FINDING EARTH
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Matthieu Galvez argues that carbon is key to
defining our planet. Not only does this element
link the solid, fluid and biological components
of Earth, it is also centre-stage in the ethical
dilemmas faced by humankind

hen the physicist Erwin
Schrodinger wrote his
masterpiece “what is
life?”(Schrodinger, 1944), he
made it his mission to solve
a long-standing paradox of humankind.
We all have an intuition about what life is,
and yet it is utterly difficult to define.
We face a similar issue with Earth today.

What is Earth?

Ask any scientist “what is Earth?” and you
may be in for a surprise. I asked astronomer
Xavier Dumusque who said with a smile
“Earth is a sinusoidal signal in velocity with
a period of a year, and an amplitude of 10
cm/s”. Amar Vutha, an atomic physicist
calls it “an astronomical body whose
surface, amazingly, seems to contain almost
every atom from the periodic table”. For
evolutionary plant biologist Patrick Shih,
Earth has been a “home for the evolution of
life for more than 3 billion years”. Ethicist
Vanessa Rampton flips the perspective and
says it is a place where “human freedom
leads us to wonder at the laws of physics
and biology while asking why?”

The geoscientist’s approach is to
characterize the planet in search of
distinctive traits. They ask for example: why
are mineral resources so rare and unevenly
distributed in continents? What controls
the shape of mountains and of the seafloor,
and the periodic oscillations of climate
over decades to millions of years? Could
the structure and rhythms of our planet be
unique in the Solar System? To build the
grand genealogy of our world, geoscientists
seek traces of the past and the origins of
everything we see: continents, the magnetic
field, ice-caps, soils, and the minerals of
the deep mantle and core. Geoscientists
give them a name, a date, and they sort the
dates into chronological order. The result is
anything but a clear-cut definition; on
the contrary, we find Earth increasingly
difficult to define.

A changing planet

One reason Earth is tricky to define is
because it is a dynamic planet, subject to
all kinds of transformations at all scales
(Anderson, Science 1984). This means that
almost everything around us—glaciers,
atmospheric oxygen, soils and even the
continents—has a beginning and an end.
The ice-cap of Antarctica, for example,
grew only recently, about 40-30 million
years ago. This event dried out shallow
seas in nearby continents, including parts
of South America where Amazonia has
become the hotspot of biodiversity that
we know today. Even soils composed

of organic matter and minerals did not
exist before algae and plants with roots
conquered the terrestrial environment
500-300 million years ago (Fischer,
Science 2018).

There are all kinds of changes on Earth.
Some are subject to reversal, some are
permanent. Although reversible changes in
fluxes of geological materials that control
climate, for example, are those we are most
familiar with, Earth does irreversibly cool
and oxidize, slowly, and over long periods
of time. Mars is now dead and red for
this reason.

But not all changes on Earth are slow.
Sometimes geological change can be
surprisingly abrupt and disruptive. The
cataclysmic eruption of Campi Flegrei,
Italy, and the cascade of environmental
perturbations it caused is thought to have
knocked out Neanderthal tribes from
Eastern Europe and from large swaths of
Asia, about 40,000 years ago.

A living planet

Another reason Earth is difficult to

define is that, in some ways, it is alive
(Knoll, Geobiology 2003; Vignieri &
Fahrenkamp-Uppenbrink, Science 2017;
Lenton & Latour, Science 2018). Consider
the abundance of liquid water (Campbell
& Taylor, Geophys. Res. Lett. 1983), the »
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P longevity of plate tectonics, or the
abundance and diversity of organic
materials in contact with our atmosphere
bathed in reactive O, (Krissansen-
Totton et al., Astrobiology 2016). These
are some of Earth’s most distinctive
traits, and yet they appear to be direct
or indirect products of life (Falkowski
et al., Science 2008). Ozone and O,
started to accumulate in the atmosphere
about 2.4 to 2.3 billion years ago (Luo
etal,, Sci. Adv. 2016), shortly after the
evolution of oxygenic bacteria (Fischer
et al., Ann. Rev. Earth Planet. Sci. 2016)
that produce dioxygen as a waste. As a
result water got locked on our planet,
instead of slowly escaping to space
(Catling et al., Science 2001) as it did on
Venus (Chassefiere, Icarus 1997; Driscoll
& Bercovici, Icarus 2013). And because
water is essential to sustaining active
tectonics (Campbell & Taylor, Geophys.
Res. Lett. 1983), our Planet’s peculiar
dynamics, too, may be remotely linked
to the longevity of photosynthetic life.
In the Anthropocene we, as a society,
have become a geological force (Locher
& Fressoz, Critical Inquiry 2012). The
impacts of industrial activities and
financial fluxes today include rapid

