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      Introduction: The existence of pyrite (FeS2) on 

the surface of Venus has been theorized since the 

1980s when sulfur was revealed to be an important 

component of the Venusian atmosphere [1, 2]. Utiliz-

ing data obtained from the Venera and Pioneer mis-

sions, combined with Earth-based observations, scien-

tists have attempted to determine a geochemical sulfur 

cycle to explain the replenishment of atmospheric sul-

fur [3-5]. Past chemical equilibrium calculations illus-

trate that pyrite, pyrrhotite (Fe7S8), or anhydrite 

(CaSO4) is the most likely sulfur bearing mineral found 

on the surface [4-5]. However, based on the tempera-

ture range on Venus, CaSO4is not expected to greatly 

affect the concentration of sulfur in the atmosphere and 

pyrrhotite is thought to be unstable [5]. Pyrite is sensi-

tive to temperature and may form and decompose at 

different locations on Venus, thereby releasing and 

absorbing gaseous sulfur from the atmosphere [3]. For 

instance, pyrite is expected to form at low temperatures 

and oxidize to magnetite (Fe3O4) at high temperatures. 

This process can be observed in the pyrite-magnetite 

buffer [3]:  

3FeS2 + 16CO2(g) = Fe3O4 + 6SO2(g) + 16CO(g) (1) 

Pyrite may also explain the high radar reflectivity re-

gions found on the Venusian highlands due to pyrite’s 

high electrical conductivity [4, 6-9].  

      However, thermodynamic modeling and experi-

mentation demonstrates that pyrite would decompose 

into iron oxides, such as magnetite or hematite, and 

sulfur vapor at all Venusian conditions [10]. This is 

due to the predicted low sulfur vapor on the surface 

and because the atmosphere is expected to be quite 

oxidative. It was measured that pyrite in a CO2-CO-

SO2 environment would decompose as rapidly as 

1225±238 days/cm on Maxwell Montes [10]. 

      This work intends to investigate the stability of 

pyrite under Venusian conditions, specifically to de-

termine the effect of  SO2 on pyrite. 

Methods: Two sets of experiments were completed 

in order to assess the stability of pyrite on Venus: the 

Lindberg tube oven experiments and the Venus simula-

tion chamber experiments. The Lindberg tube oven 

experiments were conducted at the University of Ar-

kansas in Fayetteville. In these experiments 1 gram of 

powdered pyrite was heated to either 380°C or 460°C 

under either a 100% CO2 atmosphere or a simulated 

Venus atmosphere, which consists of 95.6% CO2, 

3.5% N2, and 150 ppm of SO2. The temperature values 

used in the experiments represent the conditions found 

on the highlands (11 km) and lowlands (0 km) of Ve-

nus, respectively.        

Powdered pyrite was also studied in the Venus 

simulation chamber at the National Aeronautics and 

Space Administration Goddard Space Flight Center to 

observe the effects of pressure on pyrite. Similarly to 

the oven experiments, 1 gram of pyrite was measured 

and inserted into the chamber at either Venusian sur-

face or Venusian highland temperatures and pressures 

(460°C & 95bar, and 380°C & 55bar, respectively). 

The experiments were conducted in either a 100% CO2 

atmosphere or the Venus simulated atmosphere. Each 

experiment ran for 18 hours then the samples were 

removed and weighed. The samples were analyzed 

using X-Ray Diffraction (XRD) to determine any 

changes in the composition or phase of the sample. 

Results: In the Lindberg oven and CO2 atmosphere 

experiments, there was partial oxidation of pyrite into 

hematite (Fe2O3) at 380°C, with complete oxidation at 

460°C. However, in the Venusian atmospheric compo-

sition, pyrite was completely stable at 380°C and de-

composed into pyrrhotite and sulfur at 460°C.  

In the Venus chamber experiments in a CO2 envi-

ronment, pyrite was mostly stable (90%) at 380°C, 

however some magnetite was created (10%). In the 

460°C environment the pyrite was less stable (65%) 

and pyrrhotite (35%) formed. In the Venusian atmos-

phere at 380°C, 85% of the sample was still pyrite, but 

solid sulfur was present as well. At 460°C, the entire 

sample identified as pyrite indicating stability. A 

summary of results are found in Table 1a&b. 

Table 1a&b: An overall summary of the experiments and 

the results are given here. Table 1a displays the conditions 

and  results of the oven experiments and Table 1b displays 

the conditions and results of the chamber experiments. 

a) 
 460°C, 1 bar 380°C, 1 bar 

𝐂𝐎𝟐 (100%) Fe2O3 100% FeS2 
Fe2O3 

88% 
12% 

𝐂𝐎𝟐 (95.55%),  
𝐍𝟐 (3.5%),  
𝐒𝐎𝟐 (150ppm) 

Fe0.875S2 
S 

70% 
30% 

 

FeS2 
 
 

100% 

b) 

 460°C, 95 bar 380°C, 55 bar 

𝐂𝐎𝟐 (100%) FeS2 
Fe0.875S2 

65% 
35% 

FeS2 
Fe3O4 

90% 
10% 

𝐂𝐎𝟐 (95.55%),  
𝐍𝟐 (3.5%),  
𝐒𝐎𝟐 (150ppm) 

FeS2 
 

100% FeS2 
S 

85% 
15% 
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a) 

 
b) 

 
Figure 1: a) XRD results of chamber experiments of pyrite 

in a CO2 atmosphere. Untreated pyrite is graphed at the bot-

tom, followed by pyrite heated to 380°C (55bar), followed by 

pyrite heated to 460°C (95bar) b) XRD results of chamber 

experiments of pyrite in the Venus simulated atmosphere. 

Untreated pyrite is graphed at the bottom, followed by pyrite 

heated to 380°C (55bar) followed by pyrite heated to 460°C 

(95bar). (+) shows peaks of pyrrhotite, (^) shows peaks of 

magnetite, and (*) shows peaks of sulfur. 

      Discussion: Similar to the findings in previous 

thermodynamic models, pyrite was unstable and readi-

ly oxidized in a pure CO2 environment at all pressures, 

with the exception of the 460°C/95 bar experiment [5, 

10].  However, when the samples were placed in a 

mixed atmospheric environment, pyrite was found to 

be more stable than expected with no oxidation. The 

only experiments that demonstrated instability was the 

460°C/1 bar and the 380°C/55 bar experiments. 

The stability of pyrite in a Venus simulated atmos-

phere was unexpected. It appears that the SO2 in the 

atmosphere prevents the oxidation of pyrite. Addition-

ally, the identification of elemental sulfur in the 380°C 

and 55 bar experiment was unanticipated. Possible 

causes are that the sulfur was dissociated from the py-

rite, or from the SO2 in the atmosphere. If the former 

hypothesis is the case, then an iron byproduct would be 

detected. However, the absence of iron as an observa-

ble byproduct strongly supports the latter conclusion. 

Conclusion: Our results show that pyrite is stable 

under Venusian temperature, pressure, and atmospher-

ic conditions, but only partially stable in a 100% CO2 

atmosphere. Previous experiments did not account for 

pressure which may in part explain the disparity be-

tween our results. The exact source of the solid sulfur 

has not been determined, but it may originate from the 

dissociation of SO2 gas.  

Future Work: The Center for Space and Planetary 

Sciences at the University of Arkansas will be obtain-

ing a Venus simulation chamber that can be connected 

to a gas chromatograph and will feature a sapphire 

window. With these new accessories, we hope to 

measure the atmospheric composition during the ex-

periments. An understanding of the change in atmos-

pheric composition will uncover more about the chem-

ical reactions that possiblytake place on Venus.  
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