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Introduction: The CanMars 2016 analogue mis-

sion was a partnership between the CSA, and the Cen-

tre for Planetary Science and Exploration (CPSX) at 

Western as part of the NSERC CREATE project 

“Technologies and Techniques for Earth and Space 

Exploration” (http://create.uwo.ca). A rover situated 

in an unknown area in Utah, an often-used analogue 

site for Mars, was controlled by a group of students 

and postdoctoral fellows at Western. The mission 

simulation with MESR (Mars Exploration Science 

Rover), built by MDA, was the most comprehensive 

and realistic analogue missions ever conducted by a 

Canadian-led team [1]. Picking up from CanMars 

2015 [2,3,4], this simulation was run as a training and 

learning exercise in preparation for Mars 2020, a 

Mars Sample Return mission aiming towards identifi-

cation and characterization of rocks that may contain 

signs of life.  

Raman spectroscopy is a fundamental nondestruc-

tive analytical technique for characterizing mineralog-

ical and organic material (separately or in combina-

tion with LIBS or fluorescence) and is to be used in 

upcoming NASA and ESA missions to Mars [5]. 

Here, we report on the Raman investigations of this 

MSR mission, to evaluate the possibilities of Raman 

spectroscopy in this context and subsequently to facili-

tate future in-situ measurement.  

Raman spectroscopy: Raman spectroscopy uses 

monochromatic light, often in the near-infrared (NIR), 

visible or UV range, to exploit the phenomena of ine-

lastic scattering.  

Two portable Raman spectrometers were included 

in the MESR rover payload to simulate the Raman 

spectrometer aspects of SuperCam and SHERLOC 

instruments during the Mars 2020 mission.  

Table 1. Portable Raman used in the mission 

Raman DeltaNu Rock-

hound 

B&W Tek  

i-Raman 

Laser 785 nm 532 nm 

Power 120 mW (max) 50 mW (max) 

Range 200-2000 cm-1 175-4000 cm-1 

Resolution 8 cm-1

-1

 4 cm-1

-1

 

Beam size 75 µm 80 µm 

For daily instrument calibration, a silicon crystal 

slab with a known Raman peak at 520cm-1 was used. 

For data interpretation and processing, the program 

“CrystalSleuth - RRuff” was used [6]. The program 

contains a database of known mineral spectra that was 

compared to the data profiles obtained by the rover, 

facilitating interpretations of the target to better make 

decision about the plan for following sols.  

Results: The search for evidence of life, both ex-

tant and extinct, is one of the most challenging objec-

tives of current analogue missions and future Mars 

exploration. At the locations of interest targeted dur-

ing this mission, Raman spectroscopy detected several 

inorganic and organic materials that may be potential 

indicators of water and life, including sulfate minerals 

(such as gypsum) and carotenoids (such as β-

carotene). Examples of prominent peaks are shown in 

Figure 1 and 2.  

 
Figure 1. Normalized Raman spectrum collected using 532 nm 

laser (green) and 785 nm laser excitation (red) on the soil surface of 

location “Nils”. Both show the intense peak of gypsum around 1008 

cm-1.  

     Gypsum is a hydrated calcium sulfate formed by 

precipitation in aqueous environments. It was detected 

on Mars by in situ spectroscopic analyses by Spirit, 

Opportunity, and Curiosity as well as orbital spectro-

scopic studies [7]. 

 
Figure 2. Normalized Raman spectrum of β-Carotene collected 

using 532nm laser excitation on the surface of target “Hans” after 

abrasion. 

β-Carotene (C40H56) is one of several types of pig-

ments in plants that can absorb UV-C radiation, 

providing partial protection from a harmful UV envi-

ronment as expected on Mars. It acts as a DNA-repair 

agent in radiation-damaged cells and could be pre-

served [8]. Detection of β-Carotene suggests the pres-
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ence of endolithic communities within the rock and 

was easier to detect with the 532 nm laser comparing 

to the 785 nm laser, as excitation coincides with an 

electronic transition in carotenoids resulting in the 

Raman resonance effect which enhances the Raman 

signal significantly [9].  

     Overall, Raman spectroscopy proved to be an es-

sential part of the payload and contributed to the un-

derstanding of the geology of landing site, aided in the 

search for biosignatures, and provided crucial infor-

mation for identifying high priority scientific samples 

for retrieval. 

Challenges: A Raman spectrum is a combination 

of the Raman signal of the interaction of light with 

vibrational modes associated with chemical bonds 

within the sample, noise (e.g., cosmic rays) and a 

baseline. Acquiring good quality Raman spectra with 

high signal-to-noise ratios is critical for data interpre-

tation, but comes with great challenges.  

Intense fluorescence emission induced by the 

wavelength of laser excitation is problematic and often 

resulted in spectra that have lower signal-to-noise 

ratios. The Raman bands are then superimposed on an 

intense sloping baseline, or no Raman bands can be 

discerned on the intense fluorescence background as 

shown in Figure 3.  

 
Figure 3. Raman spectrum collected on the target surface “Gnupa” 

showing hight fluorescence background induced by the 532nm laser 

(green: peak of quartz) and 785nm laser (red: various fluorescence 

bands around 1200-1400cm-1). 

    Fluorescence emission in geological samples can be 

induced by transition metals (e.g., Cr, V, and Mn), 

rare earth elements, and organic material (e.g., ali-

phatic hydrocarbons and low-molecular-mass aro-

matic hydrocarbons). These substances can either be 

present as impurities within the sample, substituted 

into the crystal lattice, or as mixtures present in heter-

ogeneous samples [6].  

In order to minimize interference of fluorescence 

and to achieve sufficient signal-to-noise ratios, differ-

ent laser excitations can be chosen to satisfy various 

objectives of the mission. On NASA's Mars 2020 rov-

er, SuperCam and SHERLOC will both perform Ra-

man spectroscopy with a 532 nm laser and mid-UV 

248.6 nm laser excitation source respectively. 

Further improved quality spectrum with high sig-

nal-to-noise ratios can be acquired by adjusting laser 

power and collecting time.  

Future missions: Raman spectroscopy offers a 

non-destructive, efficient technique for gaining fun-

damental information. It can be useful in formulating 

a comprehensive interpretation of the target when 

combined with other instruments. However, there are 

several issues that need to be taken into consideration 

for a successful future analogue or planetary mission. 

As such, the choice of the most suitable laser is 

critical. This includes excitation with appropriate 

beam size and laser power depending on targets and 

mission objectives, e.g. blue or green lasers can be 

appropriate  for inorganic materials, resonance effects 

and surface enhanced Raman scattering; ultra-violet 

lasers are suitable for resonance Raman on bio-

molecules and fluorescence suppression. We also sug-

gest building Raman instruments that are capable of 

target area mapping with a flexible working distance. 

Well-designed pre-mission tests using a variety of 

samples (e.g., multiple rock-types that contain differ-

ent biosignatures) are essential, to better understand 

the capabilities of instruments, and gain experience in 

acquiring sufficient quality data under diverse circum-

stances and environments. Furthermore, these datasets 

form the basis of a specialized inorganic and organic 

reference library for future missions.  

     Finally, the development of an advanced rover 

built-in software will facilitate a quick and simple 

evaluation of data. A conditional sequencing function 

could offer suggestions on adjusting collecting time 

and laser power based on the former data quality. This 

would enhance the quality of data with little use of the 

daily budget of time and energy. 
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