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The NHM Vienna Meteorite collection 
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One of the world's largest meteorite collection 
~ 8,500 pieces (~7,000 registered individual specimens) 
~ 2,400 locations 
 
Oldest collection in the world  
Collection activities started in Vienna (1778) even before the  recognition of 
meteorites as extraterrestrial matter.  
 
Largest meteorite display in the world 
Currently, after a thorough renovation and modernization of the hall (in 
2012), there are 1,100 meteorites on display, including 650 different 
meteorites (consisting of 300 falls and 350 finds).  



Summary 

*Extraterrestrial samples in the form of meteorites have been curated 

for almost two and a half centuries.  
 

*With the Apollo missions and the return of precious lunar samples on 

Earth, specific facilities have been designed.  
 

*Scientists and governments have defined strict rules to prevent 

cross-contamination between Earth and other solar system objects.  
 

*More recently, new facilities have been designed for the curation of 

asteroid samples, however, within the plan of Mars sample return 

missions in the next decades, a specific facility should be planned 

and constructed (to prevent sample contamination and alteration on the 

one hand, and potential biohazards from the sample on the other hand).  
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Of special interest for the audience (?) 

For samples returned from Mars, detection of life is a very 

important topic: 
 

*“Planetary protection perspective” 

These samples are regarded as having the potential of containing life or 

signatures of life.  
 

*“Science perspective” 

To know whether life ever arose on Mars.  

 

 Specific and appropriate handling and analysis of these samples 

will be required.  
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The EURO-CARES project 
(www.euro-cares.eu) 

EURO-CARES [European Curation of Astromaterials Returned from 

Exploration of Space]: 
 

*A multinational project funded under the European Commission's 

Horizon2020 research programme.  
 

*A multidisciplinary team of experts from industry and academia 

developing a roadmap for a European Sample Curation Facility 

(ESCF) [designed to curate precious samples returned from Solar System 

exploration missions to extra-terrestrial bodies (including Mars)].  
 

*A 36 months project focused on six key themes: 

- Curation of extraterrestrial materials 
- Planetary Protection 
- Infrastructure requirements 
- Instruments and methods for sample handling, preparation, and analysis 
- Analogue samples (proxies for extraterrestrial materials) 
- Technologies for sample reception and transport 
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Some issues and questions? 

Designing an ESCF raises a lot of issues and questions:  
 

*What are the best conditions to curate samples from Mars to keep them as 

pristine as possible?  
 

*What kind of tests, destructive or not, have to be conducted to assess the 

presence of (potentially harmful living) extraterrestrial organisms in the 

returned samples?  
 

*How much of the limited amount of available samples versus analog 

materials should be used for these tests to obtain reliable results?  
 

If there is "life" in the samples, should they be sterilized to allow sample 

distribution to the scientific community, or should (all) the investigations be 

conducted inside the ESCF?  
 

 

We are looking forward to the input and expertise of all interested 

persons! 
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NASA 

NASA/JPL 
NASA/JPL 

From Mars, ejected by the impact 
of an asteroid or a comet before to 
land on Earth… 

Tissint 
NHMV-N9388 
909g 

Martian meteorites 
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Martian meteorites 
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Martian meteorites 
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Martian meteorites 

Unlike martian meteorites, primarily igneous, products of 
aqueous alteration will be of highest priority for MSR. 
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Previous studies of a Mars sample 
receiving facility 

Townsend (1990) 

Mani (2004) 



Previous studies of a Mars sample 
receiving facility 
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Beaty et al. (2009) 

Most of the technology needed to design and construct an MSRF 
already exists in the biosafety, pharmaceutical, and sample 
curation communities.  



• Not country-specific 

• Not mission-specific 

• Samples with AND without biohazards 

How is EURO-CARES different ? 
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*To receive the samples 

*To test and determine whether the samples are hazardous 

*To document and to characterize the samples (to be conducted by a 

broadly multidisciplinary science team inside the facility) 

*To prepare and to distribute the samples (for research works to be 

conducted outside the facility) 

*To store the samples (and all information about the samples / database) 

*??? 
 

Flexibility of the facility is important (with time things can evolve in a 

way or another…). 

What are the “main/basic” functions of 
the facility? 
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Infrastructure to be designed and constructed in order to: 

1) prevent sample contamination and alteration on one hand 

2) prevent potential biohazards from the sample on the other hand  

= 

A complex facility combining elements of both a clean room and 

a biohazard containment facility (ISO 4) – something that has 

never been built! 

+ 

Long-term (decades…) preservation and protection of the samples. 

