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Introduction:  Experimental studies on the 

redox behaviors of Venus surface materials are im-

portant for preparing instrumentation and landing gear 

for upcoming NASA Venus missions DAVINCI and 

VERITAS, and ESA’s EnVision mission. The exact 

surface composition and mineralogy is unknown, but 

measurements from prior missions Venera 13 and Ve-

ga 1 & 2 are consistent with alkali basalt and basalt, 

respectively, and orbital remote sensing is consistent 

with basaltic lava flows [1-2]. Venus’s inferred volcan-

ically active state [3-5] also motivates the desire to 

understand the degassing behavior of a cooling Venus 

basalt, which could lend insight into the formation of 

the Venus atmosphere and surface mineralogy. There-

fore, in order to further our knowledge of Venus’ sur-

face mineralogy, this study focuses on two surface 

characterization aspects: 1) The oxidation and altera-

tion behavior of a Venera 13 basalt with prolonged 

surface exposure, on the order of 2-3 days, and 2) The 

degassing of a cooling Venera 13 basalt representative 

of Venus’ crust. We explore the effect of fO2 and parti-

cle surface area on reaction rate by performing oxida-

tion experiments using samples with a range of starting 

fO2 and two different particle sizes exposed to a Venus 

atmosphere (e.g., a CO2(g)-N2(g)-SO2(g)) at pressure-

temperature conditions of the Venusian surface [6-7]. 

Methods: Venera 13 Sample Synthesis.  Two 

Venera 13 samples have been synthesized for the alter-

ation/oxidation and the degassing experiments (Figures 

1A and 1B) based on the same Venera 13 analysis.  

For the alteration/oxidation experiments, a 40 gram 

volatile-free sample was mixed from powdered reagent 

grade oxides. This will be split into six batches and the 

fO2 of each batch will be equilibrated at FMQ +2, 

FMQ, or IW using a 1-bar CO-CO2 gas-mixing furnace 

and quenched to a homogenous glass.  

For the degassing experiments, a 3g mix of 

the same composition has been made but includes sul-

fur and chlorine [8-9]. This sample will not be glassed 

at 1-bar to avoid loss of volatiles prior to the degassing 

experiments. 

 

 
Figure 1A (left) and 1B (right). 1A) Image of synthetic 

Venera 13 sample for oxidation experiments. 1B) Im-

age of synthetic Venera 13 sample for basalt degassing 

experiments.  

 

VICI Chamber Oxidation Experiments.  Alteration 

experiments will be performed on the six redox-

equilibrated Venera 13 basalt analog samples in NASA 

Goddard’s Lil’VICI (Venus In-Situ Chamber) at Ve-

nus surface conditions, 96 bars and 470 °C in a Venus 

two-gas mixture atmosphere (155ppm SO2 and the rest 

CO2) as shown in Figure 2. Lil’VICI is a small 300mL 

pressure vessel composed on Inconel capable of repro-

ducing a range of Venus-like temperatures and pres-

sures. This vessel is primarily used for short-term ex-

periments that require Venus-like high temperatures 

and pressures and/or gases. 

Prior to the alteration experiments, the glassy sam-

ples will be powdered or crushed into small 

chips/fragments of glass to understand the effects of 

different surface areas on the alteration process. The 

VICI will be run for 2 days, and then quenched by 

shutting off the power, which will take approximately 

45 minutes to reach room temperature while still ex-

posed to the Venus two-gas mixture. Quench effects 

will be considered when evaluating samples post-

experiment and interpreting results. Samples are then 

removed and also analyzed via scanning electron mi-

croscopy (SEM) to observe alteration products and 

associated elements and by X-ray diffraction (XRD) to 

determine phases present and  mineral abundances.  

 



 
Figure 2. Image of the small Venus In-Situ Chamber 

(Lil’VICI) at NASA Goddard [10]. 

 

Basalt Degassing Experiments.  Basalt degassing 

experiments will use a synthetic Venera 13 basalt with 

added S and Cl in evacuated sealed silica-glass tubes to 

identify the components partitioning out of a degassing 

basalt under Venus conditions. Models simulating de-

gassing of a Venus crust have been performed [11-15]; 

however, this is one the first sets of experiments test-

ing these conditions. First, we ensure the water content 

in the sample is minimal because of the lack of H2O in 

the current Venus atmosphere [16] by dehydrating the 

sample in an open-ended silica glass tube under con-

tinuously pumping vacuum at a lower temperature 

(~800 °C). After about 20 minutes of dehydration, the 

tube is sealed with the sample inside. The sample is 

then heated to 1200 °C in a 1-bar tube furnace and held 

at temperature for 2-3 days in order to allow the sam-

ple to fully degas. The sample is quenched by remov-

ing the tube from the furnace and dipping into room-

temperature water. Confocal Raman spectroscopy is 

used to analyze the inner walls of the sealed tube and 

measure the sample before exposure to the atmosphere. 

The solid residual material on the side of the tube are 

then removed and analyzed using SEM/EDS and WDS 

to further identify reacted phases. 

Results:  Currently the two Venera analog samples 

have been synthesized (Figure 1). The first set of sam-

ples are in the process of being melted and equilibrated 

to desired fO2 states. A preliminary experiment adding 

sulfur and chlorine to the degassing experiment sample 

is underway. Phase purity of all samples is being con-

firmed using XRD and EPMA before the initial exper-

iments.  

Discussion:  The next step is to take the S and Cl 

bearing sample for the degassing experiments and sin-

ter it in the piston cylinder. Then, we will be ready to 

perform the dehydration step just prior to performing 

the degassing experiment. We will also continue to 

prepare for the Lil’VICI chamber experiments by melt-

ing and equilibrating the samples at designated fO2 

conditions and grinding half of each sample mass into 

a powder. 
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