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Pilleri3, R. Perez3, P. Bernardi7 and G. Lacombe10 (1U. Malaga, Spain; laserna@uma.es; 2LANL, Los 
Alamos, NM; 3IRAP, Toulouse, France; 4IMPMC, Paris, France; 5APL/JHU, Laurel, Maryland; 6McGill, 
Montreal, Canada; 7LESIA, Paris, France; 8ISAE-SUPAERO, Toulouse, France; 9UC Berkeley, Berkeley, 
CA; 10UVSQ, Versailles, France) 

Introduction: The SuperCam remote sensing 
instrument suite onboard the Perseverance rover 
for NASA’s Mars 2020 is qualified to perform 
laser-induced breakdown spectroscopy (LIBS), 
remote Raman spectroscopy, visible and infrared 
(VISIR) reflectance spectroscopy, acoustic sens-
ing and high resolution color imaging. The archi-
tecture of this multipurpose instrument is due to 
the imperative need to cross-validate the respons-
es of the involved analytical techniques in order 
to define the mineralogy of Martian rocks and 
soils with high accuracy. So far, owing to the 
complementary nature of data from LIBS and 
Raman spectroscopy, these approaches have been 
exploited using data fusion algorithms for an im-
proved categorization of minerals [1–4]. Howev-
er, the different experimental conditions required 
for each phenomena to emerge imply that the 
spectral information usually derives from sequen-
tial laser pulses that do not necessarily derive 
from the same target area. In consequence, ad-
vantages of data fusion strategies cannot be fully 
exploited, as the sources of the merging infor-
mation must belong to the same entity. The Su-
perCam toolkit integrates a microphone that in-
tends to listen to the sound wave linked to the 
shockwave created by the supersonic expansion 
of plasmas generated when the sampling laser hits 
rocks several meters away from the Perseverance 
rover [5–7]. In this case, the correspondence of 
LIBS with the acoustic wave is assured. There-
fore, data merging may result in richer and unique 
data sets that can be used for differentiating un-
known rocks and mineral assemblages benefitting 
from the complementary information provided by 
acoustics and LIBS, while keeping the spatial 
resolution of laser ablation. 

Samples: Six iron minerals were considered 
because of the difficulty in identifying them sole-
ly on the basis of their LIBS fingerprint: ferric 
oxides –hematite (Fe2O3) and magnetite 
(Fe2+Fe3+

2O4)–, ferric oxyhydroxides –goethite (α-
Fe3+O(OH) and limonite (FeO(OH)·nH2O)–, iron-
sulfide pyrite (FeS2) and iron carbonate siderite 
(FeCO3). All the minerals, originally in their natu-
ral form, were cut and conveniently polished to 
avoid alteration of the acoustic signal attributable 
to morphological surface irregularities. 

Instrument Description: Experiments herein 
were conducted inside an environmental simula-
tion chamber able to mimic the atmosphere condi-
tions of Mars. The excitation source, located out-
side the chamber, consisted of a pulsed Nd:YAG 
laser (1064 nm, 10 Hz, pulse width 4 ns). Laser 
pulses were first expanded with a beam expander 
and then guided into the chamber through a vacu-
um viewport window using a mirror. Once inside, 
laser pulses were redirected to and focused on 
samples by a mirror and a lens, respectively. This 
optical configuration led to a spot diameter of ca. 
250 µm at the target surface when located at 
about 2 meters away from the lens. The batch of 
samples ‒with their polished surface oriented 
towards the laser propagation axis‒ was placed on 
the platform of a X linear motorized stage that 
allowed changes in the sampling position. The 
sample holder was housed inside a custom-built 
hemi-anechoic chamber (70×40×40 cm3, 
L×W×H). 

