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Introduction:  Ocean Worlds (OW) like Europa 

and Enceladus are covered in icy shells that obscure 
much of the processes and chemical composition with-
in the moons’ watery interior. Remote observations 
indicate that plumes and cracks are possible vehicles 
for subsurface materials like salts and organics to reach 
the icy surface. These surface materials may provide 
clues to the subsurface chemical environment. Expo-
sure to the harsh radiation environment on the surfaces 
of these moons, however, creates an additional barrier 
to the interpretation of surface sample measurements.. 
Ionizing irradiation causes the breaking of molecular 
bonds and disintegration of macro-molecules resulting 
in a completely different molecular structure from 
what was originally present [1].  Pristine subsurface 
material deposited near a vent or plume will likely 
evolve in time by cosmic ray gardening. Thus, an un-
derstanding of the change in spectroscopic properties 
of representative compounds as a function of weather-
ing is important..  

UV/Vis/IR spectrometers (Galileo/NIMS, Cassi-
ni/VIMS+CIRS) have a long heritage of remote meas-
urements of OW such as Titan, Enceladus, and Europa 
providing information on the rich chemical inventory 
of these bodies. However, the km-scale footprints and 
spectral sensitivity of these spectrometers miss trace 
species, including possible macromolecules, dispersed 
on the surface. Robotic in-situ Raman spectroscopy is 
a versatile and non-destructive tool that is well-
established for in situ measurements for the detection 
of minerals and a wide variety of compounds in host 
materials like rocks and ice. A Composite Vibrational 
Spectrometer (CVS) consisting of co-registered Ra-
man, fluorescence and reflectance spectrometers will 
provide valuable information on indicators of subsur-
face composition, when used in concert with other in-
situ analytical techniques. In conjunction with space-
craft remote spectrometers, an in situ CVS will aid 
characterization of surface materials on different spa-
tial scales providing context for transport processes. 

The optical properties of water are modified by 
salts and other impurities resulting in frequency shifts 
in Raman spectral signatures. For example, salts like 
NaCl or KCl are either inactive or very weak Raman 
scatterers, but their identity is revealed in shifts partic-
ularly in the water bands ~3200 and ~3400  cm-1 [2] 
(Wu et al., 2016). Conversely, Raman spectral signa-

tures for sulfosalts and organics are easily resolved 
along with the host ice (Fig.1). Reflectance spectros-
copy provides a way to verify Raman measurements 
(and visa-versa) using IR fundamental, overtone, and 
combination vibrational transitions. Data collected 
using laboratory IR spectrometers and NIMS show that 
chloride salts have distinct peak characteristics [3] 
(Hanley et al., 2013). With the two techniques com-
bined, a complete characterization of materials in ice 
can be accomplished. 

 
Figure	1.	VIS	Raman	spectra	from	portable	system	

and	reflectance	spectra	 (inset)	of	2	cm-thick	 ice	sam-
ples	 (0.5-1mW	 power,	 2-4s	 integrations)	 with	 differ-
ent	mixtures.	

Here we present our initial findings from laboratory 
experiments using Raman and reflectance spectroscopy 
and fluorescence microscopy to characterize salt- and 
organics-infused water ice. We will also discuss future 
directions in developing Raman and reflectance spec-
troscopy instrumentation for the geochemical charac-
terization of OW and icy bodies.  
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