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CHEMICAL WEATHERING OF EVOLVED IGNEOUS ROCKS ON VENUS. 
K. B. Klose and M. Yu. Zolotov, Harvard-Smithsonian Center for Astrophysics, Cambridge, Massachussetts, and 
Vernadsky Institute, Russian Academy of Sciences, Moscow. 

There is indirect evidence for the presence of evolved rock on Venus -- high-viscosity lava flows seen in 
Magellan images [1,2,3]; gamma-ray data from the Venera 8 lander [4]; the planet's hypsomeay 151; and 
theoretical petrological studies [6,7]. If any evolved rocks exist and are exposed at the surface, they will suffer 
chemical weathering. On Earth, evolved rocks weather mainly by hydrolysis of feldspars and the removal of K, 
Na, and Ca by liquid water. Venus has no liquid water, but gas-solid reactions may permit some oxidation, 
hydration and sulfatization [8,9,10]. We use thermodynamic equilibrium methods to calculate the mineral 
assemblages of weathered, evolved Venus rocks, and compare these results with Magellan images. 

Thermodvnamic calcu1ations, We calculated weathering products of andesite, dacite, rhyolite and syenite in 
equilibrium with the present Venus atmosphere. We used chemical compositions of the bulk source rocks [I  11 
rather than individual mineral grains, so in effect we modeled weathering of glasses of our rocks. We used Gibbs- 
free-energy minimization in a 12-component system (H-C-0-S-Si-Al-Fe-Ti-Mg-Ca-Na-K) open to CO,, SO,, H,O 
and O2 (CO for the highlands). Temperature ranged from 740-675 K, corresponding to altitudes from 0.4 to 8.8 
krn above a datum of 605 1.0 km [12]. The atmosphere contained 96.5% C02 ,  150 ppm SO2, 20 ppm CO, and 
20-100 ppm of water vapor. For the 740 K runs, we varied log(P(02)) within a range plausible for Venus, -21.6 to 
-20.0 [13]. We ran two sets of calculations, one without solid solutions, the second with solid-solution mixing 
parameters for the plagioclases [14], alkaline feldspars [151, and orthopyroxenes [16]. We used both ideal and 
excess-entropy solid solution models. 

Results, Table 1 shows the results of our calculations. Columns labeled 1 show weathering products of 
evolved rocks if solid solutions are ignored. Quartz, microcline, albite, and nepheline are present in large amounts 
in the calculated product, i.e. they are stable if present in the source rock. Microcline and albite (pure-K and pure- 
Na feldspar end members) are not subject to sulfatization, but anorthite (Ca-feldspar) converts to anhydrite, 
andalusite and quartz. 

The picture changes when solid solutions are included (Table 1, cols. 2). Alkalic feldspars and plagioclases 
soak up most of the available SO2 to form thenardite (Na2S04) and arcanite (K2S04), leaving Ca-feldspar 
(anorthite) unweathered. Note the large vol % of anorthite in column 2 for each source rock. 

The redox state of the Venus atmosphere determines the fate of iron. At 740 K, i.e. at low elevations, iron 
minerals should weather to form pyrite if log(P(02))c-21.3; magnetite if -21.3clog(P(02))<-20.24; and hematite if 
log(P(02))>-20.24. In both the normal and solid-solution cases, our calculated assemblages change only slightly 
with altitude, as S draws Fe from pyroxene into pyrite, increasing the Mg content of the pyroxene. Varying water 
vapor content or the alkalic-feldspar solid-solution model does not affect our results. 

Jliscussion, The solid solutions we have included point to somewhat less resistance to weathering than had 
previously been calculated for evolved rocks on Venus. These results are preliminary, since we may not have 
used the optimal solid solution models for the plagioclases and pyroxenes. 

Our calculations show that from mafic to acidic, Venus rocks grow more resistant to chemical weathering. 
The major minerals of mafic rocks (01, px, plag) break down, but the quartz, microcline, and nearly pure albite of 
evolved rocks may resist. Feldspars containing solid solutions may suffer sulfatization, but kinetics and the total 
amount of S in the atmosphere may limit this process. Evolved rocks may thus form resistant units in old terrain, 
perhaps the tessera. 

Mechanical weathering probably breaks evolved Venus rocks into sandy material made of coarse grains of 
unweathered quartz and microcline, and dusty material made up of the products of chemical weathering. Since 
the Fe and Ti contents of evolved rocks are low, the fraction of minerals with high radar reflectivity in their 
weathering products should also be low. Therefore where composition governs the radar echo (rare; usually 
roughness and local slope dominate) [17], drifts of evolved-rock weathering products should be radar-dark. 

