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Investigation of carbonate stability on the surface of Venus 1is important for the understanding of the
gecchemical cvcle of carbon in the  atmospherz-lithosphere systea, Calcite CsC03 which has been earlier
considersd as a Aajor soil coaponent for the buffering of atmospheric C02(a) content [1-5) now is found to be
unstable themodynamicallv [6,7] and kinetically [8] in relation to high S02(g} content in the atmosphere. [Doloaits
CaMg(C03)2 also is unstable in r2lation to S02(g) [6,7]. The evaluation of magnesitz Mal03 and rhodochrositz Mnl02
stability in the systea: H-0-5-Cl1-F-Mg-Fe-Mn-Si at the T.P-range of Venus surface is presentad in this regort.

The thermodvnamic estimations show that the cheaical weathering of  aaonesisn olivines (Fo’30) should rasult
in forsterite formation (9] which oprobably could react with CD2(g) and sulfur-bearing gases at tre
conditions differing from that at the mean oplanetary radius. According to [5] and our data the formation aof
magnesite a5 a oroduct of carbonation of forsterite 1s well plaucibie at the highlands in accord with the reacticn:

Mg25i04 + C02{g) = Hg5i03 + MalQ3 (1)
Unfortunately the instrusental uncertainties in determination of thermodynamic aroperties of the compounds 1
{1 f(e.q. clinoenstatite) do not allow the accurate estimations of hypsoametric leval of equilibriva in (1), Thi
elevation of the beginning of forsterite carbonation is variable within an interval of several kilometer
(Fig. 1),

The stapilitv estimation for forsterite and magnesite in relation toc SD2(g) seems to be highly depended cn
uncertaintiss of redox conditions fcee Fig.l.A}. If we assume that those conditions are governed by redox capa-
bilitv of measured atmospheric oases (e.g. CO02, CQ. H20) {see [10]) :t seems more likelv to expect cartonation aof
forsterite (see 20.l! rather than its sulfatization at the nighland conditions {see Fig 1.5 and [9]}. The
calculations of scuilibrium nineral assemblages nade by the free energy ainimization nethsd in  the systea
£-0-S-Fe-Mg-S1 <chow that above the hypsometric level of eguilibrium for the reaction (1) (i.e. above £0S2.% or
6038,1 km) the chesical weathering of typical olivine solid solutions in basalts {Fo}S0) could result in asgnesite
forsation In asseablage with enstatite and pyrite (see Table ! in [9]).

Mixing ratios of reduced sulfur-bearing atmosoheric gases: CO0S. H2S and 52 ((2-3opa, Joom, 0.02ppm izee [!1] for
ref,)) are found to be not high enough for the niningerite MoS formation as a result of cheaical weathering
of rhodochrosite. For instance, at 740K and 95.2 bar the following reaction

MgLO3 + H2S(g) = MgS + H20(g! + COZ2(qg! 2)
could oroceed only if H2S(q) aixing ratic =xids 0.03-0.14 at the aixing ratios for H2Dig) and CCZ(a;:
20-100pom  and 0,945 respectivelv (see [11]) for ref.}. At the conditions of Venus' surface magnesite also should
not react with HClfa) and HFig) if the mixing ratios of these gases near the scurface are in accordance wit
spectroscopic measur2sents (0.4ppm and Sopb respectively isee [il] for ref.}}. The following reactions

MgCO3 + 2HCl(g) = MgCl2 + H20(g) + CO2{z) (3}

#aCO3 + 2HF(g) = MoF2 + +20(q) + CO2(q) 14)
could proceed if HCl(g) aixing ratio exceeds 900-2100ppm st 740K (99.2 bar}, 1100-2500ppa at 673K  (53.2 barl:
and HFig) mixing ratio exceeds 0.12-0.27ppa at 740K, 0.03-0.1lppm at 675K at the mentioned above ai¢ing raties
for H20(g) and CO2(a).

An azolian transportation of magnesite particles to the lowlands and interaction with enstatite could result
in forsterite formation and the release of C02 in the atmoschere as it has been sugoested in [3]. If magnesite is
isolated from enstatite it should be stable on the lowlands, If to take into account the relativelv low rate o7 the
colid-solid tvpe interactiocn of magnesite and enstatite the accumulation of magnesiie on the lowlands is not
excluded.

