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New York Times 11/16/1928
SAYS LIFE MAY BE ON VENUS

Cambridge Savant Believes Mars

Also Has Essentlals for Existence.

Special C:xblé {o Tup New Yorx TiMES,

LONDON, ‘Nov. 15.—That lifc may
exist on both Venus and Mars is the
conclusion reached by Dr. A. S. Ed-
dington, professor of astronomy at
Cambridge. In a book to be. pub-
lished tomorrow he says that Venus,
so far as is known, would bewell
adapted for life similar to ours. The
planet is about the same sizo as the
carth, nearcr the sun but probably
not warmer, and possesses an atmos-
pherc of satisfactory density.

As regards Mars, Professor Ed-
'dington says that the two essentials,
air and water, are both present but
scanty. The Martian atmosphere is
thinner than ours, but perhaps ade-

quate. It has been proved to con-

tain oxygen. . =

If animal life exists on that mys-
terious . planet, he says, it probably
is a different form of life from ours,
as ‘“Mars has every appearance. of
being a planet long past its prime.”

@ SIGNET SCIENCE FICTION*T4926 75¢

ISARC ASIMOV

WRITING AS PAUL FRENCH

lucky starr
ond the oceans of
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New York Times 2/26/1963

Venus Says ‘No’

The first message from the Venus probe,
Mariner 2, deciphered shortly after its
historic fly-by of the planet on Dec. 14,
at a distance of 21,564 miles, added im-
portant knowledge about Venus's mag-
netic field, its rate of rotation and other
informgtion shedding light on some of
its mysteries. But one all-important ques-
tion remained unanswered—whether or

not life in some form existed on Venus
and hence elsewhere in our solar system
and possibly also beyond it.

Now comes a second message from
Venus, via Mariner 2, with.the first defin-
ite eagerly-awaited answer to this vital
question, and the answer is a dishearten-
ing, disillusioning “No! Not on Venus!”

The newest message from Venus, sent
down by the ‘“cosmic thermometer” on
Mariner 2, which made the first direct
measurements of the surface temperature
of the planet, informs earthlings that the
temperature at or near the surface of
our cloud-covered, planetary neighbor is
hetween 300 and 400 degrees Fahrenheit.
This high temperature, established for
the first time, definitely rules out the

possibility of the existence of life in any

form even remotely resembling life as
we know it on earth.

The finding ot extra-terrestrial life
in some form similar to that on earth, even
at the lowliest stage, would lend support
to the widespread belief—rooted deeply
in the aspirations of mankind—that life
as we know it is not unique to this in-
significant corner of the universe, but
exists in many other systems simjlar to
ours throughout the universe. Indeed,
there has been speculation among scien-
tists, philosophers and poets that some
of these systems have reached a stage
of evolution much superior to ours. The
message from Venus now reduces the
hope of finding evidence in support of
this speculation to one half, so far as
our solar system is concerned.

Mars now remains our only hope of
turning this universal dream into reality,
and the evidence so far is not very en-
couraging. The message'from Venus may
mark the beginning of the end of man-
kind’s grand romantic dreams.
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VVenus 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 | 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 Sq, 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 H, and O,
H,S and SO,
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The Possibility of Extant Life

* During an extended period of water loss oxygenated
atmosphere.

 When young, th_e ]

forming a polyk




Geological and atmospheric evolution are coupled.

Tectonic style may depend on water content.