Mawellan evidence for weathering of evolved rock, Magellan has provided morphological hints of evolved 
rock on Venus. Steep-sidcd volcanic domes, possibly made of high-viscosity evolved lava, show evidence of 
erosion [6,1,2,3]. One such dome with dramatic mass-wasting lies at lat. 33.75 N, long. 3 11.75 E in C1-MIDR 
30N315. The volcano's north side has collapsed, exposing a 30-km-long cross-section of the dome. This outcrop 
may have weathered to an assemblage as calculated above, and we suggest it as a target for future Venus landers. 
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Wind streaks in Ov& Regio may be the weathering products of evolved rocks. The streaks are seen 
throughout C1-MIDR 00N065, at full resolution in F-MIDR 00N070. Ln this area, basalt has flooded the valleys 
between the ridges of a tessera, and hundreds of wind streaks have formed on the valley floors. The streaks point 
east (azimuths 045-110), suggesting that the wind that created the streaks blew from the west and was channeled 
by the valleys. The streaks are 3-40 km long, 500 m to12 km wide, and occupy an area of -5000 h2. They have 
radar signatures of --7 dB, -4dB darker than their substrate of unifom medium-bright flood lava. 

It is difficult to discriminate on SAR images between wind streaks that are sediment deposits and streaks 
that are zones abraded -- but not covered by -- wind-borneparxicles[l8,19]. Thus Ovda's wind streaks may be 
drifts of material weahred frum the nearby tessera ridges 1191 -- and if the mserae of Venus are feldspathic 
[20,21,5] -- then the streaks could be weathering products of feldspar. Alternatively, the fines that produced the 
streaks may have been produced by volcanoes or impact cratering 122,171. Two impact craters and a major 
volcanic vent lie -1,000 km west (upwind) of the Ovda wind streaks. In any case, if the tessera is anything other 
than pure basalt, at least some fraction of the fines creating the streaks should be the weathering products of 
evolved rocks. 

Lava flows crisscrossed by pressure ridges characteristic of high viscosity ("festoon flows") have been found 
on Venus and have been suggested to be made of evolvedrock [23]. One of these flows, in the highlands of Ovda 
Regio Oat -6, long 96, Cl-MIDR 0550981 has very low ernissivity, <.3, suggesting the presence of some radar- 
reflective mineral [23,13]. Our calculations indicate that evolved rocks should not produce enough Fe/Ti sulfides 
or oxides upon weathering to account for the low ernissivity of rhe Ovda festoon flow. Therefore, that flow may 
be basalt rather than evolved. 
Conclusions, New thermodynamic equilibrium calculations suggest that evolved igneous rocks on Venus may be 
somewhat less stable to chemical weathering than previously thought. Magellan images reveal sites that may 
contain weathering products of evolved rocks. 

Table 1: Equilibrium mineral assemblages (vol. %) of the weathering products of evolved rocks at Venus surface 
conditions (740 K, 95.2 bar, logP(02))= -20.24 to -21.31). 1-without solid solutions; 2-with solid solutions. 
Mineral Formula Andesite k i t e  Rhyolite Syenite 

1 2 1 2 1 2 1 2 
Quartz SiOz 19.0 27.2 23.5 35.9 31.1 48.2 - 27.1 
Andalusite A$SiO, 13.0 - 9.9 - 4.2 - 4.3 -- 
En-87-92 Mgs-$e,-,Si03 7.0 6.0 3 5  3.1 0.9 0.8 3.7 0.3 

Albite NaASi308 31.8 - 34.9 - 31.2 - 30.4 -- 
Micmcline KAISi308 10.0 - 16.6 - 28.6 - 435 - 
An-98 Ca mNa,A, ,~~,O,  - 40.3 -- 38.9 - 32.9 - 42.7 
Nepheline Na(AlSi0S - -- -- - -- - 6.8 - 
Anhydrite CaS04 14.9 12.9 8.7 7 5  2.7 2.3 8.4 7.1 
'Thenardire Na2S04 - 7.1 - 7.8 - 7.1 - 9.3 

Arcanite $SO4 - 2.6 -- 4.3 - 7 5  - 11.1 

Rutile Ti02 0.5 0.4 0.4 0.3 0.18 0.15 0.4 0.4 

Magnetite Fe-,O, 3.8 3.3 2.3 2.0 1.2 1 .O 2.4 2.0 
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