
t o  r e l e a s e  of "Ar a t  i t s  r a t e  of product ion throughout t h e  upper 3 km of 
s o i l  (5 ) .  Impact gardening may r e l e a s e  a smal l  f r a c t i o n  of t h e  trapped 
argon from t h e  s o i l ,  b u t  t h e  depth  of t h i s  e f f e c t  cannot be g r e a t  enough 
t o  make a s u b s t a n t i a l  c o n t r i b u t i o n .  Di f fus ion  of argon ou t  of smal l  g r a i n s  
t o  a g r e a t  depth  a l s o  seems an u n l i k e l y  explanat ion because t h i s  mechanism 
would not  have produced a varying supply of argon. 
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TABLE 1 

SLJMMARY OF LUNAR ATMOSPHERE PARAMETERS 

H, 4 ~ e  2 0 ~ e  6 ~ r  4 0 ~ r  

Sola r  wind i n £  lux ( ions / sec )  I 
Lunar ven t ing  (atoms/sec) I 
Photo ion iza t ion  t ime (sec)  

Residence t ime ( sec )  S I 
-3 Concentra t ion (cm ): 

day 
Experiment* 

n igh t  

Hydrogen and helium escape thermal ly ,  whi le  pho to ion iza t ion  c o n t r o l s  l i f e t i m e s  of t h e  o t h e r  gases .  

Daytime upper bound on H2 is from Apollo 17 o r b i t a l  u l t r a v i o l e t  spectrometer  r e s u l t s  (9)  whi le  t h e  
remaining d a t a  a r e  from Apollo m a s s  spectrometer experiments.  

Sunr i se  terminator  maxima a r e  given f o r  argon. Surface  adsorp t ion  removes most of t h e  night t ime argon. 


