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TEMPORAL CHANGES OF CARBONATES STABILITY ON THE VENUS 
SURFACE; MYu Zolotov, Vernadsky Institute of Geochemistry and Ana1ytm.l Chemistry, 
Russian Academy of Sciences, Moscow 1 17975, Russia 

Abstract. Temporal changes of calcite, dolomite, and magnesite stability on the atmosphere-surface intmhx of 
Venus were examined during and after global resurfacing event 0.5 Ga ago. That study based on a model for 
atmospheric evolution along ultfi t i tanhdmagnet i tepyr i te  buffer, which controls redox potential and content of 
S-beanng gases. It was shown that past atmospheric condition could be more favorable for stability of carbonates in 
relation to atmospheric SO2 and CO;!. 

Introduction. Stability of carbonates on the Venus surface is much under dkmson  since 1952 [I]. 
Nevertheless, we are still far from the final solution of that problem. That work is based on an assumpon that calcite 
(CaC%) and dolomite (CaMg(C03h) do not exist on the present surf= [e.g. 2-41 in contrast to opposite point of 
view, which does not exclude existence of stable [e.g. 5-71 as well as metastable [8,9] Ca-cdmnates. Ca-carbonates 
are thennoctynamically unstable in the relation to measured SO2 content (130-185 ppm) [24,8,9]. That conclusion is 
supported by the experimental kinetic data for carbonate + SO2 reactions [see rev. 3,9]. Magnesite (MgC03) and 
rhodochrosite @hC03) appears to be stable in dation to SO2 [lo], but their formation (as well as dolomite) at the 
median planetary radius by silicate carbonation seems to be impossible [9, lo]. Conclusion on rhodochrosite formation 
due to carbonation of Mn-silicates [lo] is not valid (see [9]). Taking into account suggtsted thennodynamic 
umtab&y of c . n a t e s  on the present surface I examined their stability during last 0.5 Ga on the basis of a model for 
atmospheric evolution along with titanhematitemagnetitepyrite (Hem-Mt-Py) b&er [I 11. 

Mod& Stability of carbonates on the Venus surface are goveaned mostly by possibilities of silicate carbonation 
and chemical weathering of carbonates due to interaction with SO2 (gas): 

CaSi03 + C02 => CaC03 + Si02 (1) CaC03 + SO2 + 0.502 => W04 + Co2 (2) 
Mg2Si04 + CO;! => MgC03 + MgSi03 (3) MgC03 + S o 2  + 0.502 => &SO4 + C02 (4) 
2Mg2Si04 + CaMgSi206 + 2C02 =7 CaMg(C03h + 4MgSi03 (5) 
CaMg(C03)2 + SO2 + 0.502 => CaS04 + MgC03 + C02 (6) 

Recogtllang real absence of free oxygen in the preaent near-surface atmosphere, the 0 2  in these reactions could be 
r e p W  by one of the following expressions: C02 - CO; 0.5S02 - 0.25S2, H20 - H2. Those pain of gases should 
participate in real weathering reactions, for example: 

&Co3 + SO2 + CO => CaS04 + C02 (7) CaC03+ 1 .5s02 => CaS04 + Co2 + 0.25s2(8) 
CaC03 + SO;! + H20 => C&04 + C02 + H2 (9) CaC03 + SO2 => GS04 + CO (10) 

Some kinetic experiments show that at oxygen-& atmosphere calcite weathered by the reaction (8) [12]. 
Nevertheless assuming chemical equrlibrium between gases at least in the C S O  qxbm for the near-surfhce 
atmosphere [e.g. 13,141 I fonnal used free oxygen (reactions 2,4,6) in order to optimize the calculations. Taking into 
account that stability of carbonates on the surface is determined by C02 and SO2 partial presmes, f(Oi), and 
temperature I used temporal changes of those parameters fiom the model of atmospheric evolution [l 11. Stability of 
Fe-, Mn- in relation to SO2 were not examined assuming low probability of their formation by silicate 
carbonation reactions. AU calculations are made for the 6051.4 km planetary radius. 

Readt~. Stability of carbonates were estimated as a function of temperature, SO2, and C02 partial pressures in 
comparison with modeled evolution curves (Fig 1-3). Temporal changes of carbonate-sulfate boundaries were 
evaluated in relation to C02 degassing rate [see 111 (Fig. 4). According to presented model, calcite and dolomite 
could be stable in relation to SO2 only before some d W  time (about 500 Ma ago) during the global resurfacing 
event. Magnesite a p p e m  to be stable in relation to SO2 during the modeled time interval. Besides, magnesite and 
dolomite formation due to silicate carbonation by the reactions (3) and (5) appeats to be more favorable at the median 
planetary radius only during and possibly before the resurfacing event (see Fig. 4). That conclusion is not in great 
contradiction with estimations of temporal changes of MgC03 stabiltty obtained on the basis of terrestrial-like CO;! 
degassing rates [15]. Note, that due to uncertainties in the thermodynamic data for the reactions (3) and (5) [9,10], 
stability of dolomite and magnesite in relation to C02 (see Fig. 2,4) could be considered as quite similar. 

Discussion. Past atmospheric condition on Venus seems to be more favorable for silicate carbonation due to 
expected low surface t e r n m e .  Besides, if the atmospheric condition during and after r d a c i n g  event was 
indeed governed by the Hem-Mt-Py buffer, decreasing of P(S0i) and qOi) values to the past should result in 
increasing of carbonates stability in relation to SO2. Possibility of carbonate formation dunng the global resurfacing 
event could result in some consumption of degassed COZ, which should prevent strong increasing of atmospheric 
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temperature. On the other hand, carbonates which formed before and during resurfacing event could decompose after 
the event by the reactions (1,3,5). Some carbonates could be buried by lava and even preserved up to the present, as 
we suggested in [3]. I also do not absolutely exclude some control of atmospheric C02 by those buried carbonates, as 
s u g g d  in [16]. I reaIize that reliainltty of the evolution model [I 11 for time of the global rewufacing is d a l l y  
lower than for the present quiet epoch. For more correct investigations we should take into account the following 
factors: greenhouse effect of others than C02 gases and volcanic dust, kinetic constants of gasmineral type reactions 
in comparison wrth volcanism/degassing rates; degassing of S, H-bearing substances; reliabhty of "working" for the 
Hem-Mt-Fy W'. A problem of preservation of new-formed carbonates in relation to periodic volcanic SO2 
emanations also should de considered. 
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Fig. 1-3. Stabhty fields of &nates and related minerals in 
comparison with the model curves of temporal changes of 
atmospheric parameters on Venus. 
Fig. 4. Stat>llrty fields of carbonates and related minerals as a 

40 fiinction of C02 outgassing factor [see 111 and time dwbg the 
30 global volcanic resurfacing event on Venus. 
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