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Introduction:  The InSight lander successfully de-

livered a geophysical instrument package on the Mar-
tian surface on November 26th, 2018, including a 
broadband and a short-period seismometer (Seismic 
Experiment for Interior Structure, SEIS). The seismic 
instrument package is specifically designed to record 
marsquakes and meteoritic impacts in Martian condi-
tions [1]. Routine operations are split into two services: 
the Mars Structure Service (MSS) and the Marsquake 
Service (MQS that are responsible for defining struc-
ture models and seismicity catalogs, respectively [2, 
3].  

The first “deliverable” of the MSS will be a model 
based on the events detected during the first 3 months 
of seismic monitoring of the mission, for which only a 
few quakes might be expected based on current esti-
mates of Mars seismic activity. To test our approach of 
determining the interior model of Mars and to prepare 
the InSight science team for data return, we made use 
of a “blind test” time series for which the Marsquake 
parameters (location, depth, origin time, and moment 
tensor) and interior model were unknown to the group 
at large. 

Blind test data:  In preparation for the mission, the 
goal was to develop mature algorithms to handle the 
data as efficiently as possible. Synthetic seismic wave-
forms were computed in a 1D mantle model with a 3D 
crust on top using AxiSEM [4] and Salvus [5]. Time 
series were created by adding seismic noise based on 
pre-landing estimates of the instrument at the landing 
site. It includes noise generated by the sensors and 
electronic system, environment, and nearby lander [6, 
7, 8].  

To characterize what we could learn about Mars in-
terior structure with a single station and a single (first) 
seismic event, we performed inversions of synthetic 
data following a “blind test” process, where the interior 
model was unknown to all involved team members. 

Inversion methods:  We detail and compare the 
results of this “blind test” using 4 different methods 
that we shall abbreviate MD, EB, CH, and AK, respec-
tively. The inversions rely mostly on Bayesian tech-

niques to obtain robust estimates of interior structure 
parameters. The methods include inversion of surface 
wave dispersion data (EB), body waves and surface 
waves arrival times (MD and AK), and waveforms 
(CH).  

Effects of fixing marsquake location and origin 
time are investigated, as is the effect of using a fixed 
vs. flexible Vs parameterizations. To allow for tighter 
constraints, we also test the use of thermodynamically-
constrained priors (AK) [9].  

Results: Vs profiles retrieved by each of the 4 
methods are shown in figure 1, where mean Vs profiles 
and associated standard deviation are shown in figure 
2a. A strong feature common to all the distributions is 
a mean Vs value of approximately 3.2 km/s in the first 
40 to 80 km (figure 2a).  

The MD distribution (figure 1a) is fairly spread out 
compared to the model solution ranges, because loca-
tion and origin time of the quake is also inverted for. 
Between 60 and 120 km a bimodal distribution is ob-
served which should indicate the presence of a discon-
tinuity, but its location is not clearly constrained. The 
distribution of the EB and CH methods (figures 1b and 
1c) are narrower because the location and origin time 
of the quake are fixed to the MQS estimate. The EB 
and CH methods retrieve discontinuities at 45 and 65 
km, respectively, which are considered representative 
of the Moho discontinuity. The results of the AK 
method (figure 1d) show a stronger discontinuity be-
tween 60-80 km depth and a shallower discontinuity 
near 10 km depth. Model variability is clearly more 
constrained in the case of AK and reflects the tight 
bounds imposed by thermodynamic constraints. 

The differential arrival times between minor-arc 
Rayleigh wave group arrivals and the P wave arrival 
for the sampled models of each method are displayed 
in figure 2b. The values are in good agreement be-
tween 10 and 40 s, but diverge at longer period. 
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Figure 1. Probability density functions of the Vs profiles 

as a function of depth for 4 different methods developed by 
the MSS. Blue and red values in (a)-(c) show low and high 
probability density, respectively. Black lines correspond to 
the minimum and maximum allowed values. Models plotted 
in (d) show all accepted models.  

Discussion: While there is good agreement be-
tween the mean velocity profiles across the different 
methods developed by the MSS, there is less agree-
ment on depth and magnitude of a discontinuity. These 
differences reflect a number of issues in the inversion 
process: (1) variable vs. fixed source parameters; (2) 
type of seismic data used; (3) choice of parameteriza-
tion and prior information; and finally (4) definition of 
misfit function. 

The techniques considered here form the core part 
of the planned modeling of the MSS that will be ulti-
mately employed with the first recording of a seismic 
event by InSight. The true model used to build the 
“blind test” data will be available soon to finalize our 
comparison review. 

 
 

 
Figure 2. (a) Mean Vs profiles (solid lines) and standard 

deviation (dashed lines) for each of the distributions shown 
in Figure 1. (b) Mean and standard deviation of the differen-
tial travel time between minor-arc Rayleigh wave group arri-
val times and P wave arrival time as a function of period for 
each method. Observations (based on MQS measurements) 
are shown in black.  
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