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STA51L:TY ZF nAESESIUR- AFiD MANGANESE-BEARI;dG CASBONATES ON THE SURFACE OF VENUS. fl, f u .  Z o l o t o v ,  'Jernadski  
Institute. USSR Acadew o f  Sc iesces.  Mosiow, USSR. 

I n v e s t i a a t l o n  o f  ca rbona te  ; :ab i l i t y  on t h e  s u r f a c e  o f  Venus i s  i s ~ o r t a n t  f o r  t h e  u n d e r s t a n d i n g  o f  the  
qeochen lca l  i u c l e  o f  carbcn i n  t h e  a tmosahere - l i t ho rohere  system. C a l c i t e  CaC03 which has been e i r ! i e r  
cogs ide red  as a  a a l o r  s o i l  cowoonent f ~ r  the  b u f f e r i n g  o f  a t ~ o s p h e r i c  C02 Iq )  c a n t e n t  [ I - ? ]  ncw i s  found t z  :e 
u n s t a b l e  themodynaa ica l l u  [ 4 , 7 1  and i l n e t i c a l l r  [ a ]  i n  r e l a t i o n  t o  h i g h  SO:ig) c o n t e n t  i n  tte a tsosphere .  D o l o ~ i t e  
CaFglC3:I: a l s o  i s  u n s t a b l e  i n  r e l a t i o n  t o  SO?lg l  Cb, : ] .  The e v a l u a t i o n  o f  a a g n e s i t ?  flgC03 and r h o d o c h r a s i t e  7niCT 
s t a b i i i  t v  i n  t h e  ;,/;tea: H-0-S-C1-F-Fg-Fe-Mn-Si a t  the  T,P-range o f  Venus s u r f a c e  i s  p resen ted  i n  t h i s  r e s o r t .  

:he the raodvnaa ic  ? s t l a a t i o n s  j h o r  t h a t  t h e  c h e ~ i c a l  wea ther ing  o f  ~ a q n e s i a n  o l i v i n e s  iFo '50 )  shou ld  r e s u i t  
i n  f o r s t e r i t e  f o r f l a t i o n  [ 9 ]  which  o robab lv  c o u l d  r e a c t  w i t h  C X ( g !  and s u l i u r - b e a r i n g  gases a t  i r e  
cond i t i cn ;  d i f f ? r l n g  i t o m  t h a t  a t  the  aean o l a n e t a r y  r a d i u s .  Sccoro ing  t o  [:I and our  d a t a  the  f o r ~ a t i a o  gf 
ma;nesite as a  a r c d u c t  o f  c a r b o n a t i o n  o f  f o r s t e r i t e  1s w e l l  o l a t i r i b i e  a t  tne  n igh land;  i n  accord w i t h  t h e  re6;ti;n: 

Rg2Si04 + CO?!gi = l lgSi03 + MoCO! ! I !  
U n f o r t u n a t e l y  the  i n j t r u a e n t a :  u n c e r t a i n t i e s  i n  d e t e r n i n a t i o n  o f  thermodynamic j r o ~ e r t i ~ s  o f  t h e  conoounos 1: 

1  1e.a. c ! l n o e n s t a t i t e )  do n o t  a!low t h e  a c c u r a t e  e s t i ~ a t i o n s  o f  h i s s s ~ e t r i c  l e v 2 1  o f  e o u i l i b r i u a  i n  ( ! I .  TP{is 
e l e v a t i o n  o f  the beg lnn ina  c i  f ~ r s t e r i t e  c a r b o n a t i o n  i s  v a r i a b l e  w i t h i n  an i n t e r v a l  o f  s e v e r a l  k i l o m e t e r s  
[ F i g .  11. 

The s t a ~ l ! i t , ;  e s t l n a t i o n  f o r  f o r s t e r l t ?  and Ragnes i te  i n  r e ! a t i c n  t c  S 0 2 l g )  seems t o  be h i g h l y  deoended cn 
l i g c e r t a i n t i e s  o i  redox c o n d i t i o n s  ( s e e  F i a . l . A i .  I f  we assume t h a t  those c o n d i t i o n s  a r e  governed bp redox caoa- 
b i l i t .  o f  w a s u r e d  a tmosoher i c  gas25 (2.g. CO:. C3, HZ01 ( s e e  [ l o ] )  i t  jeems more l i b e l v  t o  exaac t  c a r b o g a t i o n  a j f  

