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Introduction: The InSight (Interior Exploration 

using Seismic Investigations, Geodesy and Heat 
Transport) lander is providing an unprecedented set of 
high frequency records of ground deformations, pres-
sure and wind at the surface of Mars [1]. We explore 
this data set in order to search for infrasound signals 
from impacts in the seismometer data. To do so, we 
use the expected ground deformations induced by 
acoustic waves [2,3]. We describe a method to locate 
impacts using their seismic and acoustic waves. Even-
tually, we discuss the parameters of impact processes 
that can be recovered if such impacts are confirmed 
by orbital imaging of the source location region. 

Dataset: The data used in this study are ground 
velocity records from SEIS-VBB sensors, pressure 
and wind speed and direction from Auxialiary Pay-
load Sensor Suite sensors. Only times during which 
these sensors are operating at high rate (20 sps for 
VBB, 10 sps for Pressure and 0.5 sps for wind) are 
considered. However, the pressure data are excluded 
of this analysis for the three following reasons. First, 
due to power restrictions, pressure data are missing 
for the second Martian year of InSight’s mission. Sec-
ondly, because SEIS is deployed on soft materials we 

expect this sensor to have a better signal to noise ratio 
for pressure perturbations than the pressure sensor 
itself. Eventually, the polarization of the ground de-
formations provides key directional information about 
the expected arrival of pressure waves that a scalar 
pressure sensor cannot provides. 

Using acoustic and seismic waves from impacts 
to estimate a location: As previously demonstrated 
[2,3], after an impact occurs during the Martian night, 
acoustic waves are expected to propagate over long 
distances in the downwind direction due to the pres-
ence of an atmospheric waveguide close to the sur-
face. We explored this impact case further and 
demonstrate that by using arrival times of P, S and 
acoustic waves, combined with atmosphere models, a 
distance estimate can be provided. In addition, the 
polarization direction of the incoming acoustic wave 
can be retrieved from the ground movements. Due to 
low winds during the night, this direction deviates by 
less than 5° from the back azimuth of the source, al-
lowing us to provide a potential location for the im-
pact. This method is tested and validated on full 
waveform synthetics of seismic and acoustic waves 
produced by SPECFEM-2D-DG [4]. 
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Expected constraints on impact processes: If 
such impact locations are confirmed by orbital imag-
ing, we can expect a determination of the true impact 
distance and crater diameter(s). The link between 
these parameters and the amplitude of seismic and 
acoustic waves can be done by using full waveform 
simulations [4]. We demonstrate that the amplitude 
scaling allows us to estimate the seismic moment and 
the acoustic energy release of the impact. In addition, 
the seismic source time function can also be deter-
mined. These relations would provide a scaling rela-
tionship between seismic and acoustic waves created 
by impacts of a given size [5].  

Conclusion: We provide a method to locate im-
pact events using seismic and acoustic waves record-
ed by a single seismometer. This method is validated 
with synthetic simulations of seismic and acoustic 
waves produced by an impact. An exploration of the 
database of SEIS records is ongoing to search for such 
seismic and acoustic signals related to impacts. Once 
a location is confirmed by orbital imaging, we can 
expect a calibration of the scaling between seismic 
and acoustic waves and properties of the impacts that 
create them. Identifying an impact in seismic data that 
is also imaged from orbit would satisfy many im-
portant scientific goals [5]. 
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