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PYEITB STABILITY OH THE SI!RF!CE OF VENUS. H. Yu. Zolotov, ?ernadsky Institute USSR Academy af Sciences. 
Boscow, USSR 

Pyrite FeS2 existenze on the surface of Venus is much under discussion especially in ccntzxt of high r d a r  
reflectivity of the highlaads [e.g.l]. Ssne authors excluded the stable existence of the mineral on the surfxt 
[2-41, in i5,6,71 pyrite was predicted as a stable phase predominantely at the highlands. in jS-I!] it was 
expected as an important phase in buffering mineral asseablages for the lowland conditions. l'hzse investigations 
showed that the results of an estimation of pyrite stability are critically depended on an adfiptai so4e: 
of the ataospheric chenistry. Taking into account the possible disecuilibrium between gases near ths se8a 
planetary rjdius as %ell as for the highlands [e.g. 3,i2j the stability of pprite vas estizafed relati,~c:? t c  

contents of meaeured ataospberic gas33 !C02, CO, H20, S02, H2S, COS, and $21. The fields of pyrite stability Vera 
calculated in Fe-S-9-C-H syst;m for the temperatures 710 K and 705 1 ( 9 5 . 2  bar. 6051.4 km; and 71.1 bar. 
5055.35 kg respecti~elg [13!1. The stability of magnetite? hematite and pyrrhotite Fe0.9775 vere aleo e ~ t i m t e d  
in this systea. 

The calca!ation: show that pyrite could be foraed as a resglt of chemical intersction of H2S vith farraaagni- 
eian silicates as well as magnetite and he~atite (Fig. 1 and also i l l ] ; .  Highlands s e a  t c  te ncr? 
favorable for the pyrite formation. In contrast the hypsonetric lev81 near to the aean p!an?tir? 
radius, providing the lowest H2S mixing ratio (1  ppm 1 and highest 120 mixing ritia (100 p ~ ~ l  are f ~ u n d  t~ be 
near the pyrite-nagnetite equi!itriu~ line. It was shown that pyrite should not be subject?d ts oxidati;; 
by water vapor at any hypscnetric level. 

Pyrite is found to be stable also relatively to C02, as well as CO and 502 at the teaperstur" llover thari 
740 8 {temperature of the sagnetite-pyrite equilibriu~ 111 1) i.e. st the level above the ne3n p13netarg 
radius [Fig. 2 ) .  St the high tenperature lowland conditicns pyrite could be oxidized to nagnetite. The 
possibility of pyrite oxidaticn by C02 at high temper3tures have been r m n t l y  shown exp?rim?ntall:~ 
I .  The pyrite oxidation rate on the surface of Venus have been estimated as using of these kineti: data I11. 
Our data show that Fegley'e subetantial extrspoiatioos of the oxidaticn rate t,) the tenperatures of the !?enue 
surface could be thoroughly corroborated as not ;nough accurate. 

The possibility of pyrite formation as a result cf S2 interaction with scme Pe-beiring ~in3ri: :?.:. 

aagnetite) is under the question due to uncertainty of S2 content (Yig. 31. At the 710 3 >grit5 sho:~ld be 
formed if 52 zixing ratio is higher than 0.3ppm. The calculations show that if the CGS mixing rati? is lswer :b?n 
(2-3 ppmj list. Fignter Venus seasurememts) an interaction of that gas vith Pe-bearing minerals should nct 
result in pyrite fornation at any hypsometric ley?!. On the other hand pyrite could be forzed if 11'15 
content is in acccrd with the Veoera-l3,14 wasurements [ I51  above 23 km i c i p .  4 ) .  

. - These 'ealcnlati~ns of pyrite stability shov that the highland stmcs.;herit :.n?itiin~ 3re 3:*- 

fawrab!e for the pyrite foraation. That conclusion is in apreeaent with the prsviaus ! 5 , 6 ]  2nd recent 
estimations [7] of pyrite stability. Pyrrhotite if found to be unstable on the surface of Venuo {se? also [ l l l ) .  
But it is necessary to bear in aiod that the real stability of pyrite is governed by the 8bSal:~te 3nd 
relative ratas of the suggested weathering reactions with various atmospheric q3s.s. 
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"IG. 1. Pyrite and aagnetise stability fields as 3 function of H2S and 920 partial pressures at t h ?  t5n:erarnres 
740 and 705 K. The lines show the equilib~iua conditions far t h e  reaction 3FeS2 + 4H2Q : 7 ~ 3 0 4  i 1H25 + t 2 .  
! - for 52 mixing ratio 'xl - 0.OCppm !see [I?] for ref. r ;  2 - for x i S 2 i  = 9.39 ppz ! 52 nixing ratio f.!r 
CK-CO equi!ibriua conditions at 7101 isee [12 ]  \ I .  Th? arrows show the srror bars far linccrtaintis$ ? f  
thernodpnaaic properties of the substances. The Venus' atmospheric csnditisns i xig2SI z !-E ?Dm: xi820: : 
20-120 pmm! lsas j 1 2 j  ijr ref. i ;  are shcwn as ,:uajrzngl?s. 

Pi;. 2. Pyrite and nagzetise stability fields a functi~n ; f  CO ind 502 ~ : n t i 3 !  prs::::r?s 3 t  74:).  730 gnt l  7:lE R .  . ? - -  The lines show equi!ibriua ,conditions far the rejstiln 3FeS3 i 1 6 2 5 2  + G;;?: + 15C@ fqlr : ic$' i  : (j.:b:. 

T ~ E  ~ l e n u s ' a ~ ~ ~ s p h e r i ~  ?onditions lxiCOi = 17-20ppe. x!;02! = 130-195ppa are shown 3s ye,jrsnqles. 

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



PYRITE STABILITY 
H. Yu. Zolotov 

FIG 3. Pyrite and nagnatite stability fialds as a function of S2 and 502 partial pressures at 710 and 705 K. The 
lines show the equilibriu~ conditions for the reaction 3FeS2 + 2S02 = He304 + 4S2. The Venus atmospheric 
conditisns j x(S2) = O.QO3-0.02 ppm, x(S02) = 130-185 ppm isee [I21 for r?f. ) i  are shown as quadrangles. 

PIG.4. Pyrite and magnetite stability fields as a function of CO and COS partial pregsures at 740 and 705 K. The 
lin2s show the equilibriu~ conditions for the reaction 3FeS2 + 2C0 + 4C02 = 6COS + Fe304 for x(C02) = 0.965. 
The Venus' atmospheric conditions: 1 - ( x!CO) = 1.7-20 ppm, x(C0S) < 3 pmm (see r123 for ref.i) are shown on 
the left part of. the plot; 2 - xfCOi = 17-20 ppm, xiCOSi = 20-60 ppm [I51 are shown as quadrangles. 
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