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Introduction:  The Mars2020 Science Definition 

Team (SDT) has highlighted the need for both context 
and fine-scale mineralogy to address the Mission Sci-
ence Objectives A and B of deciphering the geological 
processes and history of an astrobiologicaly relevant 
ancient environment on Mars, and assessing the bi-
osignature preservation potential of this environment. 
The SDT particularly emphasized the need for this 
mineralogy measurement to be nested and co-aligned 
with context imaging and fine-scale elemental chemis-
try. 

SuperCam on Mars 2020 is a suite of four instru-
ments that provide these critical observations via Laser 
Induced Breakdown Spectroscopy (LIBS), Raman 
spectroscopy [1], visible and near-infrared spectrosco-
py (VISIR), and high resolution color imaging, all co-
aligned and at micro-radian angular resolution. Here 
we describe the scientific objectives, the technical im-
plementation and performances of the SuperCam infra-
red investigation. 

Scientific Rationale: Orbital in-
frared spectroscopy has completely 
revolutionized our concept of the 
Martian history and particularly 
demonstrated the presence in the 
past of persistent liquid water at or 
near the surface of the planet. In-
deed, the two infrared instruments, 
OMEGA on board the Mars Express 
spacecraft, and CRISM on board the 
MRO spacecraft have definitively 
identified phyllosilicates [2,3], sul-
fates [4,5], carbonates [6], and zeo-
lites [7,8]. Orbital infrared spectros-
copy has also been very successful 
in identifying various igneous min-
erals [9], mostly within mafic rocks 
with low silica contents, but also 
some rare examples of anorthosites 
[10]. Infrared spectroscopy is also 
very sensitive to organics, even if 
none have been detected so far on 
the surface of Mars using this tech-
nique. Finally, atmospheric dust, 
CO2 and H2O clouds can be efficiently detected and 
monitored at infrared wavelengths [11]. 

Orbital instruments have globally characterized the 
mineralogy of the Martian surface, but have been lim-
ited in their spatial resolution to > 20 meters per pixel. 

The Mars2020 rover will bring down this spatial reso-
lution to 1.3 mm at 2 m distance from the rover to 
completely identify the mineralogy of outcrops, and to 
determine the occurrence and distribution of various 
minerals within the scene. In synergy with context 
imaging, this will allow to better understand the for-
mation and alteration of the landing site, and partici-
pate to the selection of potential biominerals and 
cached samples. Moreover, SuperCam LIBS will par-
tially clear away dust coatings on surfaces within the 
IR FOV to maximize the infrared spectroscopy identi-
fication power. 

Scientific requirements: 
Wavelength range. The LIBS laser operates at 1064 

nm on SuperCam, capitalizing on ChemCam’s high 
heritage telescope design rejecting the laser light. By 
operating the instrument in passive mode (no laser) 
this will allow collection of  data in the ~0.4-0.9 µm 
wavelength range to assist in the identification of iron-

bearing minerals [12].  
Fig.1 Mineral signatures within 

the SuperCam IR range. Data from 
CRISM [13]. 

The SuperCam IR spectrometer 
has been designed to work in the 
1.3-2.6 µm wavelength range to 
identify the following minerals : i) 
Ortho- and chain silicates through 
Fe-related crystal field bands 
around 1.0 and 2.0 µm, the latter 
discriminating pyroxene from oli-
vine; ii) hydrated silicates (mostly 
phyllosilicates), through the first 
harmonics of the fundamental vibra-
tional mode of hydroxyl radical OH 
(1.4 µm) and through the transverse 
vibrational modes of Al-OH (2.2 
µm), Mg/Fe-OH (2.28-2.35 µm) and 
SiOH (2.20-2.5 µm) ; iii) sulfates 
(mono- and polyhydrated) through 
combinations and overtones of OH– 
or H2O bending and stretching fun-
damentals (1.4 µm, 1.9 µm) and 
3ν3(SO4)2–overtone (2.4 µm) ; iv) 

carbonates through overtones and combinations of C-O 
stretching and bending vibrations (3ν3 at 2.3 µm and 
(ν1 +2ν3) at 2.5 µm), v) complex organic compounds 
from absorptions at 1.7 and 2.3-2.5 µm due to various 
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over a relatively long integration time. The pulsed laser approach makes the resulting spectra far 
less subject to high fluorescence and ambient light backgrounds.  

SuperCam’s  Raman   instrument  will   also   detect   and   identify   organic  materials   by   their  
time-resolved fluorescence spectra over 534-900 nm (e.g., [69,70]). Organic and biological 
molecules produce fluorescence both with UV and visible laser excitation with very short 
lifetimes (< 1 ns to 200 ns; e.g., [70-74]). Our time-resolved instrument will be able to 
distinguish short-lived organic fluorescence from that of longer-lived (µs-ms) minerals and rocks 
on Mars, thus identifying targets that have biological molecules embedded in them. In the 
absence of biological materials, SuperCam Raman will not have interference from short-lived 
fluorescence backgrounds.  
D.2.1.3 Visible and Infrared Spectroscopy 

VISIR spectroscopy to ~2.6 µm has demonstrated its 
powerful capability in the detection and identification of 
mineral phases through characteristic absorption features 
related to electronic processes, vibrational stretching and/or 
bending of characteristic molecular bounds (e.g., [75-77]). The 
SuperCam wavelength range (0.3–0.9 µm, 1.3–2.6 µm) 
provides easy identification of most minerals to be found in the 
Mars geological record [78] (Fig. D.2.1.3-1):  

