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Introduction: The InSight mission has been recording
seismic signals on the surface of Mars since early 2019
and whilst meteorite impacts were expected to contribute
significantly to Martian seismicity, identifying impact-
generated signals in the data and distinguishing them from
other sources has proven challenging. The seismic sig-
nature of impacts, including the frequency content of the
seismic waves they may produce, have so far been poorly
constrained, primarily due to lack of observed data.

In this work we constrain the frequency content of
meteorite impacts at short distances (∼780 m, ∼10-100
crater radii), as a function of impact properties, using a
small uniform asteroid as a target. Our results will aid
the efforts to identify impacts in InSight seismic data and,
in the case of a candidate crater image being captured, to
connect the crater properties to the seismic signal.

Modelling: We used iSALE2D [1–3] to simulate a
suite of impacts onto a small, uniform asteroid. Whilst
impacts onto planetary surfaces are often modelled in a
half-space mesh geometry, using a spherical target allows
us to track the seismic wave for a longer period of time,
without producing reflections from a nonphysical bound-
ary. We measured the displacement of a virtual seismome-
ter at the equator of the asteroid and used the signal to
produce a frequency spectrum and examine its sensitivity
to several impact parameters: impactor size and velocity
and target material.

We simulated three impactor diameters at 100 m/s: 4 m,
16 m and 60 m. The slow impact speed was chosen based
on the numerical experiments of [4], where the elastic re-
sponse of the target was examined. Additionally, to ex-
amine the sensitivity to impact velocity, the 4 m impactor
was simulated at 800 m/s and 6400 m/s.

The asteroid and the impactor were both modelled as
uniform spherical bodies. The typical resolution of the
impactor was 10 cells per projectile radius (cppr). The as-
teroid’s diameter was kept constant at 1 km, and hence the
total number of cells in the simulation domain was depen-
dent on the size of the impactor. An example simulation
setup is shown in Fig.1.

To test the frequency spectrum response we adopted
three target materials: bedrock (non-porous), fractured
bedrock (25% porosity) and regolith (44% porosity). All
three material models were previously used to model
small impacts onto planetary surfaces [5, 6].

Figure 1: The seismic wave propagating through the sim-
ulation mesh for one of impact scenarios of a 4 m impactor
striking a 1 km rocky asteroid at 100 m/s. The probe (seis-
mometer) is marked with a blue dot at the equator.

All materials were modelled using a Tillotson equa-
tion of state for basalt [7] with reference density of ρ0 =
2860 kgm−3 paired with an ϵ − α compaction model to
describe porosity in the porous materials. Additionally,
the ROCK strength model [2] was used in the intact and
fractured bedrock cases, and Lundborg strength model [8]
was used in the porous regolith case. The impactor was
modelled using the intact bedrock material model in all
simulations.

Results: We calculated the frequency spectra using a
Fast Fourier Transform of the displacement time series
recorded 2 m under the surface at the equator of the as-
teroid (∼780 m from the source).

We fitted each displacement amplitude spectrum with
the following expression [9, 10]:

A(f) =
A0

1 + f2

f2
c

, (1)

where A0 is the low frequency limit of the amplitude spec-
trum and fc is the corner frequency of the spectrum. A0

and fc are found for each impact scenario using a least
squares fit.

The effects of each of the impact properties investigated
are shown in Fig. 2. We make the following observations:

• Increasing impactor size reduces the corner fre-
quency.

• Increasing impact velocity also reduces the corner
frequency.

• Impacts onto more porous targets produce lower fre-
quency spectra.
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Figure 2: The effect of: (a) impactor size, (b) impact
speed and (c) target material, on the frequency content of
the near-field signal produced by simulated impacts. The
solid lines represent the vertical component and dashed
lines represent the horizontal component.

The spectra for the horizontal (parallel to the surface)
and vertical (perpendicular to the surface) components are
very similar, with slightly more energy in the vertical di-
rection (with the exception of the 4 m impactor where the
opposite is true).

Discussion and Conclusions: The impact scenarios
we modelled here produce frequencies up to 100 Hz in
the near field, with large portion of the energy at frequen-

cies above the bandwidth of SEIS [11]. However, in com-
parison to scenarios most likely to occur on Mars they
are considerably larger and slower - the range of diame-
ters expected to occur most frequently is sub-metre and
average meteorite velocity at the top of Martian atmo-
sphere is ∼11 km/s. The passage through the atmosphere
significantly reduces both the mass and speed of the im-
pactor, resulting in impact velocities between 1 - 6 km/s
[5]. Hence the impacts of the most interest for InSight
produce craters between few - few tens of metres in diam-
eter. For example, for an impact of a ∼20 cm wide pro-
jectile at 4 km/s onto porous regolith (crater diameter ∼5-
7 m), we can expect the corner frequency to be reduced
∼40 times due to the effect of increased velocity, and in-
creased ∼20 times, due to the decreased impactor size.
Overall the vertical corner frequency can be expected to
be approximately half the corner frequency for the sim-
ulated scenario of a 4 m wide impactor at 100 m/s onto
regolith target - approximately 0.75 Hz. For the same im-
pact in bedrock, the estimated corner frequency at short
distances would be approximately 12.5 Hz. Propagation
over large distances will attenuate the highest frequencies,
so the signal recorded at a receiver such as InSight is likely
to mostly contain lower frequencies.

Preliminary results show that the frequency content of
seismic signals generated by meteorite impacts is strongly
related to the impact parameters. We have introduced a
two-parameter approximation of a near-field signal, and
further work will allow us to constrain the dependence of
each parameter on impact properties. This will allow us
to generate synthetic signals for other impact scenarios.
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