According to the thermodynamic calculations rhodochrosite could be formed as a result of rhodonite MnSiQ3
{rather than teonroite Mn2Si04) carbonation at anv 2levaticn bv the reaction:

Mn5i03+ CD02(g) = MnC23 + SGi02 (5]
Equilibrium partial oreesures of carbon dioxide for this reaction is 60.9 bar at the temoerature of 740k and 16.7
Jar at 675K, Rhodochrosite is suggested to form as 3 bv-product of chemical weathering (ocxidation or zulfigi-
zationt af Mn-searing olivines and ovrowenes froa basalts (se2 [9]) resulted in  Mn5i03 formation, “nlDJ
appearad ta be 3 siagle carbonate which is thermodvnamically stable in ra2spect of 302 st any hvoscmetric level.
Mangansse sulfata MnSd4 could e formed bv the reaction

MnCO3 + S02(q) = MnS34 + COiqy {8
at 740k galv  if SO2 aixing ratio will G&e amore than 0,023, a3nd acre than 579ppm at 475K: QiCD alxing
ratic: 17 pomi, Manganese carbonate is alsy stable in relation to HCllg) and HF(g). Reaction {7) coulo procesed if
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HCl(g} mixing ratio exceeds 8-17ppm at 740K, 6-13poa at 675K, Reaction (8) could opreceed if HFig) a1xing ratio
exceeds 3-10pom at 740K and 3-7ppm at 675K
MnCO3 + ZHCl(g) = MnCl12 + H20(g) + CO2(a) (7!}
MnCO3 + 2HF(g) = MnF2 + H20(g) + CD2la) (8
[f the H2Sig) content in the atmospher2 is about Jppm [11] the alabandite formation should not be excluded
MnCO3 + H25(g) = MnS + H20(g) + CO2(g) (9
That reaction could oroceed if HZS(g) mixing ratio exceeds 0.02-0.1lppm at 740K and 0.03-0.15poa at 473K,

The scale of the contemsorary carbonation seeas not to be essential. Magnesite formation is evidentlv severely
limited bv low olivine content in basalts (usually ¢ 10%) as well as by suboroinate role of arsas where the
forsterite carbonation could take olace: only 2.3V of total surface area is situated above 4054.4 ka, That is
taking into account the unstabilitv of calcite and dolomite onlv a few vol. percents of carbonates ({magnesite
or/and rhodochrosite) could be expected on the surface as products of the oresent westhering of basalts.

The carbonation as well as other chemical processes on the surface-atmosphere interfacz are alsc limited
by the low resurfacing rate [14]. For instance, the total mass of C02 in the atsosphere (4.7E+23 2!
theoretically could be consumed by magnesite farmation within the 10 ka  thick laver of fresh basalis
covering the  tstal  zurface of the planet. Hance the local contemporary carbonation iz evidently considerad
a5 a iarqgely subordiratz factor of the changes aof the total mass of atmospheric [02. In this cass the
possibility of some buffering oxf atmospheric  COZ by carbonate-silicate =quilisria as have  been
groposed  previously [1-J.5] now is considered as unreal,
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Fig. 1|, Phase ralaticns in the systesm Mg-Si-C-0-5 as a function of temperature, oxycen (A) and carbaon
aongride (BY gartia] opressures for the conditions of Yenus™ surface. The mixina ratics for (D2 {0.965) and 502
{150 pom) werz wused from [Ll}. ! - (solid =quilibrium iines) for clinoenctatite enthaloy of formation at tne
temperature 298.13( 1-1545.2 kJ/mol} taken from [12]: 2 - (dotted lines) for the clinoenstatite enthalpv of
foraation at 299.15K (-1547.8 kJ/mol) taken frem (121, The Venus atmospheric  conoitions (LD alxing
ratio: (17-20 oom) are shown on the right of [ot B. P-T-h atmesoheric profile is from [15]. Fo - forcterite

MoZS104: En - clinoenstatite M05i03: Mag - magnesite: Ms - magnesium sulfste MgSO4.
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