+ 

Public outreach 

Building design of the facility 
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Several adjacent cleanrooms/laboratories, connected via airlocks: 

(1) a receiving laboratory,  

(2) a cleaning (and sterilization) room, 

(3) an opening laboratory 

(4) a curation laboratory 

(5) a containment lab for BAP assessment 

(6) a storage (vault) room (with sealed containers).  

+a specific lab for the analogues (preparation, testing, storage, etc.)? 

+a specific lab to support instruments development and testing?  

Receiving Cleaning Opening 

Curation 

Storage 

Biohazard 
Assessment 

Protocol 

Distribution 

Analogues 

Conceptual design of facility 
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Mandatory for MSR: 

Capabilities for life detection / 

biohazard determinations 



Two options:  

*Human handling (suit lab or cabinet lab) and/or  

*Robotics (Remote Manipulation or semi-autonomous robotics) 

Cleanroom AND BSL-4 
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Common requirements: 

* HEPA filtrated air (in & out) 

* air-handling system(s) 

* pure nitrogen (or Ar) supply systems if necessary 

* pressure control systems 

* anti-static flooring and rounded corners 

* Etc. 

 

Contamination Control 

* “Passive” control with positive pressure ante-rooms 

* Double-walled isolators 

 

Requirements and 
Contamination control 
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Sample handling cabinets 

*Equipped with air lock(s) to be able to introduce diverse tools, 

containers, etc. without breaking the environment inside the cabinets.  

*Ultraviolet neutralization lamps and/or alpha-ray neutralizer of 210Po 

radioactive source, to compensate electrostatic charging. 

Double-walled isolators 

Handling of the samples 
M

a
rs

 s
a
m

p
le

 r
e
tu

rn
 c

u
ra

ti
o
n
, 

p
la

n
e
ta

ry
 

p
ro

te
c
ti
o
n
, 

a
n
d
 t

h
e
 s

c
ie

n
c
e
 p

e
rs

p
e
c
ti
v
e
 

L
. 

F
e
rr

iè
re

, 
N

H
M

 V
ie

n
n
a
 (

A
u
s
tr

ia
) 



Short list of accepted materials:   

*stainless steel (304 and 316) 

*pure aluminum and specific aluminum alloy 

*quartz glass 

*polytetrafluoroethylene (PTFE) 

+ Viton (in case of Viton gloves cabinets) 

 

Non accepted/authorized materials or to be avoided:  

• Plastic 

• Silicones & lubricants (robotics,…) 

• Organic compounds (paint,…) 

Low potential of contamination (outgassing, 
dust…) OR simple composition 

Materials to be used (or not) 
M
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Accidents happen in even the best facilities! 

All necessary safety measures should be taken to prevent a catastrophe, 

whether natural or man-made, to protect not only the samples, but also the 

staff and local population.  

To be considered are: 

*Fire 

*Storm 

*Flooding 

*Earthquake 

*Electricity failure 

*Vandalism / Human error 

*”Political stability” of the country 

A remote storage is necessary (in a distinct country).  

Safety and Security 
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Timing: 

The planning of the facility design needs to start as early as possible (i.e. 

several years before the planned return sample date), ideally to finish the 

building at very least two years before any sample return, to have 

enough time to properly test the facility on analogue samples, to develop 

and validate procedures, and to train a dedicated multidisciplinary team.  

 

Other issues to consider:  

*Legislation & policy 

*Maintenance and operation 

*Location of the main facility + remote storage 

*Feasibility, cost estimation, and timescales 

*… 

Also to be considered… 
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The facility will have to operate at controlled pressure, temperature and 

atmospheric environment (especially the relative humidity) [all these 

parameters should be carefully monitored and recorded].  

 

At least three types of sample storages will have to be considered:  

(1) "unopened storage", for unprocessed samples,  

(2) "working storage", for processed samples (designated for study and 

loan to other laboratories, etc.),  

(3) "readmitted storage", for samples that have been studied in other 

laboratories and returned to the facility.  

Storage of the samples 
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Storage of the samples: 

Examples of storages 
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*Most appropriate conditions for samples storage 

• P, T (cold curation to be considered…), magnetic fields, gas 

composition,… 

• Witness coupons for contamination monitoring and recording 

*Different sizes of samples 

*Different sample types (rock, soil, ice, gas, etc.) 

 

What are we storing? 

What are the constraints?  

Specific aspects to be considered 
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Definition: Collection, handling, documentation, preparation, preservation 

("into the indefinite future"), and distribution of (a limited amount of) 

samples for research.  