f o r s t e r i t e  ( s f e  eo.1)  r a t h e r  than i t s  s u l f a t i z a t i o n  a t  t h e  n l g h l a n d  c o n d i t i o n s  i j e e  F i g  1.5 and [ q j ! .  7% 
c a l c u l ?  t i o e s  o f  caul! i b r i u o  f l i n e r a l  assenbl  anes {nade bv the  f r e e  enerov ~ i n i a i z a t i o n  ne t3sd  i n  the  j / j i e n  
C-0-S-Fe-la-Si show t h a t  above the h v o s o m e t r ~ c  l e v e l  o f  e o u i l i b r ~ u ~  f o r  the  r e a c t i o n  ( 1 )  r i v e ,  above 6054,: a r  
6058.1 kn! the chemical  wea ther ing  o f  t v o i c a l  o l i v i n e  s o l i d  s o l u t i o n s  i n  b a s a l t s  (Fo!SO) c o u l d  r e s u l t  I n  ~ a g n ~ s i t e  
f o r m a t i o n  i n  a s s e m ~ l a g e  w i t h  e n s t a t i t e  and p y r i t e  ( see  Table 1 i n  [ 9 ! ) .  

M i x i n g  r a t i o s  o f  reduced s u l f u r - b e a r i n g  a t n o s p h e r i c  gases: COS, H2S and 52 1::-3ooe, 3opa. 0 . 0 2 0 ~ 0  {see  ::1] f o r  
r e f , )  1 a r e  found t o  be n o t  h i g h  enough f o r  t n e  n i n i n g e r i t e  Mg5 f o r m a t i o n  as a  r e s u l t  o f  chemical  wea ther ing  
o f  r h o d o c h r o s i t e .  Fo r  i n s t a n c e ,  at 710K and 75.2 b a r  t h e  f o l ! c w i n g  r e a c t i o n  

MgC03 + H Z S ~ ~ )  = ngs + H?Oig! + ~ 0 2 i g )  ( 2 )  
cou ld  oroceed o n l y  i f  H?S(91 n i x i n g  r a t l o  z x i d s  9.33-9.14 a t  t h e  n i x i n g  r a t i o s  f o r  H13!g) and 532 !g , :  
23-10Coom and 0.765 r e s n e c t i v e l v  !see [ l : ]  f o r  r ? f .  l .  At t h e  co f id i t i on .  o f  Venus s u r f a c e  r a g n e s i t e  a l s o  s n c u l z  
n o t  r e a c t  w i t h  G C l ! ? I  and HFigr  i f  t h e  m i x i n g  r a t i o s  o f  tnese  gases near  t h e  s u r f a c e  a r e  i n  accc rdanc t  a i r y  
; o e c ' r o s c o ~ l c  aeasurements i0.5opm and 5 o ~ b  r e s o e c t i v e l v  i s e e  ! i l l  f o r  r e f . ) ) .  The f o l l o w i n g  r e a c t l e n s  

EgC03 + 2HCI (g )  = ngCi2 + H20(g )  + C 3 2 ( g i  {;) 

figC03 + :HF(g) = MgF: + q:O(a) + CO2Ig! ! 4 !  
cou ld  proceed i f  HCi m l r i n g  r a t i o  exceed; 900-2100ppa a t  740K (95.2 b a r ! ,  1120-25000oa a t  b75K (55.2 b a r ;  : 
and HF!gI  a i x i n a  r a t i o  exceeds 0.12-0.27ppa a t  730K. 0.05-O.l loom a t  b75K a t  t h e  g e n t i o n e d  above 3 i z i n g  r a t i c s  
i o r  H20 ig )  and C 0 2 ( ? ) .  

4n a e o l i a n  t r a n s a o r t a t i o n  o f  a a g n e s i t e  p a r t i c l e s  t o  t h e  low lands  and i n t e r a c t i o n  w i t h  e n s t a t i t e  cou ld  r e s u l t  
i n  f c r s t e r l t e  i o r a a t i o n  and the  r e l e a s e  s i  C02 i n  t h e  a tnoschere  as i t  has been suagested in [ 5 1 .  If ( ~ a a n e s i t e  i s  
i s o l a t e d  f rsm e n s t a t i t e  i t  s h o u l d  be s t a b l e  on the  l o r l a n d s .  I f  t o  t a k e  i n t o  account  t h e  r e l a t i v e l v  :ow r a t e  sf  t h e  
s o l i d - s o l i d  t vpe  i n : e r a c t l o n  o f  maonesi te  and e n s t a t l t e  tne  a c c u a u l a t i o n  o f  a a ? n e s i r e  on t h e  l o u l a n d s  i s  n o t  
sxc luded.  