For capturing sounds from laser-induced 
breakdown, a 6 mm pre-polarized condenser mi-
crophone (20 Hz–19 kHz frequency response, 
omni-directional polar pattern, 14 mV.Pa-1 sensi-
tivity) was used. The microphone was enclosed 
within a custom hemi-anechoic tubular chamber 
(50×20 cm L×D). This acoustic suite was quasi-
coaxially positioned to the direction of plasma 
expansion ‒ an angle of about 10˚ was used too-
vercome possible obstruction of the focusing 
lens‒ at a fixed sample surface-to-microphone 
distance of 200 cm. A 24-bit/192 kHz audio inter-
face (UA-55 Quad-capture, Roland) was used at 
sampling rate of 96 kHz for digitalization of 
acoustic waves. Audacity was used to record the 
audios.Simultaneously with the audible events, 
light emitted by the plasmas was collected 
through a telescope. The optical emission detec-
tion system was coupled to the tip of a 2-m long 
bifurcated fiber optic cable - 2×600 μm core. The 
plasma light was guided to the entrance of a mul-
ti-channel miniature 75-mm focal length Czerny-
Turner spectrograph with CCD detection. Under 
this configuration, LIBS spectra ranging from 235 
nm to 595 nm were obtained. Temporal settings 
to gather the plasma light were 1.1 ms gate width 
and 0 μs delay. A total of 300 plasmas were ana-
lyzed for each sample (100 plasma events per 
position at 3 different positions along the surface 
of the mineral). 
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Fig. 1. From left to right: planetary environment simulation chamber; optical train for sending laser pulses and collecting the light 

from the plasmas and microphone for capturing the acoustic waves; anechoic chamber where the samples are housed; batch of 

iron minerals arranged for analysis. 

Results: Principal component analysis (PCA) 
was performed using the normalized LIBS spectra 
to display any variation among the 6 minerals. 
The score plot is shown in Figure 2. The first 
three principal components explained 95% (PC-1: 
84%, PC-2: 7% and PC-3: 4%) of the variations 
among total spectral information. Each point in 
the scatter plot represents one LIBS spectrum. 

Fig. 2. The score plot of first three PCs from PCA on 
LIBS data of 6 iron-based minerals. 

As shown, pyrite seems to be significantly dif-
ferent from the rest of the minerals, perhaps due 
to the absence of oxygen in its composition, ra-
ther than by its sulfur content. For the other 5 
minerals, differences between LIBS signals are 
modest and are close to the variability exhibited 
by the intra- and inter-position LIBS intensi-
ties.These results were though expected due to the 
related LIBS spectra of the iron minerals ana-
lyzed. Similarly Figure 3 shows the score plot of 
the first three PCs from PCA on the normalized 
frequency power spectra derived from the acous-
tic waveforms. In this case, clusters correspond-
ing to pyrite, siderite, limonite and magnetite are 
well differentiated in the graph, with the data 
reasonably well grouped for each mineral. How-
ever, Fig. 3 shows that the acoustic signals do not 
allow to separate goethite and hematite in two 
different clusters. Despite these good results, 
since the acoustic spectrum may be influenced by 
the size and shape of the target, studies to evalu-
ate the effect of sample geometry and size on the 
frequency spectrum are ongoing. 

However, a basic combination of the spectral 
outputs of the acoustic and LIBS sensors like the 
tensorial product of their two mormalized intensi-
ty vectors allows to create a new pattern (2D im-
age) which clearly differentiates the minerals 
being considered. 

Fig. 3. The score plot of first three PCs from PCA on 
frequency spectra of laser-induced sound waves of 6 iron-
based minerals. 

Figure 4 shows the score plot of the first three 
PCs from PCA on the 2D images generated for 
each mineral. The scatter plot compares the three 
2D images for each mineral coming from the 
averaged info gathered from each analized posi-
tion. As seen, minerals are better differentiated 
through the fused data than by comparing exclu-
sively the atomic or the acoustic spectral features 
by themselves. 

Fig. 4. The score plot of first three PCs from PCA on 
fused LIBS and acoustic data of 6 iron-based minerals. On 
the right, example of the 2D image generated from the fusion 
of the LIBS and acoustic information of the siderite ore 
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