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How the habitability of exoplanets is influenced by their rocks

The weathering of silicate rocks plays an important role to keep the climate on Earth clement.
Scientists led by the University of Bern and the Swiss national center of competence in
research (NCCR) PlanetS, investigated the general principles of this process. Their results
could influence how we interpret the signals from distant worlds —including such that may hint
towards life.

The conditions on Earth are ideal for life. Most places on our planet are neither too hot nor too cold
and offer liquid water. These and other requirements for life, however, delicately depend on the right
composition of the atmosphere. Too little or too much of certain gases — like carbon dioxide — and
Earth could become a ball of ice or turn into a pressure cooker. When scientists look for potentially
habitable planets, a key component is therefore their atmosphere.

Sometimes, that atmosphere is primitive and largely consists of the gases that were around when the
planet formed — as is the case for Jupiter and Saturn. On terrestrial planets like Mars, Venus or Earth,
however, such primitive atmospheres are lost. Instead, their remaining atmospheres are strongly
influenced by surface geochemistry. Processes like the weathering of rocks alter the composition the
atmosphere and thereby influence the habitability of the planet.

How exactly this works, especially under conditions very different from those on Earth, is what a team
of scientists, led by Kaustubh Hakim of the Centre for Space and Habitability (CSH) at the University
of Bern and the NCCR PlanetS, investigated. Their results were published today in The Planetary
Science Journal.

Conditions are decisive

“We want to understand how the chemical reactions between the atmosphere and the surface of
planets change the composition of the atmosphere. On Earth, this process — the weathering of silicate
rocks assisted by water — helps to maintain a temperate climate over long periods of time”, Hakim
explains. “When the concentration of CO2 increases, temperatures also rise because of its
greenhouse effect. Higher temperatures lead to more intense rainfall. Silicate weathering rates
increase, which in turn reduce the CO2 concentration and subsequently lower the temperature”, says
the researcher.

However, it need not necessarily work the same way on other planets. Using computer simulations,
the team tested how different conditions affect the weathering process. For example, they found that
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even in very arid climates, weathering can be more intense than on Earth if the chemical reactions
occur sufficiently quickly. Rock types, too, influence the process and can lead to very different
weathering rates according to Hakim. The team also found that at temperatures of around 70°C,
contrary to popular theory, silicate weathering rates can decrease with rising temperatures. “This
shows that for planets with very different conditions than on Earth, weathering could play very different
roles”, Hakim says.

Implications for habitability and life detection

If astronomers ever find a habitable world, it will likely be in what they call the habitable zone. This
zone is the area around a star, where the dose of radiation would allow water to be liquid. In the solar
system, this zone roughly lies between Mars and Venus.

“Geochemistry has a profound impact on the habitability of planets in the habitable zone”, study co-
author and professor of astronomy and planetary sciences at the University of Bern and member of
the NCCR PlanetS, Kevin Heng, points out. As the team’s results indicate, increasing temperatures
could reduce weathering and its balancing effect on other planets. What would potentially be a
habitable world could turn out to be a hellish greenhouse instead.

As Heng further explains, understanding geochemical processes under different conditions is not only
important to estimate the potential for life, but also for its detection. “Unless we have some idea of the
results of geochemical processes under varying conditions, we will not be able to tell whether bio-
signatures — possible hints of life like the Phosphine that was found on Venus last year — indeed come
from biological activity”, the researcher concludes.
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Center for Space and Habitability (CSH)

The mission of the Center for Space and Habitability (CSH) is to foster dialogue and interactions
between the various scientific disciplines interested in the formation, detection and characterization
of other worlds within and beyond the Solar System, the search for life elsewhere in the Universe,
and its implications for disciplines outside of the sciences. The members, affiliates and collaborators
include astronomers, astrophysicists and astrochemists, atmospheric, climate and planetary
scientists, geologists and geophysicists, biochemists and philosophers. The CSH is home to the
CSH and Bernoulli Fellowships, which host young, dynamic and talented researchers from all over
the world to conduct independent research. It actively run a series of programs to stimulate
interdisciplinary research within the University of Bern including collaborations and/or open dialogue
with Medicine, Philosophy and Theology. The CSH has an active tie to the Centre for Exoplanets &
Habitability of the University of Warwick. It is active in implementing gender equality measures and
public outreach.

More information: www.csh.unibe.ch

Bernese space exploration: With the world’s elite since the first moon landing

When the second man, "Buzz" Aldrin, stepped out of the lunar module on July 21, 1969, the first
task he did was to set up the Bernese Solar Wind Composition experiment (SWC) also known as
the “solar wind sail” by planting it in the ground of the moon, even before the American flag. This
experiment, which was planned and the results analyzed by Prof. Dr. Johannes Geiss and his team
from the Physics Institute of the University of Bern, was the first great highlight in the history of
Bernese space exploration.

Ever since Bernese space exploration has been among the world’s elite. The numbers are
impressive: 25 times were instruments flown into the upper atmosphere and ionosphere using
rockets (1967-1993), 9 times into the stratosphere with balloon flights (1991-2008), over 30
instruments were flown on space probes, and with CHEOPS the University of Bern shares
responsibility with ESA for a whole mission.

The successful work of the Department of Space Research and Planetary Sciences (WP) from the
Physics Institute of the University of Bern was consolidated by the foundation of a university
competence center, the Center for Space and Habitability (CSH). The Swiss National Fund also
awarded the University of Bern the National Center of Competence in Research (NCCR) PlanetS,
which it manages together with the University of Geneva.
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