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FEDOX CONDITIONS OF THE NEARSURFACE ATMOSPHERE OF VENUS. 11. 
Equilibrium and diseaullibrium models. M. Yu. Zolo tov. Vernadskv 
1x&titute USSR ~ c a d e ~  of Sciences ,  Moscow, USSR. 

The estimation of redox conditions near  the  surface  of Venus 
resu l t s  in r e l a t i v e  vide  range of logp(0 2 )  value: 
(-22. 67)-(-20 . 5 3 )  a t  t h e  tempepatures 735-745 K [I]. poss ible  
reasons  of t h e  disagreement of l o g ~ c o z )  va lues  estimated from 
var ious  instrumental da ta  a r e  discussed belov.  

EQUILIBRIUM M O D E L  F O R  T H E  L O W L A N D S .  The estimated range of the  
log~cO21 va lue  seems t o  be not v ide  enough for the  absolute  
exclusion t.he assumption about the  gaseous  chemical equilibrium 
near  the  surface .  I n  the  c a s e  of the  equilibrium the  est imated 
redox interval, should be considered as uncertainty range being a 
resul t  of incorrect  measurements of g a s e  contents.  ~ n d e e d  the  
instrumental d a t a  of atmospheric chemical composition (especia l ly  
for H20, H25, C O S  and s 2) a r e  not enough accurate .  In  c a s e  of 
equilibrium i t  is poss ible  t o  est imate the  content of chemically 
ac t ive  g a s e s  within the  estimated range of redox conditions c ~ a b l e  
1). These calcula t ions  shov  tha t  the  concentrations of atmospheric 
gases  a r e  extremely s e n s i t i v e  to  var ia t ions  of Log~t02)  vithin t h e  
estimated in te rva l .  

DISEQUILIBRIUM M O D E L S  FOR T H E  L O V L A H D S  A N D  H I G H L A N D S .  The 
obtained incomplete agreement of l o g ~ t o  21 va lues  calculated from 
different gaseous  equ i l ib r ia  a l s o  could be in terpreted as a 
lacking of complete equilibrium in respect  t o  all ac t ive  gases .  
~ n d e e d  i f  the  contents  of g a s e s  a r e  correct ly  measured i t  means 
the  exis tence of disequilibrium. In th i s  c a s e  the  calcula t ions  of 
equilibrium oxygen par t i a l  pressures  for va r ious  g a s e  react ions  
[I] shov the  redox capabi l i ty  for t h e  separa ted  gases .  r or 
instance,  at 740 K the  in teract ion of Hzs along v i th  s 0 2  and H ~ O  
v i th  some ~ e - b e a r i n g  mineral could resu l t  in  pyr i t e  format ion,  
vhi le  the  in teract ion of c o s  along v i th  s 02  and c 0 2  could resu l t  
in hematite formation (see ~ i g .  1. in  111 and 7 The r e a l  
directions of t h e  competing natural  chemical processes  seems t o  be 
governed by the  react ions  r a t e s .  

The gaseous  equilibrium for t h e  highland conditions a r e  hardly 
expected e v e n  L n t h e  c a s e  of a n  equilibrium within th in  
nearsurface atmospheric l a y e r  [ e . g .  3,5,31. u nequilibrium betveen 
g a s e s  is considered as t h e  obstacle  for t.he correct  estimation of 
atmospheric oxidation s t a t e  in  terms of chemical thermodynamics 
because the  atmosphere could contain re la t ive ly  high concent of 
oxidized ccoz, s 02 ,  H20, and 02? )  and reduced g a s e s  t co ,  c O S ,  Hzs , 
S 2 ,  H 2 ) .  The atmospheric oxidation s t a t e  above the  nearsurface  
formally could be governed by s e v e r a l  factors: 

a .  1f  t o  assume the  existence of 'frozen' chemical tropospheric 
composition up t o  about l z k m  12-51, the  0 2  content on the  
highlands would b e  considered as equal  t o  t h e  02  content on t h e  
Lovlands E9 I.  I n  t h i s  c a s e  the  nearsurface  tropospheric l a y e r  
seems t o  be character ized by the  most reduced conditions in  t h e  
troposphere 131 i n  contras t  t o  equilibrium distr ibution shown a t  
~ i q . 1  in  1 But taking in to  account the  part icipation of r e a l l y  
exist ing g a s e s  in  redoxreactions ra ther  than f ree  oxygen I t h i s  
approach nov seems t o  be oversimplified. 
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B .  Taking in to  accaunt the  the  detection of f r e e  oxygen higher 
than 35 kmt5,101 the  t r aces  of f ree  0 2  penetrated from the  30-4Okm 
atmospheric l e v e l  should not excluded. a n d  s o  i t  seems l ikely  t,o 
expect the  some increasing of P O 2  va lue  up to  the  mean planetary  
radius that  a l s o  (as for p i n t  a ,  resu l t s  in  hematite st,ability a t  
the  highlands. 

c.1f t,o exclude t h e  i,ncorporation of 02 t o  the  surface  the  redox 
conditions should be governed by reaL1,y exist ing g a s e s  that  
r esu l t s  i n  more reduced conditions for t h e  highlands than for the  
lowlands fo r  the  a l l  measured atmospheric g a s e s  (see Fig.  1, i n  
I l l ) .  

The Last poss ibi l i ty  seems t,o be more r e a l .  I n  th i s  c a s e  the  
esti,mat,l,on of poss ibi l i ty  of redox react ions  could be real ized by 
the  comparison of resu l t s  of equilibrium calculati,ons v i th  the  
part icipation of var ious  g a s e s  v i th  the  r e a l  par t ia l  p ressures  of 
these  g a s e s  in  t h e  atmosphere. ~ u t  i t  should be born in  mind that  
the  estimated s tab i l i ty  of a mineral in  re la t ion t o  var ious  g a s e s  
v i l l  be different as a resu l t  of disequilibrium in t h e  atmosphere. 
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Table 1. Chemical coroosition of the near- 
surface troposuheric laver at various redox 
conditions (calculated values, mixing ratio). 
Redox conditions are corresoonding to: 1 - 
C02-CO epuilibriur lea. 1 in [I]), 2 - aaae- 
tite-oyrite eouilibriun (eq.7 in  [ I ] ) ,  3 - 
502-52 eouilibriur (eo. 3 in [ll), 4 - hema- 
tite-magnetite equilibriuo leq, 6 in [I]). 
Starting mixing ratios for C02, CD, SO2 and 
52 were taken according to instru~ental data 
(0.965: 1.7E-5; !.5E-4: 2E-8: ( ref. see in 
111) I .  For H2S and H2 the range is given 
corresoondinglv to uncertainties of H20 
content (2-10)E-5. Temnerature 735 K corres- 
ponds to 91.8 bar, olanetary radius b052.05 
4r. 745 K - 99.2 bar. 6050.75 ka in the at- 
mosohere of Venus [Ill. 

Gas T,K 1 2 3 4 

log 735 -21.61 -21.46 -20.89 -20.48 
P(02) 745 -21.07 -21.16 -20.53 -20.00 
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