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Introduction:

The PLANET TOPERS (Planets, Tracing the
Transfer, Origin, Preservation, and Evolution of
their ReservoirS) group is an Inter-university attrac-
tion pole (IAP) addressing the question of habitabil-
ity in our Solar System (see http://iuap-planet-
topers.oma.be/). Habitability is commonly under-
stood as “the potential of an environment (past or
present) to support life of any kind” [1]. Based on
the only known example of Earth, the concept refers
to whether environmental conditions are present for
eventually supporting life, even if the latter does not
currently exist [2]. Life includes properties such as
consuming nutrients and producing waste, the ability
to reproduce and grow, pass on genetic information,
evolve, and adapt to the varying conditions on a
planet [3]. Terrestrial life requires liquid water. The
stability of liquid water at the surface of a planet
defines a habitable zone (HZ) around a star. In the
Solar System, it stretches between Venus and Mars,
but excludes these two planets. If the greenhouse
effect is taken into account, the habitable zone may
have included early Mars while the case for Venus is
still debated. Important geodynamic processes affect
the habitability conditions of a planet.

Vision:

As envisaged by the group, this IAP develops
and closely integrates the geophysical, geological,
and biological aspects of habitability with a particu-
lar focus on Earth neighboring planets, Mars and
Venus. It works in an interdisciplinary approach (see
Figure 1) to understand habitability and in close col-
laboration with another group, the Helmholtz Alli-
ance “Planetary Evolution and Life”, which has sim-

ilar objectives (see
http://www.dlr.de/pf/en/desktopdefault.aspx/tabid-
4843)).

The dynamic processes, e.g. internal dynamo,
magnetic field, atmosphere, plate tectonics, mantle
convection, volcanism, thermo-tectonic evolution,
meteorite impacts, and erosion, modify the planetary
surface, the possibility of liquid water, the thermal
state, the energy budget and the availability of nutri-
ents.

P €
comets and
asteroids

magnetosphere

atmosphere
m%f‘f@ﬂ/ffe!?Zi"Q evaporation

Pz rain

b e
o %26, . 2
o @
Oy, © liquid core !
s, ) G heat o
/d > [
’ﬂow

Figure 1: Interdisciplinary approach of PLANET
TOPERS.

Shortly after formation (Hadean 4.4-4.0 Ga or
billion years), evidence supports the presence of a
liquid ocean and continental crust on Earth [4], Earth
may have been habitable early on. The origin of life
is not understood yet but the oldest putative traces of
life occur in the early Archaean (~3.5 Ga).

Studies of early Earth habitats documented in
rock containing traces of fossil life provide infor-
mation about environmental conditions suitable for
life beyond Earth, as well as methodologies for their
identification and analyses. The extreme values of
environmental conditions in which life thrives today
also characterize the “envelope" of the existence of
life and the range of potential extraterrestrial habi-
tats. The requirement of nutrients for biosynthesis,
growth, and reproduction suggest that a tectonically
active planet, with liquid water is required to replen-
ish nutrients and sustain life (as currently known).
These dynamic processes play a key role in the appa-
rition and persistence of life.



Content of the contribution:

This contribution focusses on the highlights of
the work of the IAP Planet TOPERS [5]. The TIAP
Planet TOPERS field of research supports a broad
community, which research themes are shown in the
previous paragraphs. The Pole focusses its contribu-
tion on the full integration of these themes in the
following Work Packages (WP) to better demon-
strate how life can be sustained and to characterize
the existence and persistence of life through the de-
velopment of potential habitats.

WP 1: Internal Geophysics and Interaction with
Atmosphere

The first work package studies key questions in
the physics of the atmosphere and the interactions
with planetary interiors. This includes the self-
regulating (bio)geochemical cycles and models of
mantle convection and tectonics in relation to mag-
netic field generation. The interactions between a
solid and possibly partially liquid planet (existence
of a liquid core) and its atmosphere encompass, in
particular, the (partial) protection of the atmosphere
from escape processes related to the existence of a
magnetic field. The volatile exchange rates with the
interior of the planet, and the dynamics of the interi-
or are also of importance.

WP 2: Atmosphere and interaction with surface,
hydrosphere, cryosphere, and space

The second work package deals with the thermal-
chemical evolution of planetary atmospheres (net
loss, sources and chemical reactions) and its interac-
tion with surface, hydrosphere, cryosphere, and
space to determine the evolution of pressure, tem-
perature and composition in time, and the existence
or not of liquid water. This includes the greenhouse
effect as well as the regulating role of a magneto-
sphere on atmospheric losses. The comets and aster-
oids volatile mass influx from space into the atmos-
phere are dealt with as well.

WP 3: Identification of life tracers, and interac-
tions with planetary evolution

The third work package is related to the identifi-
cation and preservation of life tracers. Life leaves
traces by modifying microscopically or macroscopi-
cally the physical-chemical characteristics of its en-
vironment. The extents of these modifications and
their preservation determine the ability to (eventual-
ly) detect them. By characterizing chemical and
morphological biosignatures on macro- to micro-
scale, preservation and evolution of life in early
Earth or analogue habitats are studied, with the ob-
jective to constrain the probability of detecting life
beyond Earth and the technology needed to detect
such traces. The Earth biosphere has been interacting
with the atmosphere and crust at a planetary scale
probably soon after its origin, in the Archaean, and

most significantly since the 2.5 Ga oxygenation,
with profound implications for planetary and bio-
sphere evolution.

WP 4: Accretion and evolution of planetary systems

The fourth work package investigates the chro-
nology of differentiation processes, the onset of plate
tectonics and the recycling of the crust and implica-
tions for life sustainability. To that aim, samples
from the worldwide meteorite collections are ana-
lyzed with the objective of relating their age (to be
determined) and their composition to planetary evo-
lution. The roles of asteroid and comet impacts in
planetary evolution of the planets are also examined.

WP 5: Integration of information into “Global Sys-
tem dynamics”: Case study and comparisons of
evolution pathways; definition of habitability con-
ditions and its sustainability on different bodies

The fifth work package will be addressed more
lately as its aims at developing, in a holistic ap-
proach, an integrated model of planetary thermody-
namic engine that includes mass, energy, and entro-
py balances into a “Global System dynamics”. The
roles of feedback cycles to stabilize habitable condi-
tions are and will be examined. For instance the net
loss or gain of volatiles in the atmosphere depends
on the atmospheric pressure itself. Case studies and
comparisons of evolution pathways, such as between
Mars, Venus, and Earth are considered. Ultimately, a
roadmap (in collaboration with the international
community) for assessment of habitability on terres-
trial bodies (terrestrial planets, asteroids, rocky and
icy satellites, extrasolar terrestrial planets) will be
provided.
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