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Introduction: Rock coatings are an important 

class of analysis targets for Mars surface missions 
[e.g., 1-2]. They represent the addition of thin (micron 
scale) layers of material to rock surfaces, which often 
comes from sources external to the rock. Importantly, 
rock coatings can be a key indicator for the presence of 
past or extant life [3-9]. The SuperCam instrument 
suite onboard the upcoming Mars 2020 mission [10] is 
highly suited for the study of rock coatings. SuperCam 
will include both a laser-induced breakdown spectros-
copy (LIBS) instrument and a microphone to record 
the sound of laser sparks [11]. By examining both the 
chemistry and acoustic signal obtained by LIBS, the 
presence and nature of a rock coating may be positive-
ly identified. Here we  describe LIBS acoustics exper-
iments performed under a range of martian conditions 
to test whether there is a unique acoustic signal that 
can identify rock coatings and similar thin layers on 
martian rocks.  

Background: The importance of rock coatings. On 
Earth, rock coatings are often associated with microbes 
[e.g., 3]. Microbes may colonize a preexisting rock 
coating [4], or they may themselves form a coating as 
part of their metabolism process [5-6]. Coatings may 
also provide habitats for microorganisms in extreme 
environments [7-8]. Organic material and other biosig-
natures may also be preserved within rock coatings 
[e.g., 9] so that even if no extant life is present, traces 
of its past existence can be discerned. Since one of the 
primary goals of the upcoming Mars 2020 mission is 
to search for materials containing potential biosigna-
tures and cache samples of these materials for a future 
sample return mission, identifying rock coatings with 
Mars 2020 payload instruments is an important goal.  

SuperCam LIBS acoustic data. The SuperCam in-
strument suite will include LIBS, Raman, time-
resolved luminescence, and near-infrared spectroscopy 
instruments. Notably, SuperCam will also include a 
microphone that is synchronized with LIBS analysis to 
record the sound of laser-induced sparks on rocks and 
soils. Acoustic signals are generated by the pulsed 
LIBS laser as it ablates a small (nanograms) amount of 
material on a target, with each subsequent pulse on the 
same location ablating slightly deeper into the target 
surface. Each time the LIBS laser is pulsed on a target 
under atmosphere, an acoustic signal is generated from 
the shock wave produced by the expanding plasma 

[12]. Previous work has shown that rock coatings may 
be discerned in LIBS spectral data if the compositional 
change between coating and rock are significantly dis-
tinct [1]. However, if the coating and rock substrate 
are similar in composition, it is challenging to discern 
the coating using spectral data alone. Initial work to 
demonstrate the SuperCam microphone capabilities 
was done using the SuperCam microphone in the Aar-
hus Wind Tunnel Simulator II in Denmark [13]. Re-
cent work has demonstrated that LIBS acoustic energy 
is related to target hardness and density and can be 
used to assess the ablated volume [11], as well as the 
speed of sound on Mars [14]. Here we examine the 
acoustic signal to determine if it may be correlated 
with changes in material properties as a rock coating or 
layer is ablated. 

Methods: Sample suite. A suite of 13 geologic and 
non-geologic materials was selected for study, includ-
ing metal plates with no coatings, metal plates with 
thin surface layers, synthetic mineral precipitates on 
metal substrates, natural minerals without coatings, 
and natural rocks with natural coatings. These samples 
were selected to provide a range of material properties 
and coatings.  

LIBS acoustic data. A standoff LIBS experiment 
was set up in a large (~2 m long and 1 m diameter cyl-
inder) thermal-vacuum (TVAC) chamber that is de-
signed for testing space hardware under a variety of 
environmental conditions. Samples were placed at one 
end of the chamber opposite the chamber window and 
two microphones were placed on the other end ~1.3 m 
away to simulate data collection by SuperCam on Mars 
from the rover mast. One microphone is a Knowles EK 
series and its associated electronics that is similar to 
the microphone on SuperCam; the other is an 1/8 inch 

 
   Figure 1. Comparison of the LIBS acoustic signal from a  
   sample with no coating (a) and a sample with a coating (b). 
  Both were acquired at a laser energy of 59 mJ/pulse. 
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Brüel Kjær (B&K) calibrated microphone. A Big-
Sky/Quantel class 4 laser operating at 20 Hz and a 
range of energies (11-59 mJ/pulse) was used to pro-
duce a LIBS spark on targets within the TVAC cham-
ber. Acoustic data were collected under Mars atmos-
pheric composition and pressure (7 Torr). Samples 
were interrogated ~200-500 shots per location to ob-
tain compositional depth profiles.  

