HABITABILITY OF THE ICY GALILEAN
SATELLITES:

EVOLUTIONARY BIOMARKERS WITH EJSM AND PENETRATORS

J. Chela-Flores

The Abdus Salam International Centre for Theoretical Physics, Trieste, Italy and
Instituto de Estudios Avanzados, Caracas, Republica Bolivariana de Venezuela.

TH0-



Resurfacing on Europa: a key in the
search for evolutionary biomarkers




A first Barth analog of Europa’s icy-surface:
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Resurfacing on terrestrial lakes 52

How do microbial mats reach the bottom of the lake 1cy sur ace7
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Prostrate mats carrying'a.consof& acteria some not yet identified




Resurtacing on terrestrial lakes:

How do microbes reach from the bottom to the top of the lake icy surface?
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Resurfacing on terrestrial lakes:
Traffic of biogenic sulfur through the lake’s icy cover
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Biogenic Sulfur in the Solar System

* Sulfur is strongly fractionated exclusively by
biogenic activity in the available samples of
the Solar System The deltIS—parameter

Sulfate

o coexisting
omEEE——_ L SR
bg-g with seawater

* Terrestrial sources (biogenic) in basins off California
Meteoritic

Lunar
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» We have shown how biogenic sulfur patches are produced by resurfacing of an
Earth analog of Europa: Lake Hoare



Resurfacing on Europa:
A dust cloud has been released by micrometeroid impacts

Credits: Miljkovi¢, K. and Taylor, E. A. (2007), The LAPLACE
Consortium (Blanc et al, 2009) and McCord et al. (1998)




Possible sources of the stains

External source: lons may be implanted from the
Jovian plasma.

* Internal source: Sulfur may be due to microbes
living around hydrothermal vents, reaching the icy
surface by cryovolcanism.

* What is the nature of biogenicity?
One way to decide may be with penetrators.

* Could the source of the patches be bacteria, or
even eukaryotes or metazoans?




Which eukaryotes, or metazoans, can live in
extreme environments?

(deVere et al. 2003-2010)

» Xanthoria Elegans, the elegant sunburst ~ » Expose-E was carried back to
lichen, was outside the European Earth by Space Shuttle
Columbus laboratory. It is a macroscopic Discovery. These experiments

composite of a fungus and an alga. Investigate  to .What extent
terrestrial organisms are able

to cope with extreme
environmental conditions.

" The Arterican‘elegant sunburst lichen':. ,;
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Europe’s Columbus ISS lab module



Some extremophiles are more complex than
.single-celled eukaryotes
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Animals with bilateral symmetry found in extreme environments include the Antarctic krill
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Simple aquatic metazoans in extreme conditions

* In the Antarctic analog of Europa there is an ecosystem with simple
metazoans.

* Our ecosystem is underneath McMurdo Sound:

> SNSRI 2




Metazoans living underneath the icy surface of McMurdo Sound




With currrent instrumentation, how could we test for eukaryotes or
metazoans in the Europan ocean?

Jupiter's
magnetosphere

oxidants sunshine

per meter

Credit: Richard Greenberg, L
“Europa”, Springer 2005 0 degrees Celsius
(a few kilometers down)
ocean: reservoir of

endogenous and exogenous
substances




Credit:
British Penetrator
Consortium




Penetrators for the icy surface of Europa

For geochemical data:
Mass  ___

spectrometer

Radiation sensor

Batteries
Magnetometers
Credit:

UK British
Consortium

Accelerometers
Power
Interconnectior
Processing

Micro-seismometers

Accelerometers, Thermometer
Batteries,Data logger

Drill assembly



Combined Raman/LIBS spectrometer (ExoMars)




Instrument ___| Implication __| Challenges

Penetrator

Mass spectrometry

LIBS/Raman

e Can probe the
surficial sulfur for
biogenicity in the
presence of radiation

*With geochemistry
we can test for
microbial life

* Can identify single
molecules in a
multicellular
ensemble

* Mass budget is
restricted

* To guarantee
accessibility in the
mass budget of JEO

e The selection of
molecules common to
eukaryotes and
simple metazoans,
but absent in bacteria

e To develop
protocols and to test
them



The Europa Jupiter System Mission with penetrators

Callisto

Ganymede




