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Introduction. As part of the NASA Mars 2020 payload, 
the SuperCam instrument suite will include a micro-
phone to support the Laser Induced Breakdown Spec-
troscopy (LIBS) investigation of soils and rocks on 
Mars [1,2]. The primary purpose of LIBS is to investi-
gate at remote distances the elemental composition of 
Mars, thanks to a pulsed laser (15 mJ, 5 nsec) and the 
spectral analysis of the plasma that is created when the 
laser beam is focused to achieve >1 GW/cm2 irradiance. 
The ablation also generates a very sharp pressure wave 
(the “LIBS shock wave”), which accelerates supersoni-
cally for a few hundred nsec. Because it is so sharp 
(µsec), the acoustic wave is broad band and contains no 
effective spectral information. However its overall in-
tensity is proportional to the mass of ablated materials 
[3] and will reveal some unique physical properties (this 
study) of the targets probed with LIBS. 

While this study gives results at ambient pressure, 
the ultimate purpose is to calibrate the laser impacts 
sounds on various rocks for future studies supporting 
the SuperCam Mars microphone. The ChemCam [4] 
Engineering Qualification Model in Toulouse, France, 
is used in this study to generate the plasma and to collect 
LIBS spectra. An external, remotely located micro-
phone and its suite of ground support equipement is 
added for this study. Samples are in open air, at 1.80 m 
from ChemCam telescope and 50 cm from the micro-
phone.  
Acoustic data. We use a 1/2” microphone from Brüel 
& Kjær (B&K, type 4165) with a sensitivity of 51.9 
mV/Pa, a band pass 2.6 Hz – 20 kHz, and a dynamical 
range from 20 to 140 dB. The low signal-to-noise pre-
amplifier is also from B&K (type 2669). The micro-
phone sensitivity is calibrated for 1 Pa at 1 kHz, which 
corresponds to 94 dB. An oscilloscope records the sig-
nal at 5 MHz.  

Acoustic data are time series recordings in volts and 
converted to Pa. For each laser shot, the RMS acoustic 
pressure P is calculated from the quadratic sum of the 
signal amplitude in Pa, and turned to Sound Pressure 
Level (SPL) in dB: 𝐿𝐿𝑝𝑝 = 20 log10 �
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P0 = 20 µPa is the reference sound pressure. ∆t is the 
sampling resolution, T the duration of the signal.  
LIBS data. The laser unit is maintained at a controlled 
temperature of -10°C in a climate chamber. The laser 

beam (14 mJ, 5 nsec) exits the chamber horizontally and 
is directed vertically downward by a mirror at 45°. This 
mirror is adjustable to be able to move the LIBS spot on 
the target. The laser spot size on target is ~300 µm. The 
spectrometers are at room temperature. They record 
LIBS spectra from 240 nm to 900 n, with a gap around 
345 nm. For this very particular study, we use the RMS 
spectral intensity in dB: 𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 20 log10 �
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∆λ is the resolution in nm, λmax = 905 nm, the upper 
bound of the VNIR spectrometer, λmin = 240 nm, the 
lower band of the UV spectrometer. 
Samples and variables. Several targets have been se-
lected for their shape and size, surface roughness, and 
hardness (Mohs scale). For this study, none of these tar-
gets are certified or even pure. The hardness value is ap-
proximate: (i) Talc (clay mineral composed of hydrated 
magnesium silicate; hardness 1), coarse surface. (ii) 
Calcite (calcium carbonate; hardness 3), powder, coarse 
and smooth surfaces. (iii) Marble (metamorphic rock 
composed of recrystallized carbonate minerals, most 
commonly calcite or dolomite; hardness 3 – 4), plates of 
different sizes. (iv) Dolomite (calcium magnesium car-
bonate; hardness 3.5 – 4), coarse and smooth surfaces. 
(v) Basalt (fine-grained igneous rock; hardness ~6), 
coarse and smooth surfaces. (vi) Mars soil simulant [5]: 
pressed powders at 2 tons, 3 t, 4 t, 6 t, 8 t, 10 t, and 15 t. 
The samples have been placed on foam or directly on 
the concrete floor. Once we verified that this had no ef-
fect, they were placed directly on the foam. 

