
Perspectives

Characterizing basalt-atmosphere interactions on Venus: A review of thermodynamic and 
experimental results

Justin Filiberto1,* and Molly C. McCanta2,†

1Astromaterials Research and Exploration Science (ARES) Division, NASA Johnson Space Center, Houston, Texas 77058, U.S.A.
2Department of Earth and Planetary Sciences, University of Tennessee at Knoxville, Knoxville, Tennessee 37996, U.S.A.

Abstract
The surface of Venus is in contact with a hot (~470 °C), high pressure (92 bars), and caustic (CO2 

with S, but little H2O) atmosphere, which should cause progressive alteration of the crust in the form 
of sulfate and iron-oxide coatings; however, the exact rate of alteration and mineral species are not 
well constrained. Different experimental approaches, each with its own limitations, are currently 
being used to constrain mineralogy and alteration rates. One note is that no experimental approach 
has been able to fully replicate the necessary conditions and sustain them for a significant length of 
time. Furthermore, geochemical modeling studies can also constrain surface alteration mineralogy, 
again with different assumptions and limitations. Here, we review recent geochemical modeling and 
experimental studies to constrain the state of the art for alteration mineralogy, rate of alteration, open 
questions about the surface mineralogy of Venus, and what can be constrained before the fleet of mis-
sions arrives later this decade.

Combining the new results confirms that basalt on the surface of Venus should react quickly and 
form coatings of sulfates and iron-oxides; however, the mineralogy and rate of alteration are dependent 
on physical properties of the protolith (including bulk composition, mineralogy, and crystallinity), as 
well as atmospheric composition, and surface temperature. Importantly, the geochemical modeling 
results show that the mineralogy is largely controlled by atmospheric oxygen fugacity, which is not 
well constrained for the near-surface environment on Venus. Therefore, alteration experiments run 
over a range of oxygen and sulfur fugacities are needed across a wide range of Venus analog materials 
with varying mineralogy and crystallinity.
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Introduction
The surface of Venus is in contact with a hot (~470 °C), 

high pressure (92 bars), and caustic (CO2 with S, but little H2O) 
atmosphere, which should cause progressive alteration of the 
crust (e.g., Zolotov 2018; Volkov et al. 1986; Johnson and Fegley 
2002). Alteration should form mainly thin rock coatings since 
water is not stable on the surface to make clay minerals (e.g., 
Zolotov et al. 1997, 1998; Johnson and Fegley 2000; McCanta 
and Dyar 2020; Zolotov 2018). Such coatings are consistent with 
coatings of red hematite on the surface of rocks and regolith at 
the Venera 9 and 10 landing sites (e.g., Pieters et al. 1986). It has 
been previously proposed that these alteration surface coatings 
could be used to age date different lava flows since the amount 
and thickness of the alteration rind should correlate with the age 
of the rock exposed to the atmosphere (e.g., Fegley et al. 1995; 
Fegley and Prinn 1989; Filiberto et al. 2020). However, there 
are still significant uncertainties with what alteration minerals 
form from different rock and mineral protoliths, the rates at 
which alteration minerals form and how they may fluctuate 
over alteration time periods, and if the alteration minerals can 

form a thick enough rind to affect orbital measurements (both 
spectroscopic and radar) (e.g., Dyar et al. 2021).

Due to the caustic nature of the Venus atmosphere and high 
surface temperatures, we do not have the same compositional 
and mineralogical data for the surface of Venus that we have 
for Mars, the Moon, or Mercury. Landed missions have mea-
sured the bulk major element composition of three rocks and 
radioactive element abundances for five rocks (e.g., Surkov 
et al. 1984; Kargel et al. 1993; Treiman 2007; Filiberto 2014), 
with the longest mission lasting for only 127 min (Venera 13). 
Conversely, on Mars there have been rovers active for over a 
decade that have measured the bulk chemistry and mineralogy 
of numerous rocks in various sites across the planet (e.g., Bell 
2012). Overall, the few measurements show that Venus rocks 
are consistent with terrestrial tholeiitic and alkalic basalts, but 
the measurements have large error bars with some important 
elements (MgO) at detection limits for a 2-sigma uncertainty, 
and other important elements (Na2O) were not measured 
(e.g., Surkov et al. 1984; Kargel et al. 1993; Treiman 2007; 
Filiberto 2014).

Furthermore, orbital measurements cannot be used to 
image the surface or for reflectance spectroscopy to constrain 
mineralogy, bulk chemistry, or geomorphology as has been 
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