
AN ASTROBIOLOGY ASPECT FOR EXPLORING VENUS CLOUDS.  S.S. Limaye1, R. Mogul2, K.L. Jessup3, 

T. Gregg4, R. Pertzborn1, A. Ocampo5, Y.J.  Lee6, M.A. Bullock7, D. Grinspoon8 
1U. Wisconsin, 2Cal. State Poly. University, Pomona, CA, 3SwRI, Boulder, CO, 4U. Buffalo, Buffalo, NY, 5NASA 

HQ, Washington, DC, 6 U. Tokyo, Kashiwa, Japan, 7STC, Hampton, VA, 8PSI, Tucson, AZ  

 

Introduction:  Venus’ clouds are responsible for 

nearly half of the energy absorbed from the sun by the 

planet at wavelengths < 600 nm [1], yet the many 

identities of the absorbers responsible across the solar 

spectrum are still unknown. While more than a dozen 

possible absorbers have been proposed, no individual 

candidate satisfactorily explains the contrasts and 

temporal evolution of the cloud features. 

Recently, the potential for bioorganic contributions 

to Venus’ contrasts has been discussed [2]. The 

possibility of life was explored earlier by Morowitz and 

Sagan [3] and investigated further by Cockell [4] and 

discussed by Grinspoon [5], Grinspoon and Bullock [6] 

and others [7-9] Life could have evolved on Venus 

independently when it had liquid water on its surface 

with the same life sustaining biochemistry present in 

Earth’s early  atmosphere [10, 11]. 

 In the lower cloud layer (47.5-50.5 km), the 

estimated pH of the aerosols is ~0, the atmospheric 

pressure is ~ 1 atm, and temperature is ~60 ˚C, which 

together are compatible with many forms of terrestrial 

microbial life.  The aerosols in the lower clouds also 

account for ~70% of the total columnar mass, with 

particles of 2-8 µm in diameter (mode 2’ and 3) 

comprising ~94% of the mass within the lower clouds.  

For these particles, the physiochemical comparisons 

show similarities between the (i) size regime for the 

Venus aerosols and the aerosols from Earth containing 

cultivable bacteria, (ii) estimates of theoretical Venus 

biomass and cell densities with measured values from 

Earth, and (iii) estimates of Venus mass extinction 

coefficients with those obtained from ground-based 

spectroscopic studies.  

Together, these similarities suggest that Venus’ 

aerosols contain sufficient mass to harbor 

microorganisms, water, and bulk solutes, and sufficient 

mass optical extinction coefficients to be amenable to 

spectral studies for habitability or life.  Further, when 

considering Venus’ atmospheric constituents and 

terrestrial microbial analogs (for life in low pH, high 

temperature, and sulfur-rich environments), a plausible 

geochemical cycle, inclusive of the phototrophic 

reduction of CO2 and a coupled Fe/S metabolism can 

be constructed.   

Venus once had an ocean of liquid water [12]. 

Volcanism has been a dominant geologic process on 

Venus, and recent observations by Venus Express 

suggest that Venus may still be volcanically active [13]. 

As Venus lost its surface water over time, it is possible 

that thermophilic and sulfur-metabolizing bacteria may 

have been transported into the atmosphere, ultimately 

finding a habitable niche in the clouds.  Hence, Venus’ 

cloud contrasts may currently include contributions 

from sulfur compounds, other chemicals, and 

microorganisms.  The spectral similarity between 

Venus’ cloud contrasts and terrestrial biomolecules  

support this premise [2].  Further, the persistent nature 

of the contrasts suggest the presence of solar cycles, and 

contributions from gravity waves and convection, and 

possibly explain at least some of the observed long-term 

variations of Venus’ UV albedo [14]  which may be due 

to the effects of EUV radiation on the microorganisms 

at the cloud tops. 

Previous studies on Venus’ clouds could not 

distinguish between abiotic and biological aerosols.  We 

need laboratory measurements of the physical, 

chemical, spectral, and biological properties of 

terrestrial candidate microorganisms capable of thriving 

in Venus’ clouds. The biological explanation of 

absorption and cloud contrasts can be tested by 

examining the nature and identity of the absorbers from 

aerial platform missions with Raman and UV-Visible 

spectrometers, imaging microscopes, and other life 

detection instruments [15, 16]. Cloud layer acidity level 

(pH) measurements will be crucial because 

microorganisms can modify the environmental pH. 
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