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Background: Venus is known for its sweltering 

surface temperatures, substantial pressure, and an 

atmosphere containing only approximately 30 ppm of 

H2O [1]. However, the high deuterium/hydrogen (D/H) 

ratio in Venus’ atmosphere suggests that Venus was 

once temperate enough to host abundant water [2]. It 

stands to reason that if Venus was once Earth-like, then 

it may have hosted life on its surface, similar to that of 

Earth’s past.  

An early Venus habitable phase has been postulated 

for many years, and recent 3-D General Circulation 

Model simulations have provided compelling evidence 

of a possible temperate past climate (Fig. 1) [3,4]. 

Venus’ habitability in these simulations closely 

resembles that of Earth and under these conditions 

microbes could have prospered through much of Venus’ 

history as they did on Earth’s. Finding evidence of 

microbial structures on Venus could be difficult since 

Venus has probably been in a hot-house state for the past 

180-750 million years (Myr) [5,6] with ~80% of its 

surface a victim of widespread volcanism over that time. 

If there was liquid water on the surface and some form 

of volatile cycling to keep conditions stable [e.g., 7,8] 

then temperate conditions supporting life could have 

existed for 100s of Myr to several billion years on 

Venus. 

 
Figure 1. Venus habitable scenario as described in 

[4]. If there was liquid water on the surface, then life 

could have existed for several billion years on Venus. 

Could we find evidence of this if we knew where to 

look? 

The oldest macroscopic fossils found on Earth are 

stromatolites – formed by microbes that create 

recognizable laminated sedimentary structures which 

have been preserved in the geologic record [9]. These 

trace fossils have been well-studied and are thus 

recognizable, and their chemistry, morphology, and 

biological life cycles are well cataloged. This 

knowledge of the oldest life on Earth can be used to 

identify morphological biosignatures on other planetary 

bodies – including Venus. 

The existence of stromatolites on other planets is not 

a new concept, several researchers have already 

considered the possibility that stromatolites may exist 

on Mars [9,10], so why not Venus? The potential for 

fossil preservation depends on the stability of the 

primary mineral and the degree of weathering and 

aqueous alteration the fossil has undergone during the 

hostile conditions of the past 180-750 Myr. For Venus, 

even though ~80% of the planet has been resurfaced by 

volcanism there remain substantially older regions such 

as the tesserae, regions thought to be untouched, where 

stromatolites may be preserved [11]. In the present-day 

Venus environment, fluid exposure is unlikely, but 

chemical weathering would still be a significant source 

of alteration. To this end, we have developed a set of 

experiments to test several ancient Earth stromatolites 

of varying mineral compositions and weathering 

potential under Venus temperatures, pressures, and 

atmosphere. The aim of this study is to help identify 

whether these morphological fossils could be 

recognized with instrumentation on future Venus 

missions - and be used to optimize landing sites for their 

discovery. 

Methods: Stability experiments were conducted in 

a newly-acquired Venus simulation chamber in the Hot 

Environments Laboratory at the National Aeronautics 

and Space Administration (NASA) Goddard Space 

Flight Center. This chamber is composed of Inconel, has 

a working volume of 300 mL, and is heated by a ceramic 

heater. It is capable of simulating a range of Venus 
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relevant temperatures and pressures, and a wide range 

of gas species. 

For this study two stromatolites were investigated. 

The first sample was a Neoproterozoic carbonate 

stromatolite acquired from Svalbard, Norway. These 

stromatolites were formed approximately 780 Ma years 

ago in a marine/glacial environment. The second sample 

was a Tumbiana formation stromatolite acquired from 

Hamersley Basin, Western Australia (Fig. 2). These 

stromatolites formed approximately 2.7 Ga years ago in 

a shallow marine environment. Powdered and unaltered 

(whole) samples were taken from each stromatolite. 

 
Figure 2. The Tumbiana formation stromatolite form 

Western Austrailia used in this study. The stratified 

bands are easily recognizable. 

Each of these samples were individually exposed to 

Venus simulated surface conditions (733K, 95 bar) 

under a simulated Venus atmosphere (96% CO2, 155 

ppm SO2, ~4% N2) for 100 hours. This was 

accomplished by filling the chamber with the tri-gas 

mixture at room temperature and then heating to the 

desired temperature thus reaching the desired pressure. 

To eliminate possible O2 or H2O contamination the 

chamber was first evacuated via a mechanical vacuum 

pump. 

Mass changes and visual appearance were noted 

with each experiment. Scanning Electron Microscopy 

(SEM) analysis were performed pre- and post- 

experiment to identify microscale alteration. Mineral 

identification was performed with X-Ray Diffraction 

(XRD) to note any phase changes in the samples as a 

result of exposure to simulated Venus conditions. 