LIBS spectral data. LIBS spectral data on the sam-
ple suite was collected in the ChemCam test bed in 
Toulouse, France under a martian atmosphere under 
laboratory temperature conditions. Acoustic data were 
collected simultaneously with spectral data under mar-
tian conditions. 

Results and Discussion: LIBS acoustic data. The 
acoustic signal from LIBS was found to be distinct on 
coated and uncoated samples. Results from a steel 
plate are compared with results from the same steel 
type with a 41 µm layer of Cu overlain on its surface 
(Fig. 1). Both plates also had ~1 µm Cr on their sur-
faces to prevent corrosion. For the uncoated steel, the 
sound pressure (Fig. 1a) was initially high in the first 
~5 shots, after which the signal became relatively con-
stant over each subsequent shot. By contrast, the steel 
plate with a Cu coating had a high sound pressure sig-
nal in the ~5 shots that then gradually attenuated over 
the next ~200 shots before the signal became constant 
(Fig. 1b). For both materials, the initial change in 
acoustic signal is interpreted as the signal from the 
laser penetrating the very thin Cr coating on both sam-
ples. For the Cu-coated steel, the shot-to-shot change 
in acoustic signal is interpreted as the penetration of 
the laser through the Cu coating followed by the abla-
tion of the steel layer below. 

LIBS spectral data. Results from concurrently ob-
tained LIBS spectral and acoustic data show that 
acoustic data provides complementary information to 
spectral data that can identify the presence of a surface 
coating in natural rocks (Fig. 2). In a sample of basalt 
with a rock varnish coating (described in detail in [1]), 
the acoustic amplitude (Fig. 2 blue circles) shows a 
sharp change in slope after ~23 shots (vertical line). 
Similarly, the Si peak changes slope at ~23 shots. The 
Mn peak (Fig. 2 red squares) decreases until a slope 
change at ~50 shots. These results suggest that the 
varnish coating was penetrated after ~23 shots; how-
ever, Mn on the crater edge continued to contribute to 
the spectral signal as described by [1]. Si abundance 
reaches a maximum as the coating is penetrated. In this 
case, the coating is spectrally distinct from the rock; 
however, for coatings and rocks that are not spectrally 
distinct, the acoustic data would still provide key in-
formation about the presence of a coating.  

Conclusion: This proof-of-concept study demon-
strates that LIBS acoustics can potentially identify thin 
layers and coatings under Mars-like conditions, and 
may be particularly useful if rock coatings are compo-
sitionally similar to the underlying rocks. Additional 
work is needed to better understand the relationship 
between LIBS shock wave and acoustic signal, in par-
ticular on natural rock surfaces. This new acoustic 
capability will enable the Mars 2020 mission to identi-
fy materials with coatings and other thin compositional 
layers that may potentially contain biosignatures for 
sample caching and future return.  

Acknowledgments: The authors gratefully 
acknowledge support from the Los Alamos Laboratory 
Research and Development (LDRD) program and the 
NASA Mars 2020 program.  

References: [1] Lanza, N.L. et al. (2015). Icarus 249, 
62-73. [2] Marnocha, C.L. (2017). Elements 13, 187-191. [3] 
Marnocha, C. L. & Dixon, J. C. (2014). FEMS microbiology 
ecology, 90(2), 533-542. [4] Wierzchos, J. et al. (2011). 
Geobio. 9(1), 44-60. [5] Northup, D.E. et al. (2010). J. Geo-
phys. Res. 115, G02007. http://dx.doi.org/ 
10.1029/2009JG001107. [6] Parchert, K.J. et al. (2012). 
Geomicrobio. 29(8), 752–766. [7] Kuhlman, K. R. et al. 
(2008). J. Geophys. Res. Biogeosci. 113(G4). [8] Wierzchos, 
J. et al. (2013). Icarus, 224(2), 334-346. [9] Perry, R. S. & 
Kolb, V. M. (2005). NATO Science Series, Subseries 1: Life 
and Behavioral Sciences 366, 120. [10] Wiens R.C., et al. 
(2017). Spectroscopy 32, 50-55. [11] Chide, B. et al. (2019). 
Spec. Chim. Acta B 153, 50-60. [12] Campenella, B. et al. 
(2019). Atoms (7)57, doi:10.3390/atoms7020057. [13] Mur-
doch, N. et al. (2018). Planetary & Space Sci. 165, 260-271. 
[14] Chide, B. et al., this meeting. 

 
Figure 2. LIBS spectral (red and green squares) and 
acoustic (blue circles) data both show the presence of a 
thin layer on a Si-bearing basalt rock with a Mn-rich var-
nish coating. Vertical line indicates a slope change in 
acoustic signal and Si peak area after 23 shots.  
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