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CIIEM1CA.L wlZATHERIMG OF OLNIMES AND FERROb4AGNESU.N PYROXENE ON 
THE SURFACE OF VENUS. M. Yu. Zolotov, Vernadsky Instltute USSR 
Academy of Sclence, Moscow, USSR. 

0 l iv ine  (Mg,Fe)2S i0  4 and f erromagnesian pyroxene (M g , ~  e )S  i0  3 
a r e  knovn as t h e  rockforming minerals of basa l t s  v ich a r e  expected 
to  be videspread on t h e  surface  of Venus. The previous s t ab i l i ty  
est imations of these  minerals in  re la t ion t o  the  atmospheric g a s e s  
(C02,CO - 111; H20,H2 - C21) predicted a chemical veather ing of 
~ e - r i c h  phases.   his repor t  presents  t h e  s t ab i l i ty  estimation of 
these  minerals a t  the  expected redox range on t h e  surface  131 made 
by t h e  f r e e  energy  minimization method. The equilibrium mineral 
compositions v e r e  calcula ted in  the  system # g-F e-S i-0 -C -S which 
v a s  opened i n  respect  t o  C O Z ,   SO^, and 0 2 .  ~ i x i n g  ra t ios  for c o z  
( 0 .  965) and s o 2 (1. 5E-4) were used according t o  instrumental d a t a  
[41. aedox conditions v e r e  used vi th in  the  interval:  -22 < 
Log~t02)  < -18. The input da ta  contain a l s o  f r e e  energ ies  of 
formation and chemical composition for t h e  in i t i a l  minerals and 
possible veather ing products. ~hermodynamic proper t ies  of o l iv ine  
and F e-,# g-pyroxene sol id  solut ions  were estimated from r5 ,6 I .  

The calcula t ions  of equilibrium mineral assemblages as a 
possible veather ing products shov t h e  ins tabi l i ty  of F e-rich 
o l iv ines  and pyroxenes on the  present surface  (Fig.1,   able 1). 

The veather ing of these  minerals could resul t  i n  formation of 
fors ter i te ,  ens ta t i t e ,  pyr i te ,  magnetite, hematite and quartz.  The 
equilibrium mineral assemblages of veather ing products a r e  found 
t o  be s t rongly  depended on redox conditions, e levat ion and 
composition of primary minerals. For instance.  a t  735 K and 
logp(0 2)=-21 t h e  folloving weathering react ions  a r e  expected: 

(M g,F e ) lS  i0 and (M g,Fe)S i0 - 3 -> ~ g *  g ~ e O .  
i O 3 +  ~e o + s i o  

c. 4 3 4 2 
(Mg < F e )  

H igh-magnesian o l iv ines  (F 0>9 5 1 and pyroxenes (E n>9 0 ) a r e  found 
t o  be s t a b l e  a t  such conditions. ~f t h e  l o g ~ t o 2 )  > - 2 0 . 5  (a t  735 
K t h e  oxidation of t h e s e  s i l i ca tes  could be  resul ted in  hematite 
formation. Pyr i te  could be  formed i f  l ,og~102) < -21. 46 at 735 K . 

water vapor and carbon dioxide should be considered as the  main 
oxidizers of ferromagnesian s i l i ca tes .  while pyr i t e  could be  
formed as a resu l t  of interaction of some ~ e - b e a r i n g  mineral v i th  
H2S and s2 ra ther  than Cos 171. 

The similar ca lcula t ions  for the  highlands (705 and 690K) shov  
that  i f  t h e  redox conditions a r e  governed by rea l ly  exist ing g a s e s  
ra ther  than 0 2  penetra ted from 35-40km (see [31) t h e  veather ing of 
~ e - , ~ g - m i n e r a l s  should resu l t  in  pyr i te  formation as veil as 
magnesite, e n s t a t i t e  and quar t s  (see  able 1 and E711. 

R E F E R E N C E S :  1 .  ~ e v i s  J .  S .  (1370) E P S L  10,  p. 73. 2 .  Zolotov M. l u .  
(1356) L P S C  S V I I ,  p. 971.  3.  - (1991) ~ e d o x  cond. . , th i s  vol .  4 .  Von 
z a h n  u . et, aL. (19831 in  venus,  ed.  D. Hunten e t  al. ,Univ. Ariz. 
Press .  p. 2 9 9 .  5 .  wood 8. J . , K Leppa 0 .  J . (1980) ~ e o c h i m .  Cosm. A cta .  
45, p.  529. 6 .    hat ill on-colinet C .  e t  al. (1983, ibid, 47, p.  1597. 
7 .  z olotov M . Y u .  (1991) pyr i t e  s t ab i l i ty .  . , th i s  vol .  

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



1 5 6 8  LPSC SKI1 

Chemical weathering 
Zolotov, M. Yu. 

Table 1. P o s s i b l e  p r o d u c t s  o f  chemical  
wea ther ing  o f  some Fe-,Hg-bearing 
m i n e r a l s  a t  t h e  s u r f a c e  o f  Venus 

Fig.1. Phase r e l a t i o n s  o f  o l i v i n e  and 
Fe-',Hg-pyroxene s o l i d  s o l u t i o n s  and 
t h e i r  wea ther ing  p r o d u c t s  as a f u n c t i o n  
o f  oxygen p a r t i a l  p ressure  and 
and c o r p o s i t i o n  o f  i n i t i a l  m i n e r a l s  f o r  
t h e  c o n d i t i o n s  o f  Venus' s u r f a c e  a t  t h e  
tenuera tu res  735 and 735 K .  The p o i n t e r s  
on t h e  r i g h t  of t h e  p l o t s  show logP102) 
v a l u e  e s t i n a t e d  f  r o e  CO2-CO e q u i l i b r i u n  
14) .  

Weathering p r o d u c t s  
I n i t i a l  m i n e r a l  Lowlands H igh lands  

F a y a l i t e  FeZSi04 (Fa)  PyI f l t lHem t 0 Py + 0 
O l i v i n e  (Fa-Fo(50) Py/Ht/Hen t En)86 t O Py + En+ O 
O l i v i n e  IFo>50) Py IHt lHen  + En)94 + Fo>94 Py t En t Hag 
F o r s t e r i  t e  Hg2Si04 (Fo)  no EntHag 
F e r r o s i l i t e  FeSi03 ( F s )  Py/ t l t /Hea t Q PY + 0 
Pyroxene (Fs-En ) Py/Vt/Hem + En)86+ Q PY + En + Q 
E n s t a t i t e  HgSi03 (En)  no no 
Plagneti t e  Fe304 ( I t )  PylnolHem PY 
Hemat i te  Fe203 (Hen) PyIPl t lno PY 
P y r i t e  FeSZ ( P y )  no/Ht/Hea no 
P y r r h o t i  t e  Fe0.877S Py lH t lHen  PY 
Bagneslum s u l f a t e  HgS04 no  /Fo "a9 
H a g n e t i t e  HgC03 I t lag)  no I F o  no 
B a s a l t i c  assemblage P y l H t l H e ~  + E n M 6  + Fo>94 Py t En t Nag 
o f  Fe-,Hg-minerals + Q + Q 

t i f  a  p r i ~ a r y  m i n e r a l  i s  i s o l a t e d  f r o n  e n s t a t i t e ;  1 - and/or ;  
no - w i t h o u t  any weather ing  p roduc ts ;  Q - q u a r t z .  
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