•  Oxides and hydroxides characterized by a large absorption 
through charge transfer extending from the ultraviolet to NIR 
and by narrow features of Fe3+ transitions (0.65/0.85 µm) 
observed in ChemCam passive spectra [4]; 

•   Ortho- and chain silicates through Fe2+ transitions that 
produce large absorption bands around 1.0 and 2.0 µm, the 
latter discriminates pyroxene from olivine; its position strongly 
depends on the crystal chemistry of the pyroxene [79,80]; 

•  Sheet silicates (phyllosilicates, smectite), through the first 
harmonics of the fundamental vibrational mode of hydroxyl 
radical OH (1.4 µm) and through the transverse vibrational 
modes of Al-OH (2.2 µm) and Mg-OH (2.3 µm), [81,82]; 

•  Sulfates (mono- and polyhydrated) through combinations 
and overtones of OH– or H2O bending and stretching 
fundamentals (1.4 µm, 1.9 µm) and 3ν3(SO4)2– overtone (2.4 
µm) [83-86].  

•   Carbonates through overtones and combinations of C-O 
stretching and bending vibrations (3ν3 at 2.3 µm and (ν1 +2ν3) 
at 2.5 µm). The wavelengths of their minima identify major 
cations. Anhydrous carbonates with mostly Mg exhibit minima 
at shorter wavelengths than those with mostly Ca and Fe [87]. 

In addition, VISIR spectroscopy might provide a tool to identify complex organic 
compounds from absorptions at 1.7 and 2.3-2.5 µm due to various combinations of CH2 and CH3 
asymmetric and symmetric stretch [88].  

SuperCam records atmospheric CO2, CO, H2O, O2 (IR and 700-850 nm) and O3 (UV). 
The full spectral range is used to measure scattered light diagnostic of aerosol size distribution, 
composition, and opacity. These measurements will be made by fitting the observed sky radiance 
to multiple-scattering discrete-ordinates radiative transfer models with gas absorption handled by 
the correlated-k method, as has been done with ChemCam [16] in the near infrared and CRISM 
in the SWIR band [89]; cf. [90].  

Fig. D.2.1.3-1. Mars mineral 
signatures over the SuperCam 
IR range; data from CRISM 
[78]. SuperCam also covers 
the 0.4-0.9 µm range. 
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combinations of CH2 and CH3 asymmetric and sym-
symmetric stretch. 

Spectral resolution and signal-to-noise ratio. 
These two requirements are closely intertwined in 
the need to fully resolve the absorption bands and 
determine accurately their center position to dis-
criminate the structure of various minerals. Follow-
ing [14], we chose to set a constant 30 cm-1 FWHM 
within the full spectral range (i.e. 5 nm at 1.3 µm, 
10 nm at 1.82 µm, and 20 nm at 2.6 µm), while 
achieving a SNR of 100:1 for a solar zenith angle of 
30° at Mars aphelion on 0.3 lambertian albedo in 150 
ms of integration per spectral element. 

Spatial resolution: To capitalize on the ChemCam 
heritage, the telescope and the optical fiber design will 
remain identical in SuperCam. This design sets an an-
gular FOV of 0.67 mrad for the IR spectrometer, trans-
lating to a spatial FOV of 6.7 cm at 10 meters, within 
the SDT requirements for context mineralogy and 1.3 
mm at 2 meters, close to the 0.5 mm SDT requirement 
for fine scale mineralogy. 

Calibration Accuracy: The IR spectrometer must 
account for time-dependent, wavelength-dependent 
variations in solar illumination as it is filtered by at-
mospheric aerosols and gases. To prevent artifacts 
from this variable environment to affect the mineralog-
ical identification enabled by the high SNR, a calibra-
tion target mounted on the deck of the rover will real-
ize a relative calibration accuracy of 1% in radiance. 

Investigation design: The SuperCam IR spectrom-
eter is based on the SPICAM-IR spectrometer on Mars 
Express [15]. It is an independent device, linked to the 
telescope objective by a 300 µm core fiber (length < 20 
cm, ChemCam connectors, multi-mode fiber, 0.12 nu-
merical aperture). This optical fiber link requires the 
IR spectrometer to be mounted on the Mast Unit to 
maximize the transmission. A radio-frequency (RF) 
signal drives a transducer, which is attached to the side 
of an Acousto-Optical Tunable Filter (AOTF). Thus, 
for each frequency of the piezo, a single wavelength is 
selected and scattered by ±4° (2 polarizations). The 
main beam is rejected, while both polarizations are 
registered by two HgCdTe (MCT) photodiodes and 
summed (Fig. 2). These MCTs are packaged with a 
triple-stage TEC. The spectrometer is mounted directly 
on the SuperCam Optical Box to passively minimize 
its temperature. The detector TEC can lower the pho-
todiode temperature up to 70°C below that of the spec-
trometer (verified in the laboratory), although a smaller 
delta is required usually. The RF driver is designed to 
independently address 256 wavelengths equally spaced 
at 15 cm-1 to achieve the Nyquist sampling of the 
AOTF 30-cm-1 spectral window. 

Considering the heritage and the simplicity of the 
design, the IR spectrometer provides extremely valua-
ble science, especially at far distances, using minimal 
resources (mass of 600 g and volume of 140×56×45 
mm3, see Fig. 3). 

 
Fig. 3: Mechanical design of IR spectrometer 
The spectral scanning flexibility of the SuperCam 

IR spectrometer will allow various operation modes. 
The scan mode will perform 30° exploration in azi-
muth of limited spectral bands to explore the miner-
alogical diversity of the scene, while raster and fine 
scale modes will explore the full spectral range of spe-
cific targets. 
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