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Introduction:  NASA’s InSight mission [1] has for 
the first time placed a very broad-band seismometer on 
the surface of Mars. The Seismic Experiment for 
Interior Structure (SEIS) [2] has been collecting 
continuous data since early February 2019. The main 
focus of InSight is to enhance our understanding of the 
internal structure and dynamics of Mars, which includes 
the goal to better constrain the crustal thickness of the 
planet [3]. Knowing the present-day crustal thickness of 
Mars has important implications for its thermal 
evolution [4] as well as for the partitioning of silicates 
and heat-producing elements between the different 
layers of Mars. Current estimates for the crustal 
thickness of Mars are based on modeling the 
relationship between topography and gravity [5,6], but 
these studies rely on different assumptions, e.g. on the 
density of the crust and upper mantle, or the bulk silicate 
composition of the planet and the crust. The resulting 
values for the average crustal thickness differ by more 
than 100%, from 30 km to more than 100 km [7]. 

 New independent constraints from InSight will be 
based on seismically determining the crustal thickness 
at the landing site. This single firm measurement of 
crustal thickness at one point on the planet will allow to 
constrain both the average crustal thickness of Mars as 
well as thickness variations across the planet when 
combined with constraints from gravity and topography 
[8]. Here we describe the determination of the crustal 
structure and thickness at the InSight landing site based 
on seismic receiver functions for three marsquakes 
compared with autocorrelations of InSight data [9].  

Methodology:  For more than 40 years, receiver 
functions have become a powerful tool to study the 
crustal and upper mantle structure in terrestrial 
seismology [10-12]. The method isolates converted 
phases, either P-to-S conversions in the P-wave coda or 
S-to-P precursors to the S-wave, from teleseismic 
earthquakes by rotation into the ray coordinate system 

and removal of the source-time-function, distant path 
effects, and the instrument response (Fig. 1). The 
relative travel-time of these phases in relation to the 
parent phase contains information on the depth of the 
layer where the conversion originates and the seismic 
velocities above. The receiver functions method has 
also been applied to data from one station of the Apollo 
lunar seismic network, though with different 
interpretations in terms of crustal thickness [13,14].  

 
Figure 1: Schematic illustration of P-to-S phase conversions 
at a discontinuity (a) and corresponding receiver function (b) 

 
We have calculated P-to-S receiver functions for 

three marsquakes and S-to-P receiver functions for two 
marsquakes. All of these quakes are located at 
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comparatively small epicentral distances, between 25° 
and 46°. Results for different processing schemes (i.e. 
filtering, determination of rotation angles, 
deconvolution method) applied by different teams lead 
to similar results. As one of the quake recordings was 
also contaminated by a prominent glitch in the P-wave 
coda, we also compared results for different deglitching 
methods for this event to make sure we only interpret 
reliable phases [15]. 

We also calculate autocorrelation of seismic noise 
records and event codas, which can be used to 
approximate zero-offset vertical reflection response 
[16,17,18] and compare the predicted reflections from 
our receiver function inversions with prominent arrivals 
in autocorrelation functions, as well as comparing with 
published autocorrelation studies of InSight data [19]. 

Results:  We observe consistent phases within the 
first 10 seconds of the P-to-S receiver functions. Within 
this time window, the energy level on the transverse 
component is low, indicating a minor role of anisotropy 
or scattering. At later times, consistency between 
different events and analysts is decreasing. The S-to-P 
receiver functions also show a consistent first phase. 
Later arrivals are harder to pinpoint, which could be due 
to the comparatively shallow incidence of the S-waves 
at the considered distances, which prevents the 
generation of converted waves. Inversions of the 
receiver functions are consistent with either a 2- or 3-
layer crustal model, allowing two possible 
interpretations of the crustal thickness. We also evaluate 
the implications for local crustal thickness at the InSight 
landing site for global crustal thickness [20] and 
consider implications for thermal evolution and 
concentrations of heat-producing elements in the crust 
[21]. 
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