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Introduction: A number of different mineral 

weathering reactions have been proposed to take place 
on Venus due to its surface temperature, pressure, and 
atmospheric composition, all of which are unique 
among rocky planets in our Solar System (e.g., [1] and 
references within). Importantly, many of these reac-
tions involve volatile-bearing minerals that are known 
to be common among rocks formed on Earth, such as 
carbonates, amphiboles, and micas. Weathering reac-
tions involving volatile-bearing minerals are particu-
larly important to understand because of the role vola-
tiles play in planetary evolution and magmatism, with 
water having the strongest influence. While no meas-
urements of Venusian mineralogy exist, a number of 
studies have used what is known about the environ-
ment of the Venusian surface to model possible miner-
al-atmosphere reactions on this planet.  

The stability of a number of micas and amphiboles 
was investigated by [2-3] using thermodynamic mod-
eling. They found a number of Fe2+-, Ca-, and/or OH-
bearing micas and amphiboles are not stable on the 
surface of Venus and are subject to dehydration, oxi-
dation of iron, or sulfatization reactions driven by gas-
eous species in the atmosphere (e.g., CO2, SO2). Ex-
perimental studies have also investigated some of these 
silicate minerals, as well as other minerals that host 
volatile species such as carbonates and sulfides. The 
amphibole tremolite was found by [4] to break down 
in a CO2 atmosphere at high temperature, with a slow-
er reaction rate with higher F contents in the mineral. 
Calcite was found to react to form secondary sulfides 
when exposed to Venus surface conditions in a nine 
gas atmospheric mixture including SO2, OCS, and H2S 
[5]. However, pyrite was found to be stable by [6] at 
Venus surface temperature and pressure in an atmos-
phere with CO2, N2, and SO2. These experimental 
studies have not used uniform methods, and this varie-
ty of approaches has demonstrated both the need for 
better constraints on the properties of the Venus sur-
face environment and the need to examine mineral 
reactions over a range of conditions until such data for 
Venus exist. 

In an effort to better understand volatile cycling on 
Venus, we conducted experiments to determine the 
stability and weathering products of minerals found in 
naturally occurring rocks from Earth under Venusian 
surface conditions. The rocks chosen, basalt and gran-
ite, provide a range of mineral types, and include iron 

bearing minerals such as Fe-oxides, as well as volatile 
bearing minerals such as mica. Weathering of these 
minerals will serve to confirm previous experimental 
observations of mineral reactions with a Venus-like 
atmosphere, and provide new insight into minerals not 
yet examined in experiments. The information from 
these experiments will be used to guide sample selec-
tion for future detailed experimental studies. 

Methods: Samples used in this study were a natu-
rally occurring granite from an unknown locality and a 
basalt from La Jara Creek, CO. 

Two experiments were conducted using the Glenn 
Extreme Environments Rig (GEER) located at NASA 
Glenn Research Center (GRC). The samples were 
placed in the GEER chamber, an 800 L pressure vessel 
constructed of 304 stainless steel, and exposed to Ve-
nus conditions. The experiments replicated a Venus 
surface-like condition of 460 ºC and 1356 psi (~93.5 
bars) for 30 days, and 460 ºC and 1344 psi (92.7 bars) 
for 11 days. The 11 day experiment involved planned 
24 hour long excursions both below and beyond the 
460 ºC temperature target (and deviations in pressure 
correlating with the change in temperature), as well as 
an increase of HF concentration during the last day of 
the experiment. Both had initial gas mixtures of 96.5% 
CO2, 3.5% N2, 180 ppm SO2, 30 ppm H2O, 12 ppm 
CO, 51 ppm OCS, 2 ppm H2S, 0.5 ppm HCl, and 2.5 
ppb HF. During the experiments, CO2, N2, and SO2 
concentrations were monitored using an Inficon 3000 
Micro Gas Chromatograph. While CO2 and N2 re-
mained relatively constant over time, SO2 was found to 
decrease with time during both experiments. SO2 con-
centration in both experiments did not drop below 100 
ppm before additional SO2 was added to the system to 
bring the concentration back to the starting value. The 
11 day duration experiment involved two granite sam-
ples and two basalt samples, while the 30 day duration 
experiment had one large granite sample and three 
basalt samples. Additional geologic and anthropogenic 
samples were present in the chamber during each of 
these experiments. 

Once the experiments concluded, samples were 
stored in a desiccator box. Samples were then carbon 
coated and examined using a Hitachi S-4700 SEM 
with an Oxford Instruments X-MaxN 20 Silicon Drift 
Detector EDS system run with Aztec software housed 
at GRC to look for physical or qualitative chemical 
changes. 
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Figure 1: Secondary electron images of reaction products on 
basalt (A: 11 day exposure, B: 30 day) and granite (C: 11 
day, D: 30 day) samples from GEER experiments. Phases 
present include Fe-sulfide (sul), Fe-Ti oxide (ox), Na-
feldspar (spar), and pyroxene (pyx). 

Results: In both experiments, samples appeared 
blackened upon removal from the GEER chamber. 

Sample trays were also darkened and in some cases the 
areas of the tray under the samples were clean, sug-
gesting the darkening is due to a surface coating. 

Basalt. The basalt samples from the 11 and 30 day 
experiments show an iron sulfide phase growing out of 
what appears to be an iron-titanium oxide (Fig. 1A, B). 
These secondary sulfides are composed of fine 
grained, anhedral crystals forming fluffy piles on the 
sample surface. The boundary of these secondary min-
eral growth areas appears to follow the boundary of 
the original oxide grains. These reactions are seen in 
multiple discrete Fe-Ti oxide grains across the samples 
while other minerals appear unaltered. 

Granite. The granite from the 11 and 30 day exper-
iments show patchy secondary mineral growth on mica 
grains (Fig. 1C), with other phases appearing unal-
tered. This phase appears to be an iron sulfide as well, 
and has similar morphology to the sulfides seen in the 
basalt samples. However, the secondary sulfide on the 
mica occurs in patches and does not completely cover 
the surface of mica grains in any observed occurrence. 
The sulfide patches on the mica do not appear as thick 
as the sulfides on the iron oxides of the basalt. After 30 
days, the sulfides still do not form deep or continuous 
layers over the mica, but some larger patches are pre-
sent (Fig. 1D). 

Discussion: The current results suggest some min-
eral-atmosphere reactions on Venus likely occur rapid-
ly, since both the basalt and granite showed secondary 
mineral growth after only 11 days at surface condi-
tions. The results also demonstrate the importance of 
sulfidization reactions for iron bearing mineral stabil-
ity, as indicated by previous experimental studies and 
modeling [1-3, 5-6]. A more detailed study of the Fe-
bearing mica is needed to determine if the observed 
reaction caused loss of volatile species such as OH to 
the atmosphere.  

It is important to remember that a difficulty with 
Venus mineral stability experiments is the limited data 
available from the Venusian surface, similar to the 
difficulties in modeling discussed in [1]. The atmos-
pheric composition chosen for an experiment will dic-
tate parameters such as oxygen and sulfur fugacities, 
and thus until better constraints are placed on the real 
surface conditions on Venus, experiments over a wide 
range of conditions (P, T, composition) would provide 
useful information. 
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