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Analogue?

Here, we will consider as analogue something terrestrial
presenting characteristics more or less representative of
something extra-terrestrial.

Analogues can be used to:
- Test and calibrate instrumentation
- Help in situ interpretation

- Make science
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Natural analogue areas

In situ instrument testing

Rover testing during the
Arctic Mars Analog
Svalbard Expedition

(AMASE) 2009

Human exploration

P _' s

e HI-SEAS (Hawaii Space Exploration Analog

Mars Desert Research Station ,Utah (Foing et al. 2011) and Simulation), since August 28" 2015



Natural analogue areas

Planetology

Meteor crater, Arizona, USA

Processes

Eldborgir

Mars analogue for the mechanical and chemical alteration of
volcanic Martian rocks in Iceland (Mangold et al., 2011)




100 m

Mineral deposit in

Rio Tinto, Spain

Early Mars analogue of
hypersaline environment at
Mono Lake, California, USA




Analogue sites

Type Relevance Example A few references
- ESA ESTEC

Rover mobility _JPL

Artificial
Human

exploration
In situ missions Steele, 2007
testing PSR el Amundsen et al., 2010

Human o Wil elsza Ehrenfreund et al., 2011

. - Hawaii .
exploration Foing et al., 2011
- Atacama desert

- Impact craters (Meteor crater, Rochechouart, Lonar crater...)
- Hotspot volcanoes (Hawaii, La Réunion, ...)
- Iceland Mangold et al., 2011
- Cyprus Bost et al., 2013

- Mars 500 experiment at IBMP

Planetology
Natural

Processes

Mineralogy - Rio Tinto, Spain Edwards et al., 2007

- Mono Lake, USA
Biology - Yellowstone, USA
- Patagonia

Wolfe-Simon et al., 2010
Campbell et al., 2015

General reports:

- Foing, Stoker & Ehrenfreund, (2011) Astrobiology field research in Moon/Mars analogue
environments, Special Issue of International Journal of Astrobiology, 10:3, 137-305.

- Preston, Grady & Barber, (2012) CAFE, Concepts for Activities in the Field for Exploration,
TN2: The Catalogue of Planetary Analogues, written by The Planetary and Space Sciences
Research Institute, The Open University, UK
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Material samples

Samples with analogue properties:

- Size (drill core) | : - o
- Porosity (pumice) | ' s i o

- Density (hematite, d~5) e ' |
- Roughness (polished quartz) s ;ﬁiﬁ;ﬁ 3

- Consistency (sand) e

- Physical properties (ice) LE s o e N

Samples particularly pertinent for testing sample handling
and preparation (in situ missions and sample return
missions).
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MSL,

2013

Comets

Philae (Rosetta),
comet
Ichourioumoy.
Guerassimenko,

2014
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Huygens, 2005

Apollo 11,
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2- Instrumental testlng

Use of analogue samples_,_ e ';‘_'5’;"1*?-:\,1 " ;_.j._}; ,f- _._g § - U

CLUPI image (ExoMars) of a chert
from Kitty’s Gap, South Africa, 3.5Ga.

Raman spectrum of a basalt fro
Perrier, France







Principle

Two Mars analogue samples

Fragments of rock and/or powder, depending of the
instruments

That’s all!

—

What interpretation can be made?



MicrOmega
IAS, Orsay, France

RLS

CLUPI
Space X, Neuchatel, Switzerland

Ma_Miss breadboard scheme

FieldSpec

Ma Miss
INAF-IAPS, Roma, Italy



Geological interpretation

Data Brainstorming Interpretation
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Conclusion of the experiment

With the ExoMars payload it is possible to identify and characterise rocks in a
relatively precise way (more information in Bost et al., 2015, PSS 108, 87-97).

The interpretation requires the use of all the instruments of the
payload.

For a “scientific” calibration, it is necessary to test the instruments
using the same analogue samples.



The International Space Analogue Rockstore

Bost et al., 2013, PSS 82-83, 113-127

A well characterized collection of analogue rocks and

minerals dedicated to testing the payload for in situ
Mmissions.

An online database with information on:

-the available samples,

-the sample lending system,

-data on the samples obtained using laboratory and

Space instruments.
I s n n www.isar.cnrs-orleans.fr

International Space Analogue Rockstore Next month, the collection will be transferred to the
Natural History Museum of London under the
responsibility of ESA.
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Space chemistry

2 types of molecules:

“Known” molecules:
- Molecules detected in the interstellar medium
- Molecules found in meteorites (e.g. amino acids)

“Unknown” molecules:

- Molecules formed in comets and icy particles
- Molecules formed in extra-terrestrial
atmospheres (tholins)

Just buy them !
(except IOM)

Simulate the conditions
of synthesis



Simulation chambers

Analogue environments allowing to synthetize analogue molecules
still detected in space or not.

- Understand the extra-terrestrial chemical reactions forming
detected molecules.

- Synthetize analogue molecules.

- Discover the formation of molecules not yet detected in space and
thus orientate the future instrumentation.
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Synthesis of tholins and analysis by IR, ellipsometry an
HRMS by N. Carrasco, at LATMOS, UPMGC, Paris.

Deposit of the
produced solid

par.




Paris
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Analogue?

Here, we will consider as analogue something terrestrial presenting
characteristics more or less representative of something extra-
terrestrial.

Example:

We have found basalts on Thus, terrestrial basalts can be
Mars. considered as analogue of Martian
rocks.

Problem here:

The analogy between terrestrial life and
extra-terrestrial life is purely
speculative.

We have never found any traces of
extra-terrestrial life!



What to search for?

In a general way we search for auto replicating systems made with organic
molecules in contact with liquid water and the remains of these systems.

On Mars:
- Mars was habitable during the Noachian (~3,8 Ga ago). ' :
/

Life may have appeared at this time and disappeared since.

Search for past traces of microbial life.
| mn—
Life may have appeared at this time and still survives today in ecological niches.

Search also for present microbial life.

On icy satellites: i On exoplanets:

- Microbial life may be
present below the icy crust.

- Complex life is
possible.




Analogues of past traces of life on Mars

Search for microfossils more or less similar to the oldest traces of primitive
life on Earth.

LAl e s o R AT
lluu \!;-f‘ﬁ'f" J.’ﬁ /" ,__,(g._k Wy &

Silicified microfossils 72
from the Kitty’s Gap ' /;
Chert, Pilbara, .=
Australia, -3.446 Ga -} %

Westall et al.,
2011

We can expect to find carbonaceous structures more or less similar in size and
shape than those found in old silicified sediments.

Westall et al., 2015, Astrobiology, in press.



Analogues of present life

Life appeared more than 4 Ga ago on Earth and evolved, adapting to various
environments.

[t is very unlikely that life based on DNA appeared on another body and
evolved in exactly the same way as on Earth.

Study the metabolisms of organisms living in analogue environments to
search for the fundamental requirements necessary to live in these particular
environments, i.e. study convergent evolution to find convergent
biosignatures (C. Flores Martinez, 2015).






Planetary protection and panspermia

Panspermia, 2014, by Colonel82, Digital Art / Mixed Media / Sci-Fi©2013-2015



Euro-Cares

EURO-CARES is a multinational project funded under
the European Commission's Horizon2o2o0 research
programme.

The aim of the project is to develop a roadmap for a
European Sample Curation Facility, designed to curate
precious samples returned from Solar System
exploration missions to asteroids, Mars, the Moon and
comets.

One of the Working Package is dedicated to analogue samples for instruments
and protocols testing. We will also include calibration and contamination
samples.

www.euro-cares.eu
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