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PYRITE STABILITY ON THE GSURFACE OF VENUS. M. Yu. Zolotov, Vernadsky Institute USSR Academy of Sciences,
Moscow, USSR

Pyrite FeS2 existence on the surface of Venus is much under discussion especially in centext of high radar
reflectivity of the highlands [e.2.1). Some authors excluded the stable existence of the mineral on the surfacs
[2-4], in [5,8,7] pyrite was predicted as a stable phase predominantely at the highlands, in [8-11] it was
expected a8 an important phase in buffering mineral assemblages for the lowland conditions. These investigations
showed that the results of an estimation of pyrite stability are critically depended on an adopted model
of the atmospheric chemistry. Taking into account the possible disequilibrium between gases near ths mean
planetary radius as well as for the highlands [e.g. 3.12] the stability of pvrite was estimated relatively te
contents of measured atmospheric gases (C02, €0, H20, 502, H25, COS, and S2). The fields of prrite stability wers
palculated in Fe-5-0-C-H system for the temperaturss 740 B and 705 K (395.2 bar, 6051.4 ka: and 71.4 kar.
6055.35 ka respectively [131). The stability of magnetite, hematite and pyrrhotite Fe0.3775 were also estimated
in this systen.

The calculatione show that pyrite cculd be formed as a result of chemical interaction of HZS with ferromagne-
gian silicates as well as magnetite and hematite (Fig. ! and also [14]). [Highlands seem tc  be nore
favorable for the pyrite formation. In contrast the hypsometric lsvel near to the mean  planstary
radius, providing the lowest H2S mizing ratio (1 ppm ) and highest HZ0 mixing ratio (100 ppai are found to he
near the pyrite-magnetite equilibrium line. It was shown that pyrite should not be subjectad to cxidation
by water vapor at any hypscmetric level.

Pyrite ig found to be stable also relatively to (02, as well as CO and 302 at the temperatures lowsr than
740 £ (temperature of the magnetite-pyrite equilibriva {11]) i.e. at the level sbove the  mean »planetary
radius (Fig. 2). At the high temperature lowland conditions pyrite could be oxidized to magnetite. The
possibility of pyrite oxidation by CO2 at high temperatures have been recently chown expsrimentally
[4]. The pyrite oxidation rate on the surface of Venus have been estimated as using of these kinetic data [41.
Qur data show that Fegley’s substantial extrapolations of the oxidation rate to the temperatures of the Yenus
gurface could be thoroughly corroborated as not enough accurate.

The poscibility of pyrite formation as a result of 52 interacticn with some Fe-besring mineral iz.z.
magnetite) is under the question due to uncertainty of 52 content (Fig. 3). At the 740 % pyrite chould ke
formed if 52 mixing ratio iz hizher than 0.3ppm. The calculations show that if the C0S mixzing ratio is lower than
(2-3 ppn) {i.e. Pioneer Venus measursments) an interaction of that gag with Pe-bearing minerals should net
result in ryrite formation at any hypsometric level. On the other  hand pyrite could be formed if 093
conteat iz in accord with the Venera-13,14 measurements [15] abeve 29 km (Fig. 41,

These calculations of pyrite stability show that the highland atmespheric conditione  ars  mers
favorable for the pyrite formation. That conclusicn is in agreement with the oprevicus [5,8] 3nd racent
estimations [7] of pyrite stability. Pyrrhotite if found to be unstable on the surface of Tenue (3e2 also {11}
But it is necessary to bear in mind that the real stability of pyrite iz governed by the szbsoluts and
relative rates of the suggested weathering reactions with varicus atmospheric gases.
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FI1G. 1. Pyrite and maznetite stability fields as a function of H23 and HZ0 partial pressures at the temperatures
740 and 705 K. The lines show the equilibrium conditions for the reaction 3Fell + 4H20 = Fed04 + 4HIZ + 2l
1 - for 52 wmixing ratio tz! - 0.02ppm (see [12] for ref.); 2 - for =x(SC1 = 0.3% pom 152 aizing ratis  for
{02-C0 equilibrium conditions at 740F fses [12])). The arrcws show the error bars  for uncsrtainbizs of
thermodvnasic properties of the substances. The Venus® atmospheric conditions | xtH2S) = 1-8 ppm, xfHEDS =

20-10) pom, 1see [12) for ref.)i are shown as quadrznglss.

F13. 2. Pyrite and magnetite stability fields as a function ¢f C0 and 302 psrtial pressurss 3t 740. 720 and 78
The lines show equilibrium oonditicns for the reactisn JFeSE + 16002 = Fed04 + 6501 + 1800 for x(£021 = 0.
The Tenus ztmospheric conditions 1xiC0) = 17-20ppm. x{302) = 130-185ppm are shown as quadringles.

CRIN- ]

L Ty
.

© Lunar and Planetary Institute ¢ Provided by the NASA Astrophysics Data System



LPSC XXII
PYRITE STABILITY
M. Yu. Zolotov

FIG 3. Pyrite and magnetite stability fields as a function of 52 and 502 partial pressures at 740 and 705 £. The
lines show the equilibrium conditions for the reaction 3Fe52 + 2502 = Fed04 + 452. The Venus atmospheric
conditions { z(52) = 0.003-0.02 ppm, =x(502) = 130-185 ppm {see [12] for ref.)) are shown as auadrangles.

FIG.4. Pyrite and magnetite stability fields as a function of CO and COS partial pressures at 740 and 705 . The
lines show the equilibrium conditione for the reaction 3FeS2 + 200 + 4C02 = 6CO8 + Fed04 for =x(C02) = (.965.
The Venus® atmospheric conditions: 1 - ( x(C0) = 1.7-20 ppm, x(COS) < 3 pmm {see (12 for ref.}) are shown on
the left part of the plot; 2 - x(C0O) = 17-20 ppm, %(C0OS1 = 20-60 ppm [15] are shown as quadrangles.
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