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Introduction:  Layered ice deposits provide an en-

vironment where chemical and biological signatures 
can be preserved over geological timescales. Greenland 
and Antarctica have been found to preserve organic 
material including active microbial communities [1]. 
The Greenland ice sheet is an analog for the Mars polar 
caps as the formation of ice layers is a result of meteor-
ic deposition. Comparatively, analogs of the Europan 
subsurface are accretion ice found above subglacial 
lakes in Antarctica, and a terrestrial analog to the Eu-
ropan surface may be sea ice [2]. In-situ Organic and 
life-detection instruments that can investigate the 
chemical environment while preserving the spatial con-
text of deposition are needed to enable future missions 
to the Mars polar caps, as well as icy worlds including 
Europa and Enceladus.. 

The Wireline Analysis Tool for Subsurface Obser-
vation of Northern ice sheets (WATSON) is an instru-
ment under development at NASA’s Jet Propulsion 
Laboratory with USC, MSU, and Honeybee Robotics. 
The spectroscopy portion of the instrument is being 
integrated with an autonomous wireline drill developed 
by Honeybee. WATSON is based on SHERLOC [3], 
the deep UV Raman and fluorescence instrument se-
lected for Mars 2020, re-designed to accommodate the 
volume restrictions of a 4.25 in (10.8 cm) diameter ice 
borehole.  The WATSON drill is based on Honeybee's 
AMNH Deep Drill, successfully tested in a Gypsum 
quarry outside Salton Sea, CA in 2015. Two holes with 
depths of 10.5 m and 13.5 m were drilled during that 
deployment [4].  

Deep UV Raman spectroscopy can detect molecu-
lar bonds including C=C, C-H, and other CHNOPS 
containing compounds. Raman scattering occurs when 
a photon incident on a molecule imparts some energy 
to the molecule, resulting in a transition to a higher 
vibrational state. Benefits of deep UV excitation in-
clude a pre-resonance or resonance enhancement in 
some organics, and a Raman window below 270 nm, 
out of the fluorescence region [5]. UV laser-induced 
fluorescence occurs when a molecule, excited to a 
higher electronic state by the laser, undergoes a radia-
tive transition when returning to the ground state. This 
process has a cross section that can be several orders of 
magnitude stronger than Raman scattering, and can be 
used to rapidly detect bacteria or concentrations of 
organic material [6]. The combination of these two 
techniques permits rapid detection of organic material 

using fluorescence, and subsequent characterization 
from the Raman spectrum.  

The science objectives of WATSON include de-
tecting and characterizing organic compounds and po-
tential biosignatures, including microbes, in subsurface 
ice environments, as well as determining their spatial 
distribution. In locations where layered ice forms a 
temporal record of organic deposits, WATSON is in-
tended to understand whether analyses of a single site 
can provide information regarding organic content and 
distribution over geological timescales. Leveraging 
high-TRL components with SHERLOC heritage addi-
tionally demonstrates the potential for incorporation of 
WATSON-like instruments into future planetary mis-
sions with astrobiological science objectives. 

 Figure 1. WATSON schematic showing (a) ~1 m 
housing, (b) 248.6 nm laser path to the ice surface, and 
(c) the light return into separate Raman and 
fluorescence spectrometers, and (d) the Honeybee drill 
and deployment system. 

 
WATSON Instrument: WATSON incorporates 

the high-TRL SHERLOC heritage deep-UV 248.6 nm 
laser as an excitation source. Figure 1 provides a sche-
matic of the concept and light path through the instru-
ment. The ~1 m WATSON housing is depicted in Fig-
ure 1a, and will be incorporated into an electromechan-
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ical ice drill under development by Honeybee Robot-
ics. Laser light is co-aligned with the optical path (Fig-
ure 1b) to allow collection of ultraviolet Raman scatter-
ing and fluorescence emissions in a 180° backscatter 
geometry. Collected light is analyzed by separate min-
iature Raman and fluorescence spectrometers (Figure 
1c), each using a 32-channel photomultiplier tube 
(PMT) array as a detector. The Honeybee drill and 
deployment system is shown in Figure 1d. 

  

   
Figure 2. Left: Breadboard testbed of compact 

fluorescence spectrometer. Right: fluorescence 
spectrum of the aromatic amino acid phenylalanine. 

 
WATSON is capable of mapping the interior sur-

face of the ice borehole non-destructively with a depth 
of penetration of approximately 1-2 mm, allowing the 
spatial distribution of any organic material to be deter-
mined. Two motorized stages permit a mapping region 
of 25.4 mm by 200 mm with a 100 µm spatial resolu-
tion. The initial spectrometer design provides a Raman 
spectral resolution of 100 cm-1, and an observation 
window from 700 to 3750 cm-1; sufficient to enable 
detection and separation of the organic fingerprint re-
gion from the Raman water-ice bands, and includes the 
primary bands of several mineral species (including 
carbonates, sulfates, and zeolites). Fluorescence emis-
sion is measured with a 5.5 nm resolution up to 450 
nm, encompassing the fluorescence of aromatic com-
pounds and other organic material, including microbes. 
The spectral resolution is limited by the 32-element 
size of the two PMT arrays, and is an area where future 
improvements may be realized. 

Breadboard versions of the Raman and fluores-
cence spectrometers have been developed, with the 
goal of verifying the expected performance of the in-
strument and conducting experiments on organic and 
mixed ice/organic samples. Figure 2 shows an image of 
the miniature fluorescence spectrometer and the fluo-
rescence spectrum of the aromatic amino acid phenyl-
alanine obtained from the breadboard. 

Figure 3 presents a fluorescence map performed on 
an ice core from Lake Fryxell, Antarctica. An image of 
the ice is shown Figure 3a, alonside a map of 
fluorescence emission from the sample (Figure 3b). 

Two mm-scale sediment inclusions were found to 
exhibit strong fluorescence at 340 nm, an emission 
region characterisitic to some types of organics. 

Field deployments: Several deployments of the in-
strument are planned for the coming years. An initial 
field test in Kangerlussaq, Greenland in March 2017 
will provide an opportunity to test some of the spectro-
scopic and telemetric components of the instrument, as 
well as investigate ice conditions within the borehole. 
2018 and 2019 deployments to Kangerlussaq, Green-
land and Summit, Greenland respectively will demon-
strate full operation of WATSON to a planned depth of 
100 m.  

 Figure 3. Ice core from Lake Fryxell, Antarctica, 
showing (a) sediment inclusions, and (b) a fluorescence 
map of 340 nm emission. 

 
Ongoing work using the WATSON breadboard and 

instrument prototypes before the 2018 and 2019 de-
ployments will involve determining how varying char-
acteristics of the ice impact the instrument performance 
and capability to detect and characterize organic com-
pounds and biosignatures, as well as determining oper-
ational modes which will yield the highest probability 
of detecting organic material. 
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