Plate Tectonic Processes

Spreading Center

ntinental

== Oceanic

>

Convection

PAST RADIOGENIC
HEAT FLOW

PRESENT HEAT FLOW

]
/V‘ FUTURE HEAT FLOW

MANTLE POTENTIAL TEMPERATURE

A-B: Magma Ocean

LTIHOSPHERE HEAT FLOW

C-D: Plate tectonics
E-F: Stagnant lid




(Cospar, 2008)

= 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.
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TESTS

noble gas
isotopes

H loss and D/H fractionation

Uncertainties:

D/H lower atm Near-IR imagery

hydrated minerals abundances Orbital interferometry

O,C,N isotopes 40Ar Ground penetrating
radar

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
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Geophysical Research Letters ~k

RESEARCH LETTER
10.1002/2016GL069790

Key Points:

» Venus may have had a climate with
liquid water on its surface for
approximately two billion years

- The rotation rate and topography of
Venus play crucial roles in its surface
temperature and moisture

» Young Venus-like exoplanets may be
considered candidates for the search
for life beyond Earth
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Was Venus the first habitable world of our
solar system?

M. J. Waym, Anthony D. Del Genio', Nancy Y. Kiang1, Linda E. Sohl'3, David H. Grinspoon“,
Igor Aleinov1’3, Maxwell Kelley1, and Thomas Clune’

'NASA Goddard Institute for Space Studies, New York, New York, USA, ?Department of Astronomy and Space Physics,
Uppsala University, Uppsala, Sweden, *Center for Climate Systems Research, Columbia University, New York, New York,
USA, “Planetary Science Institute, Tucson, Arizona, USA, *Global Modeling and Assimilation Office, NASA Goddard Space
Flight Center, Greenbelt, Maryland, USA

Abstract Present-day Venus is an inhospitable place with surface temperatures approaching 750 Kand an
atmosphere 90 times as thick as Earth’s. Billions of years ago the picture may have been very different. We
have created a suite of 3-D climate simulations using topographic data from the Magellan mission, solar
spectral irradiance estimates for 2.9 and 0.715 Gya, present-day Venus orbital parameters, an ocean volume
consistent with current theory, and an atmospheric composition estimated for early Venus. Using these
parameters we find that such a world could have had moderate temperatures if Venus had a prograde
rotation period slower than ~16 Earth days, despite an incident solar flux 46-70% higher than Earth receives.
At its current rotation period, Venus's climate could have remained habitable until at least 0.715 Gya. These
results demonstrate the role rotation and topography play in understanding the climatic history of Venus-like
exoplanets discovered in the present epoch.



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

B
Earliest Beginning Terrestrial
Earth of Life Ecosystem
4.54 Ga 4.4 Ga 4.28 Ga - 3.5Ga 2.7 Ga 2.5Ga

Earliest Cyanobacteria Sulfur oxidizing
water (Photosynthesis) bacteria

Suggested Time-Frame for liquid Oceans to be present on Venus

SURFACE AIR TEMPERATURE (Celsius)

-22 -8 5 19 32 46

Way et al. 2016 Neira et al. 2018



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.




“We posit that low pH does not
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* Venus is our only other example of LUNAR AND PLANETARY PERSPECTIVES
 an Earth-sized terrestrial planet. PLANETARY HISTORY
« a “currently active” terrestrial planet.

Most of surface is “young”

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

«IMPACT |« VOLCANISM |
CRATERS | !

ORIGIN PRESENT
OF
PLANETS




Cloud Microbe Model

Rate of growth:

\ F \ & \
dn(t) n(t)
- _’/ ’ dt B Tp

Tg = microbial lifetime



Cloud Microbe Model

Add fallout at bottom of

cloud:
4 \
$ dn(t) n() n(t)
| dt 75 T

Ts = aerosol lifetime in cloud



Cloud Microbe Model

Add loss due to resource limits

dn(t) ( 1 1) n2(t)

dt g Tg

n* = Maximum number of
microbes per droplet



Cloud Microbe Model

Steady state solution

n* = Maximum number of
i microbes per droplet



Venus Cloud Aerosol Litetimes Compatible
with Life?

Steady—State Cloud Microbe Population
1.5X1O4_ T —r—rrrrrr ——rry — S—

1.0x10*}
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month yeor:

O [ PR | PR | i L : anal e i
10° 10* 10° 10° 10’ 10°
Microbe Reproduction Timecale (s)

Microbial Number Density (#/cm?)



“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 agueous
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.