atmospheric warming, and ocean
acidification and deoxygenation (Gruber,
Phil. Trans. Royal Soc. 2011)—the visible
record of an anthropogenic acceleration
in the geological flux of carbon (CO,).
The interaction between Earth and life
goes both ways. Weathered continents
provide the essential nutrients for
organisms to grow; and geological
change acts as a selective agent that
shapes the structure (Kashtan et al.,
ISME 2017), elemental composition
(Quigg et al,, Nature 2003; Coleman,
PNAS 2010) and evolution of ecosystems
to the finest molecular levels (Wagner
et al, Nat. Rev. Genetics, 2007; Bjedov et
al,, Science 2003). A long-term decline in
atmospheric CO, may have promoted
the evolution of new, highly efficient
carbon fixation pathway (Osborne & Sack,
Phil. Trans. Royal Soc. 2012; Stromberg,
Ann. Rev. Earth Planet. Sci. 2011); these
pathways drive grassland ecosystems in
the steppes of Eurasia today. Over millions
of years, environmental changes may even
have shaped the way molecules interact
within living cells (Wagner et al., Nat. Rev.
Genetics, 2007), as well as the macroscopic
structure of the Atlantic and Pacific ocean’s
ecosystems (Kashtan et al,, ISME 2017).
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A fragile planet

The carbon cycle is the most important
link between the fluid Earth, the solid
Earth, and biological life (Falkowski et
al., Science 2000; Hayes & Waldbauer,
Phil. Trans. Royal Soc. 2006). The
illustrious French chemist Lavoisier had
envisioned this reality in 1793 (Lavoisier,
Sur le Charbon 1793): “we can conceive
of the immense quantity of carbon
sequestered in the womb of the Earth.
[...] We will not follow here the change in
form that carbon takes by passing from
minerals, to plants and to animals. We
would throw ourselves into chemical
discussions that are beyond the scope of
this article.”

Unlike Lavoisier (Galvez &
Gaillardet, Comptes Rendus Geosci.
2012), today we know that the
Earth ecosystem is fragile, subjected
to all kinds of sudden and slow
transformations. Earth has not evolved
in order to support carbon-based life.
At a fundamental level, all processes on
Earth—abiotic and biological—merely
dissipate, transform and redistribute
energy, just as any planet does, and
life is only one of those energetic
pathways, though a peculiar one. That



we are still here to ponder over the grand genealogy
and our carbon-based existence itself is something one
could call a miracle. We hang on in fragile form in a
surprisingly transient world.

Ethics in the Anthropocene?
In 2012, Earth has become more than a planet; it is
a symbol, too: the spacecraft Voyager 1 reached
interstellar space with a fragmentary record
of our world in the form of a golden
disk.
Three years later, the United
Nations adopted 17 Sustainable
Development Goals—
including targets relating
to poverty, education and
the environment. These
goals illustrate the gap
between the world that we
genuinely hope for and
the reality that we have
consciously built.
Can we learn from Earth
as much as we have learned
about it to build a more
sustainable future on our planet?
Just like bacteria, we have amassed
technological power, thoroughly
harvested energy and released waste, such
as CO,, in the environment (Rickaby, Chem 2017).
Therefore, the novelty of our actions in the world is not
in our technology, even in the era artificial intelligence
or genome engineering; it can only be in our relation
with them.
The novelty of our time, in my view, is in our capacity
to see value not only in rare resources, as any living

organism does, but almost everywhere: in the works
of art and intellect, in the lives of strangers at the other
side of the globe, and in the health of present and future
ecosystems. As a result, our capacity to knit all kinds
of physical, intellectual and emotional relations with
our world is beyond measure. In other words, we as a
species are able to choose. And this changes everything.
For the first time in geological history, we can elect
to restrain from using a power that we have
and act for no other reason than it is
the right thing to do. There should
be nothing else so compelling to
action than this.
Therefore, if two centuries
after the Industrial
Revolution hundreds of
millions are still starving
while the oceans warm,
turn sour and the air
becomes unbreathable
(Gruber, Phil. Trans. Royal
Soc. 2011), I think that it
is because we have not yet
dared to be more than bacteria
on this planet. We have been
too reliant on our technological
capabilities to explore and somewhat
determine the future ahead of us.
In the context of geological time, therefore,
I believe that the fundamental revolution of the
Anthropocene can only be ethical. Will we be capable
of restraint? The very nature of human intelligence is
at stake. ®
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Left Image:
Farth as a
symbol. In 1977,
the Voyager 1
and 2 space
probes were
launched to
stuay the outer
Solar System.
Voyager 1 left
the Solar System
in 2012, reaching
interstellar
space. Fach
probe carries

a gold-plated
audio-visual
disc containing
information
about Earth, in
case they are
discovered by
intelligent life in
other planetary
systems.
Fichings on the
cover provide
instructions on
how to play the
record. (Credit:
NASA/JPL
[Public domainj,
via Wikimedia
Commons)
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