
After decades of development of the seismic investigation of the Earth and its 
interior and very detailed interior models (e.g. PREM, Dziewonski and 
Anderson, 1981), planetary seismology is still away from providing models with 
such detail for other planetary bodies.

The seismic activity of Mars is however unknown, and meteor impacts, which 
will be both atmospheric and in the mean time surface source, will provide 
useful knowledge. The position of these sources will furthermore be known.

In this study, the shock waves generated by the meteor impacts were 
comparatively studied for the case of the Earth and the Moon. The objective is 
to obtain the major characteristics of the shock wave, which provides solutions 
for the properties of the source, for two different cases, in order to provide in 
the future models by the inversion of seismic data and characterization of 
source processes. 

The examples used are the Chelyabinsk meteor, for the case of the Earth and 
a lunar meteor impact model, for the case of the Moon. The representation of 
the regimes of propagation of seismic source in terms of source duration is 
feasible and thus, seismograms can be calculated.

The process of meteor impact on Earth, Moon and Mars.

Earth : A dense atmosphere exists, the meteoroid rarely reaches the 
surface of the solid planet and the disruption occurs in the atmosphere. 
During the trajectory of the meteoroid in the atmosphere a blast is formed 
and consequently, a shock wave is propagating from the source that is 
placed in the altitude where the disruption occurs.

Moon: The absence of atmosphere permits to the meteors hit the surface 
and thus the shock wave is propagated only in the interior of the planetary 
body.

Mars: An atmosphere that is less dense than the terrestrial permits 
meteors of greater size to reach the surface, whereas the blast is also 
formed.

The shock wave generated by the Chelyabinsk meteor
Chelyabinsk, Russia – 03:20:26 UTC February 15th 2013

Trajectory recorded by private video cameras and satellites
Seismic waves recorded by the Global Seismographic Network

Based on these data:

-  Boroviçka et al. (2013) calculated the near-Earth trajectory of the meteor
-  Tauzin et al. (2013) estimated the surface wave magnitude of the seismic source
-  Brown et al. (2013) provided estimations about the energy released by the superbolide.

In this work, same data but a different methodology used: To estimate both the excitation processes 
and the duration of the seismic source associated to the blast in the Earth atmosphere, the 
methodology proposed by Lognonné et al. (1994) is used.
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Inversion of seismograms by normal 
modes summation,

 depending to the source duration (τ)

Calculating the variance between 
data from 10 stations of GSN, 
filtered between 15-22 mHz and the 
synthetic seismograms of a different 
τ, we obtain the source duration 
where the variance has its minimum 
value.

τ = 8 sec

The duration calculated corresponds to the time during which the wave propagates into a strong non-linear regime. 
Implementing the previously known theory for the meteor impacts (see Edwards 2010) the representation of the distortion 
and the calculation of its altitude is feasible.

Modeled shock wave of a meteor impact

Provided model by iSALE (Simplified 

Arbitrary Lagrangian Eulerian) code
Impactor

velocity: 12 km/2
volume: 7.23 m3

mass: 104 kg
radius: 1.2 m
bulk density: 1388 kg/m3

Half space
material: regolith
volume: 1.7 107 m3

mass: 2.36 1010 kg
radius: 180 m
height: 167.8 m
bulk density: 1388 kg/m3

Representation of impact modeling techniques.
Collins et al., 2013

Representation of the pressure variation in the half space the first 
msecs after the impact. Some unwanted features, as a zone of 
artifacts and a wave propagating towards the source appear.

The data were obtained in a grid corresponding to the gray plan of the 
figure above. The symmetry is considered to be cylindrical. Every cell 
has size 0.2 m x 0.2 m whereas the whole grid covers a surface 167.8 in 
depth and 180 m in length. The impact point is considered as x=z=0.

Representation of the pressure variation in respect 
with the distance from the source. Darker colors 
correspond to earlier time as light ones represent 
later. By this figure we deduce that the regime of the 
propagation of the wave doesn’t change strongly until 
0.1 sec after the impact.

I n o r d e r t o d e s c r i b e t h e 
propagation of the infrasonic 
wave, generated by the explosion 
of the meteoroid in a certain 
alt itude, the concept of an 
observer is adopted.

The transition occurs in the 
altitude where the distance 
between the observer and the 
shock wavefront (dr) becomes 
smal ler than the distort ion 
distance which is given by 
ReVelle, 1976 as:

d ' = csτ1
34.3Δp

p
cs: the local ambient thermodynamic sound speed
τ1: the weakly non-linear shock wave period
Δp/p : The ratio of the overpressure generated by 
the infrasonic wave and the ambient atmospheric 
pressure

d’ > dr 

T h e v a r i a t i o n o f t h e r a t i o Δp / p 
(overpressure over the ambient pressure) 
of the shock wave with the distance that it 
travels is shown in this figure with the black 
line. The dotted line represents this 
variation during the non-linear regime, 
whereas the dashed line represents the 
linear. Between the two gray lines, the 
transition occurs, and the propagation of 
the wave is characterized by a weakly non-
linear regime.

The transition distance is shown in gray color 
whereas the remaining distance to the observer is 
represented by the black curve. The altitude of the 
transition zone is indicated with the dashed line 
and corresponds to the point where the gray curve 
starts being characterized by values greater than 
these of the second one. 

Comparison
The ratio of the overpressure and the 
ambient pressure (Δp/p) is shown 
with respect to the propagation 
distance in these figures, 
representing the fall of a meteor with 
radius 1.2 m and velocity 12 km/s 
falling on Earth and on the Moon. On 
the left, the variation of this ratio in 
the atmosphere of Earth is shown and 
the wave propagates until the first 
vertical line into the non-linear 
regime, then passes until the second 
vertical line into a weakly non-linear 
regime, and finally propagates into 
the linear regime. On the right, the 
ratio Δp/p in the solid part of the 
Moon is shown, with the vertical line 
indicating the pass from the non-
linear to the weakly non-linear 
regime, while the task to define the 
pass to the linear regime is not 
feasible, as there are not more data 
to indicate the variation of the slope of 
the curve after the last point that 
represent t=0.1 sec. 

Last step: Get Mars Data where the two effects will be combined
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