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Introduction: Studies on Martian endogenous seismic activity prior to the InSight mission were mainly
concerned with the size-frequency distribution of expected marsquakes and the resulting seismic moment release rate. Occurrence times were rarely discussed, but
probably assumed to be as unpredictable as those of major earthquakes. This is certainly true for [1], but most
likely also for most other studies (e.g. [2][3][4], to name
but a few). An exception is [5], where seismicity induced by solar and phobosian tides is predicted.
The family of High Frequency seismic events (HF,
classification scheme of [6]) recorded by the InSight
SEIS experiment [7] shows a detection rate that is
highly variable with time, and somewhat anti-correlated
to the seasonal variability of wind induced background
noise.
We show that the wind noise variation does not explain the variability of event detections, and that a true
variability of seismic activity exists on Mars.
Data: Between 12. Jan. 2019 and 31. Aug. 2020,
InSight detected 415 HF events. A careful selection is
necessary to avoid observational biases. We discard all
events with indiscernible arrivals, or which might be of
non-seismic origin (quality "D", [6]). According to the
distribution of recorded amplitudes and signal-to-noise
ratios (SNR), and to inferred catalog completeness
thresholds, we discard all events with amplitudes more
than 215 dB below a reference displacement of 1 m, or
with SNR below 2.56. We also discard all events recorded prior to 01. June 2019, when the sampling rate of
continuously downlinked data was increased from 10
Hz to 20 Hz. The majority of HF events would be visible
in the 10 Hz data stream as well, but since the event rate
started rising at about this time, we rule out an observational bias by not using the 10 Hz data here. What remains are 118 events that were recorded between 01.
June 2019 and 31. Aug. 2020. Figure 1a shows their cumulative count (square symbols).

Methods: Lacking information about source location and mechanism, it is currently not possible to constrain the stress regimes under which events occur. We
can only conduct maximum likelihood analyses of plausible driving processes that exhibit a variability in time
similar to the changing event rate. Akaike Information
Criterion and evidence ratio (probability that a model is
not recognized as the best one due to stochastic properties of the available data [8]) are used to rank processes
and assess the ranking's credibility.

Figure 1 Detection efficiency (fraction of detected
events) and residual event count. (a) Red: sol-by-sol detection efficiency, pink: 7th degree polynomial fit.
Squares: cumulative HF event count, with gap during
the 2019 solar conjunction. Black line: cumulative
count assuming a constant event rate that yields the
number of observed events, using the red efficiency
curve. Dashed grey: as black, but using the polynomial
efficiency model. (b) Black: residual between observed
cumulative count in and black curve of (a). Dashed
grey: residual between observed count and dashed grey
curve in (a). Light grey: percentile contours corresponding to 1 ... 5 𝝈 of a Gaussian distribution, showing
sampling uncertainty range.
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Proof of variable event rate: From the distribution
of amplitudes we estimate how the number of detections
depends on noise level, and simulate cumulative event
counts resulting from a constant event rate (Figure 1a).
We find that there is a considerable and variable residual
detection count, which is extremely unlikely (beyond
99.9% level) to be observed when the occurrence rate is
constant (Figure 1b).
This procedure also gives rise to a detection efficiency factor 0 ≤ 𝜂 ≤ 1 by which a model event rate
has to be multiplied before comparison with the observed event sequence: a fraction 𝜂 of the actually occurring events is detected by InSight. A 7th degree polynomial captures sufficient detail of the sol-by-sol noise
average to compute a useful 𝜂 (Figure 1a).
Impacts: It has been suggested (e.g. [9]) that an increase of the meteorite impact rate might occur if Mars
is near aphelion. However, we do not yet have an unambiguous observation of seismic impact signals that
would allow judging if HF events are impacts. We lay
aside this question for now.
Phobos Tides: A spike train Fourier transform of
event occurrence times, as used to determine periodicities in Deep Moonquake activity [11], does not exhibit
peaks at periods connected to the orbit of Phobos (contrary to the prediction of [5]). We rule out Phobos tides
as driver of HF events.
Solar Tide: Annual solar tides were discussed by
[2] and [5], who arrive at opposite conclusions. We thus
analyze a rate model based on the annual solar tide. (A
possible effect of daily solar tides is not accessible due
to the strong daytime winds, which cover all other diurnal variations by preventing any event detection.)
CO2 ice load: The polar ice caps of Mars are well
known to show a strong seasonal variation of their extent, which is due to evaporation and deposition of CO 2
ice, as reflected by atmospheric pressure [12]. Taking
this as analogy to reservoir induced seismicity on Earth,
we analyze a rate model driven by the annual atmospheric pressure cycle as proxy for the ice load cycle.
Illumination: Change of illumination, and thus solar heat influx on steep topography, may lead to thermal
erosion and mass wasting. Although landslides are inefficient seismic sources, we analyze a rate model driven
by the areocentric longitude of the Sun as marker for
Martian seasons.
Conclusions: A constant event rate cannot explain
the sequence of observed HF events. There is also no
indication for a connection to Phobos' tides. The observations cover only about 2/3 of a Martian year and do
not allow for a conclusive decision, but evidence is in
favor for a seasonal driving force that is connected to
solar illumination. This suggests extreme illumination/shadowing conditions in the HF source region(s).
Changes of CO2 ice load, and annual solar tides are less
likely explanations of the observed variability (i.e. have
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higher evidence ratios, Figure 2), but cannot be ruled out
yet. Observation of additional activity cycles will likely
help discriminating models.
The unexpected seasonality of marsquakes indicates
that there is new science of ongoing geological processes on Mars, waiting for further investigation.

Figure 2 Evidence ratios for the analyzed models (circles) and model groups (bars). Model names consist of
4 letters for model type (Cnst - constant rate, Ilmn - Illumination, Load - Ice load, Tide - annual solar tide)
and a code for a parameter space quadrant (Amplitude
factor (A) vs. DC offset (O), positive (p) or negative (n)).
The best model is Ilmn_AnOp (filled circle). The evidence ratio tells how much less likely a model is mistakenly not identified as the best one due to sampling uncertainty.
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