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Scientific objectives: The SEIS Seismometer will 

study the seismic activity of the Planet and frequency 
of meteorites impacts. These seismic events will be 
characterized by their approximate distance and azi-
muth, as well by their magnitude. The seismometer 
will also allow also to characterize shallow and deep 
interior of the planet, and especially the water envi-
ronment as a function of depth in the deep subsur-
face, the crustal thickness of the landing site, the core 
size and possibly, if the seismic activity is between the 
middle and upper bound of present estimates, the man-
tle structure.  The sensitivity and noise floor of the 
seismometers in the expected Martian environment are 
such that the detection of about 20 quakes with Ms 
magnitude from 4 to 5 and 10-20 impacts per year are 
expected for a mean model of seismic activity; our 
working hypothesis is based on the thermoelastic cool-
ing of the lithosphere, which does not consider any 
tectonic activity possibly related to volcanoes. 

 

 
Fig 1. The Seismometer Breadboard 
(IPGP/CNES/SODERN) 

 
Instrument Configuration: The SEIS seismome-

ter is based on an hybrid 4 axis instrument, composed 
of 2 Very broad Band (VBB) sensors and 2 Short Pe-
riod (SP) sensors and has a mass of about 2000 gr, 
including all margins.  This design reflects a signifi-
cant mass reduction compared to design studied by 
previous ESA projects (i.e. MarsNet and InterMars-
net), while offering very little science return reduction 
as compared to a more classical 3 VBB +3 SP design. 

  
Signal to noise ratio study 
The objectives of this section is to show that scientific 
requirements will be met with a sufficient signal to 
noise ratio by the instrument. We will therefore focus 
on the three main seismic signals : 

 
- Long term signals     : Mars modes 
- In bandwidth signals: Marsquakes 
- Short Period signals: Asteroid impacts 

 
For each kind of signal, we will show that signal to 
noise ratio are met with a sufficient margin. The VBB 
sensor performance (in red below) is in principle 
equivalent to a terrestrial field sensor (STS-2 type), 
which weights 13 kg. The resulting equivalent noise in 
acceleration (homogeneous to measurement) is shown 
in the adjacent figure. The VBB noise is self-noise. It 
is based on the measurement of the properties of the 
various SEISMOMETER subsystems. Environmental 
noise impact is not detailed here. (except for the ther-
mal noise). The black curve presents the target SP 
noise. 

 
 

Figure 2 SEIS noise (Red : VBB self noise Black SP target 
noise) 
First we will present low frequency performances: 
Mars eigen-modes measurements. The following fig-
ure presents the signal to noise ratio for low fre-
quency measurements. All amplitudes are given for a 
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quake of moment 1018 N.m recorded at 90° of the sta-
tion. 

 
Figure 3 Mars Eigenmodes vs. VBB noise (input) 
In Blue Self Noise of the instrument – In red thermal 
noise with 0,1 micron per K sensitivity (target)- Night 
noise 

 
Figure 4 Mars Eigenmodes vs. VBB noise (input) 
In Blue Self Noise of the instrument – In red thermal 
noise with 1 micron per K sensitivity (Measured)- 
Night noise 
 
In order to assess the impact of the temperature noise 
on the instrument performances, we took as a reference 
the temperature profiles as recorded by Viking and 
Pathfinder. These temperatures are converted to accel-
eration noise using the actual sensitivities of the SP 
and VBB instruments, as well as the performance of 
the temperature shielding. The red and blue plain 
curves are, respectively, the temperature noise of the 
SP (expected), VBB (measured on the breadboard) 
with unshielded sensors (i.e. without sphere shield for 
the VBB).In both case, we assume (like on Earth) that 
the temperature decorrelation is able to correct 90% of 
the temperature correlated signal for period largers 
than 30s. The blue (SP) and red (VBB) dashed curves 
are those of the shielded instruments. For the VBB, the 

dotted curve is the expected noise level when the inter-
nal compensation motor is used  
 
The flat parts are associated with the self-noise level of 
the instruments. We see that for the VBB, a thermal 
noise level of less than 5-×-10-10 ms-2/√Hz is achieved 
in the body waves frequency bandwidth (0.1-10 Hz), 
while the thermal noise is below the SP noise (5-×-10-9 
ms-2/√Hz) in the SP bandwidth (0.1-100Hz). In the 
band of regional surface waves (5 mHz-0.1 Hz) a 
thermal noise below 10-8 ms-2/√Hz will be achieved. 
Note that these noise levels are for the upper limit of 
temperature fluctuations (purple curve, left figure) and 
that measured temperatures on Pathfinder during the 
night were one order of magnitude smaller (green 
curves). 

 
Figure 5: Left, amplitude spectrum of the tempera-
ture on Mars, as recorded by Viking (blue and red 
curves), and Pathfinder (red, magenta and green 
curves). 

 
Figure 6: Sphere thermal shield impact on SEIS 
Noise: in plain curve, decorrelation only – In dashed 
impact of thermal shield on vertical performance – In 
points target VBB thermal sensitivity - day 
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Figure 7 Simulated MarsQuake vs. Instrument noise 
The figure (Magenta curve) presents a typical Earth-
quake M=4.5 magnitude, with a signal peak in the 
velocity plateau of the passing band.  This earthquake 
is equivalent to a distance of about 1000 km on Mars. 

 
The red curve presents a typical terrestrial back-
ground noise. In blue the seismometer sensitivity. 
The margin with respect to the signal to the foreseen 
noise can either be interpreted as a “distance” (the 
seismometer can measure farther Marsquakes) or a 
“magnitude” margin (the seismometer can measure 
smaller earthquakes). 
 
This last figure presents the performance with respect 
to upper frequencies range (from 10 s to 10 Hz) 

 
Figure 8 Meteorite Impact vs. Instrument noise 
(input) 
 
We have chosen lunar artificial impacts recorded by 
the Apollo seismometers, at various distances, to 
simulate the fall of a Meteorite on Mars. The momen-
tum impact (known as impacts have been done by ar-

tificial objects) has been normalised to 107 N.s; it 
corresponds to a one-ton fall at 10 km/s. 
 
The original signal has been inverted by the Apollo 
seismometer transfer function to produce an original 
acceleration profile.  
Several fall distances are presented, ranging from 70 
to 1000 km. 
 
The performance of the VBB is presented in continu-
ous black line; the expected performances of the SP 
are presented in dashed black. 
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