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Introduction. The NASA Glenn Extreme Envi-

ronment Rig (GEER) is a pressure vessel that can 
simulate Venus conditions of pressure, temperature 
and atmospheric composition. We placed nine natural 
mineral samples in GEER at: T = 733 K, P = 93 bars, 
96.5% CO2, 3.5% N2, 180 ppm SO2, 51 ppm OCS, 30 
ppm H2O, 12 ppm CO, 2 ppm H2S, 0.5 ppm HCl and 
2.5 ppb HF. The run lasted 30 days. Minerals were 
selected to address two sets of questions:   

Venus Apatites. Several of the mountaintops of 
Venus display anomalous radar emissivity has been 
explained as a consequence of the presence of ferroe-
lectric minerals created or precipitated in rocks over 
time by chemical reaction(s) with the ambient atmos-
phere [1,2]. We seek to test the hypothesis of [2] that 
exposed grains of fluorapatite (Ca5(PO4)3F), the more 
common apatite mineral in igneous rocks on Earth [2-
4], will convert to chlorapatite (Ca5(PO4)3Cl), which 
is ferroelectric, under Venus surface conditions.   

Venus Surface Mineralogy In-Situ Instrument Sys-
tem (V-Lab). V-Lab is a proposed in situ reaction 
chemistry experiment where known geological mate-
rials whose properties may change over time upon 
exposure to the Venus atmosphere will be placed on a 
microsensor platform. Changes in this geological ma-
terial are monitored through electrical measurements 
constraining redox solid-gas reaction(s) in the Venus 
environment. We sought to determine if detectable 
compositional changes occurred in GEER over the 
30-day run. The reactants include: hematite (ɑ-Fe2O3), 
magnetite (Fe3O4), anhydrite (CaSO4), pyrite (FeS2), a 
mid-ocean ridge tholeiitic basalt (Juan de Fuca) and 
calcite (CaCO3). 

Results. Mineral surfaces were analyzed visually 
and using the Hitachi FEG-SEM at Wesleyan Univ. 

Decomposition of calcite – Significant portions 
(~70% by area) of the calcite sample converted to 
anhydrite. This is consistent with the predicted reac-
tion [e.g., 5,6]: CaCO3 +1.5 SO2 = CaSO4 + CO2 + 
0.25 S2 The speed and magnitude of this reaction sup-
ports the theoretical prediction that calcite will be 
unstable at the surface of Venus [5,7] and is con-
sistent with prior exposure of calcite to Venus condi-
tions [8,9]. 

Changes in Basalt – Reddening of the MORB 
sample suggests hematite may have formed during 
this experiment presumably by the oxidation of Fe in 
minerals and/or glass. The near surface atmosphere of 

Venus is thought to be at the magnetite/hematite buff-
er potentially controlled by this reaction favoring oxi-
dation of ferrous phases in basalts [e.g., 7]: 2 Fe3O4 + 
CO2 = 3Fe2O3 + CO That the magnetite sample is not 
visibly oxidized in this experiment suggests that the 
oxidation progresses more quickly in the more reac-
tive volcanic glass that comprises the bulk of the 
MORB sample. Both the plagioclase and glass matrix 
in the MORB sample acquired S during the run, 
which has been predicted in the literature [e.g., 6,10] 
and observed under Venus conditions [11]. Plagio-
clase may decompose by this reaction: CaAl2Si2O8 + 
SO2 → CaSO4 + Al2SiO5 + SiO2 [7]. The correspond-
ence of Ca with S in the sample after exposure sug-
gests that anhydrite has formed on the sample.   

Changes in Apatite – Apatite acquired S during 
the experiment demonstrating the reactivity of apatite 
to Venus conditions in this time frame. None of the 
apatites acquired measurable Cl during this run, sug-
gesting this reaction, if it occurs, is slow.   

Conclusions. Compositional changes including 
sulfurization of calcite, apatite, plagioclase and basalt 
glass (with oxidation) occurred over a 30-day expo-
sure under Venus conditions in GEER. Based on the 
speed of these reactions, the primary mechanism for 
sulfurization is likely the migration of cations to the 
surface, their reaction with SO2 and redeposition as a 
surface coating of sulfate [7,8,11]. We confirm exper-
imentally that calcite is very unstable under Venus 
surface conditions. The fast reactions seen here open 
the possibility of measuring the kinetics of Venus-
relevant reactions in the lab and measuring surface-
atmosphere interactions directly on Venus using long-
lived platforms. 
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