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Venus Revealed (1997)
Venus has thermodynamic properties of a habitable world.

Speculations:
• Proposed habitable conditions for acidophile life in the Venusian clouds, chemotrophic or 

phototrophic.
• Feeding off of geochemical cycles fueled by surface volcanism?
• Unknown absorber may be a photosynthetic pigment.
• Cloud-based microbes could reproduce through spores which act as CCNs for new 

droplets.
• Organisms may affect albedo and radiative properties of clouds, and thus affect dynamics 

through radiative-dynamic feedback, possibly even affecting superoation.
• Mode 3 particles may be hosting bacterial colonies.

My editor insisted that I remove these ideas from the book because they were “too 
speculative” and would hurt the credibility of the book.



A Sulphur-Based Survival Strategy for Putative Phototrophic 

Life in the Venusian Atmosphere

D. Schulze-Makuch, D.H. Grinspoon, O. Abbas, L.N. Irwin & M. Bullock (2004) .  

Astrobiology, 4, 11-18.

Abstract

Several observations indicate that the cloud deck of the Venusian atmosphere may

provide a plausible refuge for microbial life (Sagan, 1961; Grinspoon, 1997; Schulze-

Makuch and Irwin, 2002; Schulze-Makuch and Irwin, 2004). Having originated in a

hot proto-ocean or been brought in by meteorites from Earth (or Mars), early life on

Venus could have adapted to a dry, acidic atmospheric niche as the warming planet lost

its oceans. The greatest obstacle for the survival of any organism in this niche may be

high doses of ultraviolet (UV) radiation. Here we make the argument that such an

organism may utilize sulphur allotropes present in the Venusian atmosphere,

particularly S8, as a UV sunscreen, as an energy converting pigment, or as a means for

converting UV light to lower frequencies that can be used for photosynthesis. Thus, life

could exist today in the clouds of Venus.



Properties of Venus Clouds Hospitable to Life

• Global clouds are much larger, more continuous, and stable than

clouds on Earth.  Particle lifetimes of  months (Grinspoon et al, 1993).

“Particles do not fall” (Imamura, 2006)

• Large “mode 3” particles at lower cloud level (~ 50 km altitude)

-- 1 bar atm pressure

-- ~350 K

-- make up most of the mass of the cloud deck 

-- may contain an unknown, non-absorbing core material which

comprises up to 50%  by volume of the particles (Cimino, 1982; 

Grinspoon et al. 1993).

• Superrotation of atmosphere shortens duration of the night 

• Chemical disequilibrium => coexistence of  H2 and O2

H2S   and SO2



Unknown Ultraviolet Absorbers

• Absorb more than half the solar energy striking 
Venus

• Distributed in upper cloud layer 

• Possible compounds of S or Cl, but no known 
candidate matches spectra & stability 
requirements.

• High temporal and spatial variability 

• Has been proposed as a biological pigment 
(Grinspoon, 1997; Limaye et al., 2018)



• During an extended period of water loss, Venus probably enjoyed an oxygenated 
atmosphere.

• When young, the terrestrial planets were constantly exchanging material, thus 
forming a polybiosphere (a biopolysphere?) 

• Favorable environmental conditions for origin or transplantation of life.

• As surface conditions became hostile, could life have adapted to an atmospheric  
niche under directional selection?

The Possibility of Extant Life



(Sleep, 2000)

A-B: Magma Ocean

C-D: Plate tectonics

E-F: Stagnant lid

(Sleep, 2000)

Geological and atmospheric evolution are coupled. 

Tectonic style may depend on water content.



History of Venus:  A Unified Scenario

• ≈ 2.5 -3 Gy (??) Loss of surface water, subduction of hydrated sediments ceases.

• Mantle becomes desiccated.

• Lack of water makes lithosphere thicker & more difficult to break.

• Loss of asthenosphere -> lithosphere is tightly coupled to mantle.

• Crustal recycling is inhibited.

• ≈ 1 Gy Plate tectonics ceases, Venus becomes a “1 plate planet”

• ≈ 700 My, global resurfacing rate declines precipitiously.

• 700 My to present: localized volcanism and tectonism, conductive heat release, production 
population of craters.