 

Curator(s) should already be consulted during the mission design: 

*expert of the samples to be collected 

*to help in designing the "sampling device(s)" 

*to insure proper monitoring of the contamination 

 

The collected and curated samples have a unique (and distinct) history 

and come from different environments.  
 

The samples present specific and unique challenges for appropriate 

curation.  

Curation 
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Initial processing and characterization (/documentation) of the 

samples should be conducted, including: 

*naming (a sample ID is given to each sample) 

*photographing (such as basic 2D digital photographs and 3D laser scans) 

*weighing 

*description of the samples (size, color, etc.) 

*…. 

These data are directly entered in a specifically designed electronic 

database.  

A large number of additional information will also be stored in the 

database, including the history of the sample (transfer dates, name of the 

operator(s), type of manipulation, comments, etc.).  

Curation 
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Preliminary examination using different methods such as X-ray 

microtomography, (field-emission) scanning electron microscopy (SEM; 

equipped with focused ion beam [FIB]), X-ray fluorescence, microRaman 

spectroscopy, etc. should be envisaged.  
 

The extent of the preliminary examination (to be completed within the 

facility) will have to be discussed and defined in accordance with 

requirements from the scientific community. 

 

Should we locate the facility close to already existing state of the 

art laboratories? 
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Manipulation of the samples 

 

Optical tweezers? 
(single-beam gradient force trap) 
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Preparation of the samples: 

Subdivision of the samples to be done using e.g., precision-cleaned hand 

tools, ultrathinning techniques, or using a bandsaw (i.e., dry cutting; 

knowing that in this case the friction and induced increase of temperature 

will likely affect and, to some extent, alter the sample).  

Small particles can be separated either by hand picking with tweezers, 

micromanipulators, or by dry sieving.  

 

Special sample preparations, such as mounted samples, (thin) sections, 

FIB foils, etc. will have to be prepared; new techniques of samples 

preparation will have to be envisaged following requirements from the 

researchers community.  
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Documentation of the samples: 

New generated (sub-)samples will have to be properly named and 

documented.  
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Should the facility be based on the principle of a suit lab, or a 

cabinet lab, or both?  
 

Should the samples be manipulated by humans and/or robots? 

In both cases a need of a significant technological advance over the methods 

currently used is evident.  
 

What storage environment should be chosen (P, T, and specific 

atmosphere composition)? Sampling and especially storing gas and all 

other adsorbed volatiles, preserving ice and temperature-sensitive mineral 

phases and dealing with samples that may contain traces of extraterrestrial 

organic material or prove to be biohazards will be a big challenge.  
 

New approaches of samples curation and storage will have to be 

developed… 

Main issues to be further investigated 
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Planetary protection 

MSR have strict planetary protection protocols! 
 

Legal basis lies in Article IX of the Outer Space Treaty from 1967.  
 

Martian samples must be contained and treated as potentially biologically 

hazardous until they are declared safe by applying recommended protocols, 

including rigorous physical and chemical characterization, life detection 

analyses, and biohazard testing (National Research Council 2009).  
 

Containment of samples prior to release to the general scientific community 

may be significantly protracted.  
 

One of the most critical issue is to avoid the “stuck in containment”.  
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Planetary protection 

The probability that a single unsterilized particle of 0,01 μm diameter or 

greater is released into the Earth’s environment shall be less than 10-6 

(Ammann et al., 2012).  
 

In line with planetary protection baseline, the facility will have to: 

*contain areas with different biological safety containment levels 

*contain areas with different contamination control levels 

*to accommodate not only the samples returned from Mars but also the 

associated flight hardware.  
 

Should we continue to put so much efforts (and money) into “planetary 

protection” and continue inhibiting science and new discoveries? 
 

Interface between science desires and planetary protection will 

need to be carefully managed.  
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Science perspective 

Whether there is or was life on Mars has been one of the most 

pivotal question since the first telescopic observations of Mars. 
 

Life can be found virtually everywhere on Earth, thus the potential for 

contaminating the Mars samples and compromising their scientific integrity 

is not negligible. 

 

How will samples be allocated  to scientists? 

Which, if any, sub-samples should be sterilized? 

What proportion of samples should be left untouched? 

… 
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SAVE THE DATE !  
 

14-15 April, 2016 
NHM Vienna 

© NHM Wien-GeoPic 

EURO-CARES WP3 meeting in Vienna 
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Questions? 

Importantly, a waste 

sterilization system 

should be planned to be 

able to sterilize both 

liquid and solid waste 

products prior to release 

them in the environment.  

Questions? Suggestions? Comments?  
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