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>99% of small bodies in the 
solar system are Kuiper Belt 
Objects

… but are underrepresented in 
our collections by >1013 by mass

image courtesy ALMA collaboration

… the icy component is not 
represented at all



Instruments

SEM/EDX	
(S)TEM	
EELS	
Auger	
HRTEM	
HIM	
EMPA	
ALCHEMI

electron/ion	microscopy

SXRF	
SXRD	
XANES	
EXAFS	
STXM	
PEEM	
XPS	
ptychography

x-ray	microprobe

SFTIR	
nanoFTIR	
Raman	
petrography	

infrared/optical

TIMS	
SIMS	
ICP-MS	
LA-ICP-MS	
ion	microprobe	
nanoSIMS	
megaSIMS	
AMS

ion	probe/mass	spectrometry

RIMS	
TOF-SIMS	
L2MS	
Atom	probe	
LC-FD/TOF-MS	
LGCMS	
NGMS

sample	preparation

ultramicrotomy	
FIB	liftout	
FIB	masking	
keystones	
picokeystones	
In	embedding	

Si3N4	SIMS	mount	
XeF2	etching	
Stardust	Foil	stretcher	
Backside	profiling	
plasma	ashing	
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Advantages	of	sample	return

• Use	instruments	that	cannot	be	flown	in	space	

• Take	advantage	of	advances	in	analytical	capabilities		

• Study	samples	for	decades	

• Carefully	coordinated	analyses	using	a	variety	of	instruments

Advanced	Light	Source,	Lawrence	Berkeley	Lab
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CP-IDPs:	cometary	origin		
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Stardust

NASA	Discovery	mission
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No cryogenic (<150K) natural material of any kind 
has ever been studied in the laboratory



Science questions



implicit or explicit assumptions



CAIs
chondrules

If we only had vaporized meteorites, we would miss….

… and so much more
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What has changed since the last Planetary Decadal: 
• High-heritage cryocooler technology 
• Rosetta  
• DOE investments and advancements in cryomicroscopy



Cryocoolers at TRL 9

RHESSI M77 cryocooler



We know much more about comets!



Sampling technology development



• The advent of cryomicroscopy of biological samples has led to a 
profusion of commercially available tools for focused ion beam (FIB) 
microsampling, cryotransfer, and cryoelectron microscopy at 10s of K.  

• The viability of isotopic measurements of meteoritical samples held at 
cryogenic temperatures has been demonstrated (Yurimoto et al., 2014).  

• Cryogenic (77 K) stages are currently available at several synchrotron x-
ray beamlines.  

• The Department of Energy recently identified the development of 
electron microscopes and samples stages that enable work at 5K with 
<0.1 nm resolution for non-biological samples as a priority for 
addressing multiple agency Grand Challenges (DOE report, 2014). 
These methods and instruments are already on the path to 
widespread adoption across the microanalysis research sector, and 
should be integrated into the Decadal Survey as part of the NASA 
technology roadmap for sample return.

Cryogenic sample curation, handling, sample prep, and analysis
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In the light of Rosetta observations of 67P:  

• investigate remote sensing payloads and the time needed for selection of a site 
that will maximize the probability of collecting sample(s) that meet science 
requirements 

• develop sampling options that can work over a range of surface strengths and 
terrains that are likely to contain primitive icy material 

• develop ideas for ensuring return of more primitive materials below the outer 
processed and sintered layers of a comet. 



1 nm/year

60K



really three…



Stardust	SRC	
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Deep Space Gateway
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Nov 10, 2020

SpaceX Starship



A Planetary Mission Concept Study proposal describes 
such studies in more detail





Glass with Embedded Metals and 
Sulfides (GEMS)

FeNiS

CMgO


