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Overview

Seismic Efficiency

The seismograms generated by meteorite
impacts on Mars are thought to be a
fundamentally important means of exploring the
planet’s interior. However, the impactor
properties required to yield a signal measurable
by InSight are poorly constrained.

Seismic efficiencies were calculated as the ratio of the total energy
in the seismic wave and the initial kinetic energy (equation 1
[3][4]). The ratio was computed at each of the gauges shown in
Fig. 1. The trace of the pressure wave is shown in Fig. 2, along
with d𝑡 (defined as the full width at half the maximum) and peak
pressure annotated. Once the pressure wave reaches the elastic
regime k becomes a constant (Fig. 3). The final value of k was
calculated by averaging the three final gauges.

To address this issue we take a forward modelling
approach to explore seismic efficiency (k), seismic
moment (M), and their relationship with
impactor properties, more specifically velocity,
size, kinetic energy and momentum.
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Conclusions:
o Seismic efficiencies were found to lie in the
range 5×10 –6 – 1×10-4.
o This is smaller than current numerical
estimates for Martian m-scale impacts,
although higher than values for artificial
impacts on the Moon of similar energy [6].
o In general k appears to decrease with initial
impact energy (Fig. 5).
o Seismic efficiency also correlates strongly
with impactor momentum.

iSALE simulations
We use shock physics code iSALE to simulate
idealised m-scale impacts on Mars and compute
the seismic efficiency and the seismic moment.
Both the target and impactor were modelled
using the Tillotson equation of state for basalt.
An initial porosity of 44% was included to
represent a porous regolith on the Martian
surface. All simulations assumed 90⁰ incidence.
Impactor velocities and diameters used in this
study were chosen from distribution most likely
for Mars [2]. Fig. 1 shows the progression of the
pressure wave through the simulation mesh.
Letters A-J mark the location of the pressure
gauges used to calculate the seismic efficiency.
Three sets of simulations
were performed:
1. The kinetic energy of the
impactor
was
kept
constant, but different
combinations of velocity
and mass were used.
2. The kinetic energy was
kept constant (same as 1.)
but at a lower energy.
3. Impactor velocity was kept
constant (11 km/s) and
impactor size was varied,
changing both momentum
and kinetic energy.

Fig. 2 – Pressure time record for each of the gauges shown in
Fig. 1. (d𝑡 = pulse width, 𝑃𝑚𝑎𝑥 = peak pressure)

Fig. 3 – The convergence of the ratio of seismic energy and
initial kinetic energy at each of the gauges shown in Fig. 1.

Table 1 (below) –
Parameters used
in each of the
simulation sets.
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Fig. 1 – The progression of the pressure wave through
the target. The letters A-J mark the location of pressure
gauges.

Fig. 4 – k as a function of the impactor momentum.

Seismic Moment
In seismology, seismic moment is a measure of the size of the
event (such as an earthquake). It is usually defined by the size of
the fault causing the quake as well as geological properties of the
area. The behaviour of an equivalent quantity for impacts is
generally poorly understood. In this study, the seismic scalar
moment (M) was computed using equation 2 [5], across the entire
target, as a function of time. The maximum value reached was
recorded.
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Fig. 5 – k as a function of the impactor energy compared
with previous studies.

Conclusions:
o Preliminary results show that the seismic
moment is approximately proportional to the
impact momentum (Fig. 5).
o The values calculated for lower impact
momenta are consistent with previous models
and data. However, M values for higher
momentum impacts are generally lower than
model predictions.
o M also correlates strongly with seismic energy
(Fig. 7).
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Fig. 6 – Maximum seismic moment reached in all simulations as a function
of the seismic energy, plotted alongside other studies in this area.

Fig. 7 – Maximum seismic moment as a function of
the impactor momentum and compared with other
studies in this area.

