
DID AN ANCIENT HABITABLE VENUS PROVIDE THE SEEDS FOR LIFE TODAY?  M. J. Way1, 1NASA 
Goddard Institute for Space Studies, 2880 Broadway, New York, New York (Michael.Way@nasa.gov), 2Theoretical 
Astrophysics, Department of Physics and Astronomy, Uppsala University, Uppsala, SE-75120, Sweden, 3GSFC 
Sellers Exoplanet Environments Collaboration (Michael.Way@nasa.gov). 

 
 
Introduction:  Recent possible detections of 

Phosphine in the Venusian atmosphere [1,2] have 
spurred interest in the potential for life in the clouds of 
Venus given the limited number of abiotic alternatives 
determined thus far [3]. A number of theories have 
been posited as to how life could have arisen in the 
cloud decks of Venus (e.g. [4] and references therein) 
and how it might thrive in a supposedly hostile 
environment [5]. Over the past few years we have used 
forward modeling to investigate the possibilities of a 
temperate Venusian climate in its deep past. This 
affords us the opportunity to discuss the possibility for 
an early habitable Venus and its implications for 
habitability in the cloud layers today. 

Habitable?: Perhaps the most plausible hypothesis 
for the origins of life that may exist in today’s 
Venusian atmosphere goes back to a possible earlier 
habitable period [6]. On Earth we see that life has 
managed to populate a wide variety of ecological 
niches through the eons [25]. One limitation to the 
early habitability as seed for today’s possible cloud 
habitability approach is that there is tremendous 
uncertainty as to whether Venus ever had a habitable 
epoch given a host of associated unknowns that place 
constraints on its likelihood: 

1. What was the longevity of its post-accretion 
primordial magma ocean [7]? This may 
determine whether Venus started out bone dry 
at the end of the magma ocean period, or not. 

2. What is the probability that water ever 
condensed on the surface of Venus? 

3. Are the D/H in-situ measurements from 
Pioneer Venus accurate and do they indeed 
point to significant inventories of water (of 
some form) in Venus’ distant past [8]?  

4. General Circulation Models (ROCKE-3D 
[18,21] & NCAR-CAM [22]) have posited that 
slowly rotating worlds in the Venus Zone [32] 
could be in a climatic dynamical regime 
distinct from that of modern Earth allowing 
them to be in the habitable zone. The cloud-
albedo feedback mechanism discovered is 
powerful enough to shield a planet with 
insolations 2-3 times that of modern Earth 
[22,23]. Are these models correct? 

5. For number 4 to be true Venus must be in a 
slowly rotating climate regime, but we have no 
constraints on what early Venus’ rotation rate 

was. Someday in the distant future we might 
constrain it via a geological orrery as on Earth 
[24], but not anytime in the near term.  

6. We are perhaps not as lost in the woods as one 
might think reading 4 & 5. We only need to 
find evidence that water flowed in liquid form 
on the surface of Venus at some point in its 
past. This assumes that water did not flow 
under extreme conditions related to 
inconvenient sections (for life) of water’s 
pressure-temperature phase diagram. For 
example, a 100 bar atmosphere could support 
liquid water with a temperature of 200C [26]. 

7. Another limitation on early habitability models 
are constraints on the longevity of any such 
temperate period. This longevity can be 
provided via some form of volatile cycling 
providing a stable climate of sufficient length 
to give enough time for the rise of life [9]. This 
volatile cycling is usually assumed to be some 
form of present-day Earth’s subductive plate 
tectonics involving the carbonate silicate cycle 
[10,11]. Certainly, it is hard to disagree that 
Earth itself has had some form of volatile 
cycling throughout most of its history, even if 
its early form is still debated and the timing of 
the start of present day plate tectonics is ill 
defined [e.g. 12,13,14,15]. Yet very recent 
work has shown it is possible to get short-term 
(<900Myr) volatile cycling in a stagnant lid 
early Venus [16], supporting in some sense 
earlier work positing stagnant lid carbon 
cycling [17].  

8. Recent work by [18] has demonstrated that if 
early Venus was in a slowly rotating regime 
(length of day > 16 Earth days) and was able to 
condense water on its surface the powerful 
cloud-albedo feedback may allow for 
temperate conditions of unconstrained length. 
The lack of constraints on the longevity of 
temperate conditions are a consequence of the 
fact that increasing solar luminosity through 
time [19,20] does not appear to have a drastic 
effect on the cloud-albedo feedback in General 
Circulation Models [21] in a slowly rotating 
climate dynamics regime [22,23]. This was 
convincingly shown in [18] and is reproduced 
in Figure 1. 
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These issues bring up more uncomfortable questions. 
If Venus only had 900Myr of volatile cycling via [16] 
with stable temperate surface conditions can life find a 
refuge for the next 3 billion years in a hot house world 
[29,30,31]? Or if the planet was temperate until before 
the resurfacing event can it evolve to find a refuge for 
a shorter (geological) period of time? And what IS that 
period of time? We have widely varying estimates of 
the age of the surface from ~750Myr [27] to ~200Myr 
[28]. Does it matter whether life has to find a ‘refuge’ 
for 250Myr versus 3 billion? We can hope that the 
three recently funded missions by NASA & ESA 
(DAVINCI, ENVISION, VERITAS) will put greater 
constraints on the age of the youngest and oldest 
surface stratigraphic units. Even more relevant to the 
forward modeling presented in [18] are the mass 
spectrometer measurements to come from DAVINCI. 
Will they confirm the Pioneer Venus D/H ratio? Will 
they be able to constrain when Venus lost its water and 
the timescale of that loss? As usual with Venus, we 
have more questions than answers.  

 

 
Conclusions:  We demonstrate that Venus’ 

habitable period remains unconstrained because of a 
lack of knowledge about when Venus lost its water and 
the timescale of that loss. Regardless, assuming it had 
a temperate period of at least 900Myr [16] via stagnant 
lid volatile cycling then it may be possible that any life 
forms we observe today evolved via natural selection 
over the eons. 
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