Accord ing  t o  :he :hermodvnamic c a l c u l a t i o n s  r h o d o c h r o s i t e  c o u l d  be i o r n e d  as a  r e s u l t  o f  r h o d o n i t e  YnSiOT 
( r a t h e r  than t e o n r o i t e  8n2Si041 c a r b o n a t i o n  a t  anv ? l e v a h i c n  b v  i h e  r e a c t i o n :  

flnSiO3+ CC2Iql = nnSc3 + SiO2 ( 5 1  
E c u i l i S r i i i n  c a r t i a l  D r e s j u r e s  o f  carbon d i o x i d e  f o r  t h i s  r e a c t i o n  i s  40.7 ba r  a t  t h e  te laoera t l i re  o i  74::k and 1 b . i  
;ar 3 t  b'5K. Rnodo:hrssite i s  j ugqes ted  t o  f o r a  as 3 bv-o reduc t  o f  chew ica l  wea ther ing  ( e x i d a t i o n  1;r : u l t i c i -  
z a t i s n :  s f  f in-searrng o l i v i n e s  and ovroxenes f r u a  b a s a l t s  I;e? [ 9 ] i  r e s u i t e d  i n  finSiC3 f o r n a t i c n ,  %CC: 
acaearoa :a be a  s i r t a l ?  ca rbona te  d h i c h  i s  t h e r n o d v n a a i c a i l v  s t a b l e  i n  r e s s e c t  o f  502 a t  any h v o s c n e r r i c  l e + ? i .  
Yanginese su l f ; te  5nS34 c g u l d  be forwed b y  t he  r e a c t i o n  

Mni33 + S92!g! = Yn531 + [ C i a !  15) 
a t  ?lt?K z n ! , ~  i f  502 n i r i n q  r a t i o  w i l l  ae r o r e  than 0.023, and aare  t;lan 57O;;pa a t  4i5K.: I C C  a i x l n j ,  
rat;;: i '  o o a l .  flano3nese ca rbpna t?  i s  a151 s t a b l e  i n  r e i a t l o n  t o  H C i l g !  and HF(g1. S e a c t i o n  (!I ;5ulC p r o c ? f d  i f  
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MCl rg i  a i x i n a  r a t i o  exceeds 8-17ooa a t  740K, 4-1300s a t  b75K.  R e a c t i o n  18)  c o u l d  Droceed i f  HF lg )  a i x i n g  r a t i o  
exceeds 5-19uoa a t  750K and 3-7ppa a t  5751 

flnC03 + 2 H C l ( g )  = MnCI? + H201g) + CO2ig) ( 7 !  
H n C 0 3 + 2 H F L g ) = b n F 2 + H 2 0 1 g ) + C O 2 l g )  ( 8 1  

:f the  H2Slg; con ten t  i n  the  a taosphere  i s  about  Z D G ~  I 1 1 1  t h e  a l a b a n d i t e  f o r g a t i o n  shou ld  n o t  be exc luded  
MnC03 + H i S i g l  = MnS t H20(g I  t CO?(g) 19 \  

That r e a c t l c n  c o u l d  ~ r o c e e d  l f  H:S(g) a i x i n g  r a t i o  exceeds 0.02-O.11pon a t  740K and 3.03-0.15onm a t  575K. 
The s c a l e  o f  the  i c n t e a ~ o r a r v  c a r a o n a t i o n  seeas n o t  t o  be e s s e n t i a l .  Magnesi te  i o r m a t l o n  i s  e v i d e n t l v  j e v e r e l v  

l l a ~ t e d  b v  1 ~ w  o l i v i n e  c o n t e n t  i n  b a s a l t 5  ( u s u a l l y  i 10x1 as w e l l  as bv s u b o r g i n a t e  r o l e  o i  areas where t h e  
f a r s t e r i t e  c a r t o n a t l o n  c o u l d  t a k e  a lace :  o n l y  2.3% o f  t o t a l  s u r f a c e  area i s  s i t u a t e d  above 6053.4 k m ,  That 1s 
t a k i n o  i n t o  account  t h e  u ~ s t a b i l i t v  o f  c a l c i t e  and d o l o m i t e  c n l v  a  few v o l ,  o e r c e n t s  o i  ca rbona tes  (qagnesi:? 
o r l a n d  r h o d o c h r o s i t e !  c o u l d  be e r ~ e c t e d  on the  s u r f a c e  as p r o d u c t s  o f  t h s  o r e s e n t  weatherin! o f  D a j a l t s .  