Results: The initial XRD results for the 

Neoproterozoic carbonate stromatolite identified a 

mineral mixture of calcium and magnesium carbonates, 

quartz, and plagioclase. After exposure to Venus 

conditions there was no detectable mineral change in the 

sample. The pre-experiment SEM analysis showed 

visible cleavage planes on calcite crystals and minerals 

were generally tens of microns in size. Post-experiment 

SEM analyses did not reveal changes in crystal 

structure. 

The initial XRD results for the Tumbiana formation 

sample identified quartz, calcite, kaolinite, and 

plagioclase. The resulting samples post-experiment 

showed similar proportions of quartz, calcite, and 

plagioclase, but the kaolinite was no longer detected. 

Pre-experiment SEM on the Tumbiana sample showed 

regions with smaller grains ( < 5 microns) on the 

weathered portion of the stromatolite compared to the 

interior. After the experiment there were no apparent 

changes to crystal structure. On the unexposed, interior 

portion of the stromatolite, the SEM showed grains were 

larger than those on the exterior (weathered) portion of 

the sample, but similarly there was no change before and 

after the experiment. 

Discussion: If Venus did have an Earth-like climate 

in its past, and if liquid water did exist on its surface for 

billions of years, then it is possible that life in the form 

of microbes existed on the surface forming trace fossils 

similar to Earth stromatolites. The preliminary data 

obtained in this project suggest that if this occurred, 

evidence for their existence may still be preserved 

today. The results show that the minerals incorporated 

in the formation of these stromatolites do not chemically 

react with the currently observed Venus atmosphere. 

However, several studies have suggested that 

carbonates would react with SO2 in the atmosphere to 

form sulfates [12-16]. The absence of sulfates in these 

results could be a function of kinetics, and further 

studies will be completed to assess their full stability. 

The disappearance of kaolinite after an experiment was 

foreseeable, as other investigations studying hydrated 

silicates have suggested they are unstable and 

eventually over time dehydrate due to the high surface 

temperature and limited water vapor abundance [12, 

15]. One of the most notable features of stromatolites is 

its distinct layering, and these experiments showed no 

distinguishable alterations to this mm to cm scale 

feature.  

Forward-model analysis of Venus climate shows 

that Venus may have been Earth-like up into the last 

20% of Venus’ history -up to and through the formation 

of the tesserae. Additionally, based on volcanic 

degassing calculations the currently observed 

atmosphere may in fact be a “fossil atmosphere” 

inherited from a previous epoch and implies that the 

transition between the Earth-like climate and Venus’ 

current climate happened some time prior to 0.5-1 Ga 

years ago [16]. This means that the most likely location 

to find evidence of past habitability, especially in the 

form of trace fossils like stromatolites, would be in the 

tessera terrain [16]. If the apparent layering of the 

tesserae is due to sedimentary formation then it would 
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provide the ideal environment to preserve evidence of 

past aqueous conditions that would have been the 

depositional environments for fossils like stromatolites 

to form.  

Despite the obvious eureka moment of a 

sedimentary observation, additional observation 

requirements are necessary to identify fossils on Venus. 

This study shows that morphology more so than 

chemistry is important for the recognition of 

stromatolites on Venus. Stromatolites have micro- and 

macro- scale features that distinguish them from the 

surrounding rocks; they are layered sedimentary 

formations that typically form in concentrated groups. 

Some individual stromatolites grow to a meter or larger 

in size. On the mm to cm scale, what typically 

distinguishes a stromatolite are the stratified layers 

formed over time by the trapping and binding of grains 

in microbial mats (Fig. 2). In situ investigation plays an 

important role in identifying stromatolites. On Earth, 

present day stromatolites are often found exposed at the 

surface as the water level drops or evaporates, and they 

have distinct mineralogies and morphologies from the 

surrounding rocks which typically helps distinguish 

them in the field. The same could be true on Venus and 

hence could be leveraged in any future in situ analysis.  

The missions set for launch in the coming decade 

could help provide constraints for where we might 

search for fossils on Venus. VERITAS (Venus 

Emissivity, Radio Science, InSAR, Topography, and 

Spectroscopy) and EnVision will map the surface of 

Venus with both radar and the near-infrared to look at 

the topography as well as compositional changes to 

better our understanding of the formation and evolution 

of Venus’ surface [18,19]. DAVINCI’s (Deep 

Atmosphere Venus Investigation of Noble gases, 

Chemistry & Imaging) probe will carry the Venus 

Descent Imager (VenDI) to provide high-contrast 

images of Alpha Regio tessera (the descent location) to 

bridge the radar and IR images from orbit with local 

scale images [20]. The local scale images serve as 

ground truth and will enable the evaluation of 

sedimentary processes that could reveal an aqueous, and 

habitable history. Such data can be supplemented with 

the EnVision subsurface radar sounder maps, which are 

expected to reach depths up to 1000 m with a 10 m 

horizontal resolution [21]. In addition, a Venera-D type 

mission [22] to the tesserae outfitted with appropriate 

instrumentation could help distinguish stromatolites 

from distinct surface geologic units. 
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