• Tessera are remnants of more vigorous past tectonics. (continents?)
• Plains record “global resurfacing”, or at least an epoch of much higher resurfacing rates 

that ended “suddenly” enough to allow very few craters modified by plains volcanism.
• Venus may have been a habitable planet (with an oxygenated atmosphere?) for much 

of Solar System history.

(Cospar, 2008)



H+, O+ escape fluxes

Validation/refinement of evolutionary climate models:

Dynamics, 

Radiative balance

Cloud structure inc. radiative-dynamic feedbacks

Constraints on rate & history of volcanism

Uncertainties:





Neira et al. 2018Way et al. 2016

For over two billion years our solar system may have contained 
two neighboring terrestrial planets with habitable surface oceans. 



The low pH limit of
Terrestrial life is not known.

Many organisms have now 
been discovered that grow 
at very low pH

For example, the archaeon 
ferroplasma acidarmanus
thrives at pH 0.



Neira et al. 2018

“We posit that low pH does not 
represent an insurmountable challenge 
for life. On the contrary, life on Earth is 
abundant in many low pH environments 
even in the presence of high 
temperatures, low temperatures, high 
salt concentrations, low water activity, 
anaerobicity, etc. Furthermore, 
organisms that thrive at low pH are 
distributed all over the Tree of Life 
suggesting that the evolution of the 
ability to live at low pH (acidophilia) is 
not only plausible but rampant.”



Rare Planetary Properties of Astrobiological Interest
• Venus is our only other example of

• an Earth-sized terrestrial planet.

• a “currently active” terrestrial planet.

Most of surface is “young”

Endogenous geological activity and surface chemistry are, 
to some degree, controlling the atmosphere & climate

If we think beyond the specifics of a particular chemical system 
required to build complexity and heredity, we can ask what 
general properties an inhabited planet must possess. Judging 
from our sample of one inhabited planet, the answers might 
include an atmosphere with signs of flagrant chemical 
disequilibrium, solar driven chemical and dynamical cycles and 
active, internally driven cycling of volatile elements between 
the surface, atmosphere and interior. 

At present, the two planets we know of which possess 
these characteristics are Earth and Venus.

Disequilibrium atmospheric states have emerged as the                   
primary biosignature for exoplanets.  Crucial to understand 
sources of disequilibrium in Venus atmosphere!



Cloud Microbe Model

Rate of growth:

𝑑𝑛 𝑡

𝑑𝑡
=
𝑛 𝑡

𝜏𝐵

𝜏𝐵 = microbial lifetime



Cloud Microbe Model

Add fallout at bottom of 
cloud:

𝑑𝑛 𝑡

𝑑𝑡
=
𝑛 𝑡

𝜏𝐵
−
𝑛 𝑡

𝜏𝑆

𝜏𝑆 = aerosol lifetime in cloud



Cloud Microbe Model

Add loss due to resource limits

𝑑𝑛 𝑡

𝑑𝑡
=

1

𝜏𝐵
−
1

𝜏𝑆
𝑛 𝑡 −

𝑛2 𝑡

𝑛 ∗ 𝜏𝐵

n* =  Maximum number of 
microbes per droplet



Cloud Microbe Model

Steady state solution

𝑛𝑆𝑆 = 𝑛𝐵
∗ 1 −

𝜏𝐵
𝜏𝑆

𝑛∗ = Maximum number of 
microbes per droplet



Venus Cloud Aerosol Lifetimes Compatible 
with Life?



“All is a woven web of guesses” – Xenophanes

All ideas about extraterrestrial biochemistry are extrapolations 
from a single example. This is necessary, for now, but requires 
humility. All conclusions as to what is “universal” must be 
regarded as provisional. 

Resist groupthink:  some potential locales for life become more 
acceptable through repetition.

Its plausible that life exists within the ocean of an ice covered 
world that has never seen sunlight.
Its plausible that life exists underground within a planet that is 
largely, geologically dead.

And its plausible that life exists within the clouds of a planet 
with vibrant chemical flows, energy sources, stable aqueous 
environment etc.

Among the plausible niches for extraterrestrial life in our Solar 
System, the clouds of Venus are among the most accessible and 
least well explored. 