The c a r b a n a t i o n  as s e l l  as o t h e r  chemical  orocesses on the  su r face-a tnosahere  i n t e r i a c e  a re  a l s o  l i t l i t?: 
b.; t he  low r e s u r f a c i n o  r a t e  1141. F o r  i n s t a n c e ,  t h e  t o t a l  n a j s  o f  CD2 i n  the  a tnosopere  IJ.:E+23 t g I  

t h ~ o r e t i c a l l w  i c o i j  be ccnsuned b v  e a g n e s i t e  i a r m a i i a n  w i t h i n  t t ,e 10 k a  t h i c k  l a v e r  o f  f r e s h  03sa11s 
c a y e r i n q  t:!e t s t j l l  s u r f a c e  o f  t h e    la net. Yence the  l o c a l  c o n t e m s o r j r ~  c a r b o n a t i o n  i s  e v i d e n t l y  c o n s i d ~ r e d  
a j  a : a r a e l y  s ~ i b t r d i ~ a t ?  f a c t o r  o f  t h e  changes o i  t h e  t o t a l  nass g f  a t ;ncsoher ic  LO?. I n  t h i s  t h e  
~ o s j l b i l i t .  f ;owe buf  f e r l n a  o4f a t m s o b e r i c  COZ bv c a r b o n a t e - s i l  i c a t e  e a u i l i 3 r i a  as ha.fe been 
zrooosed o r e v ~ o u j l v  [ I - 3 , 5 ]  sow i s  c ~ n j i d e r e d  as g n r e a l .  

EFFRE 'JE : :  !. Urev H. C ,  i19511 Geochia. Cosa. Acka. 1, o. 209. 2 .  Wuel je r  R.F. !19631 l c a r u s  3. o . 2 9 : .  
5 .  L z d i s  1.S.  i 1 3 7 ? :  EPSL 10. 0.73. 3. Khodakovsi.+ I . L .  e t  a l ,  i 1 9 7 Q i  I c a r u s  35. 0.352. 5. N c z e t t e  S., Lewis 
J . S ,  11992! Sc ience 115. ~1 .181 .  5 .  Z o l o t o v  M.Yu. !1?85! LPSC Y V 1 ,  p.942. 7 .  4o ikov  ' J . P . ,  Zo lo tov  M. ' tu . ,  
khodakcvskv I.:, 119861 l n  Phvs, ano Che?a.of T e r r e s t .  P l a n e t . .  ed. S. Sauena, S c r i n a e r ,  3.156. 8 .  Feg iev  8.:. , 
P r i n n  R.G. !1F891 N a t u r e  337, n.55. 9 .  l o l a t o v  f l . 1 ~ .  Cheg ica l  we;thering.., t h l s  vo:. 10. - Redox c o n d i t i o n s . . ,  
t h i s  v o l .  11. 'Jon !ahn U, e t  a1,!1Q83! i n  Venus, ed. D. Hunten, Ari:. Un iv .  Press.  o . 3 5 .  12, k i j e l e v a  
1.9, e t  a1 ( 1 9 7 j )  Geokh ia i ya  Nol:. P.1811. 13. Robie R . A . ,  H e n i n ~ n a v  B.S.. F i s h e r  J.R. 11978) Gecl .  Surv. B u l l .  
1652. hash. 14 .  A rv idson  R.E, e t  a i . ! 1?90)  Geooh. Re;. L e t t .  I!, u.1185, 15. S e i f f  9. e t  a l .  (19951 Adv. Soace Res. 
5 .  Ro 11. 0 .3 .  

F i g .  1. Ph3se r? la t i : ns  i n  t h e  j ~ j t e ~  f ig-Si-C-g-5 as a  i u n c t i t n  o f  t e g c e r a t u r e ,  oxygen ( A )  and carzon 
 ono oxide 1 0 1  ;art:ai a ressures  f o r  the  c o a d i t i o n s  o f  'Jenuj s u r f a c e .  The m i x i n g  r a t i c s  f o r  C02 i2 .?65!  and 502 
!I:!? oof i i  were u j e l  i r o n  [:I!. 1 - ( S o l i d  e s u i l i b r i u r  i i n e s !  f o r  c i i n o e n s t a t i t e  e n t h a l a v  i ~ f  f s r m a t i o n  at t n e  
t e % o o r a t u r e  298.15K 1-!:45.! k J : a o l ]  taken i r c m  [!?I: ? - ( d o t t e d  l i n e s )  f o r  the  c l i n o e n s t a t i t e  e n t h a i ~ v  c f  
f o r a a t i o n  a: 39.1:K (-1547.a kJ!moll taken fro13 [ l : ] .  The Venus' 3 tmosoher ic  c o n ~ i t i o n s  iCO 8 i : i i n g  
r a t l o :  117-29 oomj a r e  shown on the  r i g h t  o f  l o t  8. ?-T-h atmosoher ic  p r o f i l e  i s  f rom [ !51.  f a  - i o r s t e r i t e  
n!;SiO*: En - r i i n o e n r t a t l t e  UaSiO:: flag - l a y e s i t e :  fls - aapnesium s u l f a t e  MgS04. 
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