On each target, one or several bursts of 10 (or 150 
shots) are acquired at 3 Hz. For each laser shot, a LIBS 
spectrum is obtained together with an acoustic record-
ing. The only other variable is the focus quality of the 
laser beam, which was systematically varied around the 
best focus position.  

Results. The intensity of the acoustic signal is inde-
pendent of the sample orientation with regards to the la-
ser beam. This is important for further in-situ measure-
ments. On the contrary, it depends on the target rough-
ness that has to do with the plasma generation efficiency 
by the laser.  
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The intensity is plotted (Fig. 1) as a function of the 
pressure applied to JSC pressed powders: as shown the 
more compact the target, the higher the acoustic level. 

 
Fig. 1: Acoustic signal for different pressed powders. 

The intensity decreases with the number of laser 
shots (Fig. 2). The starting point is higher for larger 
hardness, but we cannot exclude that to be biased by the 
focus quality. More important is the slope, that is indeed 
related to the target hardness. On (soft) calcite, the dis-
persion is also larger than on the other targets. 

 
Fig. 2: Acoustic signal for different targets as a function of the 
shot index in series of 150 shots. 

 
Fig. 3: Acoustic signal for two long series of laser shots on 2 
t and 15 t pressed powders. 

It takes many more shots (Fig. 3) to approach satu-
ration in depth [not shown] and intensity of the acoustic 
signal. The intensity of the LIBS plasma lines, after con-
tinuum removal, is also a linear function of the acoustic 
signal (Fig. 4) with slopes that are related to the target 
hardness. 

 
Fig. 4: The RMS spectral intensity, as defined above, and 
acoustic signal intensity for 2 different targets. 
Discussion. There is not an extensive literature on the 
systematic study of LIBS-induced pressure wave, or the 
experiments only apply to very specific conditions [6,7]. 
It is known to be proportional to the amount of ablated 
material [3]. In addition, the efficiency of the coupling, 
a major contribution to the ablated mass, is related to the 
plasma temperature, which itself is proportional to the 
Vickers hardness. This study seems to close the loop, 
showing that the acoustic signal is propotional to the tar-
get hardness. 

Perfoming many laser shots is a way to penetrate 
deeper into the samples [4]. However, after several tens 
of laser shots, the rate of penetration levels off [8] be-
cause of the conical shape of the LIBS pits, the amor-
phisation of their slopes, and also the confinement of the 
plasma itself. This study shows that the intensity of the 
acoustic signal decreases during depth profiles, follow-
ing a slope that depends on target hardness. 

These initial results show how useful a recording of 
the shock wave during LIBS acquisition will tell us 
about the target hardness and other mechanical proper-
ties that are otherwise unknown at remote distances. 
This information will certainly help the interpretation of 
LIBS signals, specially for volatile elements such as H.  

References: [1] Maurice, S. et al. (2015) Science Objectives of the 
SuperCam Instrument for the Mars 2020 Rover. 46th LPSC, #1832. [2] 
Maurice, S. et al. (2016) A microphone supporting LIBS investigation 
on Mars. 47th LPSC, #3044. [3] Chaléard, C., et al. (1997), Correction 
of matrix effects in quantitative elemental analysis with laser ablation 
optical emission spectrometry, J. Anal. Atom. Spectrom. 12, 183–188. 
[4] Wiens, R. C., et al. (2015), ChemCam: Chemostratigraphy by the 
first Mars microprobe, Elements 11, 33-38. [5] Allen, C. C., et al. 
(1998) Martian Regolith Simulant JSC Mars, 29th LPSC, #1690. [6] 
Stauter, C. (1997) Laser ablation acoustical monitoring, Appl. Surf. 
Sc., 109, ). 174. [7] Conesa, S. et al. (2004) Acoustic and optical emis-
sion during laser-induced plasma formation, Spectrochem. Acta, Part 
B, 1395. [8] Maurice S. et al. (2016) ChemCam activities and discov-
eries during the nominal mission of the Mars Science Laboratory in 
Gale crater, Mars, JAAS, 4, p. 823. 

2647.pdfLunar and Planetary Science XLVIII (2017)


