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     Introduction: The seismicity of a terrestrial planet 
depends on the state of strain within that planet. The 
amount of strain that has accumulated is itself 
dependent upon the thermal evolution of the planet 
which is governed by how heat is dissipated. At some 
point the accumulated strain causes material failure 
that produces a disturbance which travels from the 
point of origin through the planet as seismic waves. 
The disturbances propagate directly to the recording 
station as P- and S-waves and as reflected and 
refracted phases that have interacted with internal 
boundaries or the surface (e.g., PP, PPP, SS, and SSS). 
Our current knowledge of the internal structure of 
Mars derives from a combination of observations made 
in-situ, from orbit, and through experimental and 
geophysical studies [1-4]; yet details remain 
perfunctory. With the deployment of a seismometer on 
the surface of Mars as part of NASA’s InSight mission 
[5], the Seismic Experiment for Interior Structure 
(SEIS) [6] has been collecting continuous data since 
early 2019. The primary goal of InSight is to improve 
our understanding of the internal structure and 
dynamics of Mars, in particular that of the mantle [7]. 
Here we describe preliminary constraints on the 
structure of the mantle of Mars based on inversion of 
seismic body wave arrivals from a number of 
marsquakes [8]. Mission overviews are presented in 
[9,10]. 
 
     Methodology:  We consider 8 of the largest 
(moment magnitude is estimated to be between 3 and 
4) low-frequency events with dominant energy >1 Hz 
[11] for which P- and S-waves are identifiable (Figure 
1), enabling epicentral distance estimation [12]. The 8 
events occur in the distance range 25-75 degrees. Body 
wave arrivals (main P- and S-waves and surface 
reflections PP, PPP, SS, SSS) are picked using 
complimentary methods: visually inspection of 
narrow-band filtered time-domain envelopes,  
polarisation filtering and vespagrams, and waveform 
matching. The resultant set of differential travel times 
(PP-P, PPP-P, SS-S,…) are subsequently inverted for 
radial profiles of seismic P- and S-wave velocity and 

epicentral location of the events. To determine interior 
structure, we rely on two independent methods: a 
“traditional” seismic parameterization, wherein the 
model is delineated by a set of layers of constant P- 
and S-wave velocitiy, and a geophysical 
parameterization that combines phase equilibria, 
seismic properties, and thermo-chemical parameters 
[4]. Complimentary approaches are presented in [13]. 
 

 
Figure 1: Vertical component seismograms, including 
envelopes for five events with visible P- and S-wave arrivals  
``G" denotes glitches, i.e., impulsive signals originating from 
the instrument assembly itself due to large daily temperature 
variations [14].  
 
      Results: We present a preliminary radial velocity 
model for the upper mantle of Mars, with implications 
for the thermo-chemical evolution of the planet that 
match a cooling, differentiated body, and a thick 
lithosphere. Based on the location of the events, we are 
able to constrain structure well into the upper mantle 
(>300 km). Our estimate of the average crustal 
thickness as seen by all events is compatible with the 
local crustal thickness at the InSight landing 
determined from observations of converted phases [15, 
16]. Finally, we also consider implications for thermal 
evolution and present-day surface heat flow [17,18]. 
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