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Intro

 AIRis a 3.5 years project to assess the
feasibility of performing seismic
tomography from a balloon platform

* Seismic waves couple to the atmosphere
as infrasound which can be recorded
from a balloon

* Here we provide the first assessment of
the global detectability of seismic
infrasound at high altitude

Methods

1. We used Earth-to-Venus seismicity
estimates to constrain time & spatial
venusquake distributions [1,2]
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1. We ran waveform simulations < 1 Hz for
a normal fault using SPECFE.M2d-DG [3] &
extracted downwind amplitude vs
distance at 60 km altitude. Values >200
km are extrapolated by fitting: axdistP

2. We computed the detection probability
as a combination of event likelihood and
signal detection probability for a given
signal-to-noise ratio

3. Balloons are assumed to be free floating
with the winds at a constant altitude

We estimated between 15% and 80%

probability of detecting a venusquake during

a 15 days balloon mission

Simulation of seismic infrasound from a
strike-slip mechanism at 10 km depth

Rayleigh wave
infrasound

Atmosphere

Crust

Mantle
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altitude

Seismic
body waves

Probability of detecting ANY M
integrated along a 15 days balloon trajectory -

upper bound
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> 5 over

one day assummg a selsmically active Venus - upper bound

e.g., a balloon here
would have a ~“12%
chance to detect
any event on the
planet over 1 day

Same probability as above but with

Navier—Stokes approach." (2022) 10.1093/gji/ggab308

assuming a seismically active Venus -

1] van Zelst, Iris, et al. "Estimates on the possible annual seismicity of Venus." (2023) 10.31223/X5DQ0C
2] Sabbeth, L., et al. "Estimated seismicity of Venusian wrinkle ridges based on fault scaling relationships." (2023) 10.1016/j.epsl.2023.118308
3] Martire, Léo, et al. "SPECFEM2D-DG, an open-source software modelling mechanical waves in coupled solid—fluid systems: the linearized

lower bound

Description of detection model

Detection probability of events

P M, o) =1—
*T f tom "'-‘”“”“} with magnitude 2 M,, ..., from
) a balloon location lat,lon
H H 1— Product over all possible
source |locations and
lat,lon My =My, min

- magnitudes

Probability of an event e
with magnitude M, to
occur at location lat,lon
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Max. amplitude at 60 km altitude
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Future work

1. Determine amplitude vs distance curves
for sources with different focal
mechanisms, at various depths, and for
different crustal thicknesses

2. Validate extrapolation against global full
waveform simulations

3. Investigate potential for inversion of
simulated infrasound data to retrieve
seismic parameters
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Q. Brissaud, S.P. Ndsholm, A. Turquet, T. Kaschwich and C.M. Solberg Inversion results: Waveforms contain information
about the subsurface
Seismicity results from van Zelst, Iris, et al. "Estimates on the Details about methodology * We performed a frequency Time ANalysis (FTAN)
possible annual seismicity of Venus." (2023) 10.31223/X5DQ0C on seismic and infrasound signals
Seismic model * Seismic and Acoustic group velocity vs frequency
Estimate M, > 3.0 My =40 | My =50 | My > 6.0 | M, > 7.0 ® \We choose mantle velocities from a pressu r?ﬁ A curves show strong correlations
Inactive Venus 426 - 2568 05 — 206 11 - 34 1 -4 0-0 rescaled version of PREM Average | et On = 57823 Crusta) thickness. Period (s)
Active Venus - lower bound | 10760 - 33460 | 1161 — 3600 | 126 — 301 | 14 — 42 2 - 5§ topographic | ¥s=3.5 km/s - Qs = 600 ,, 5 ——————— e
Active Venus - upper bound | 84263 - 262023 | 5715 — 17773 | 465 — 1446 | 44136 | 415 height oo

Table 1. Number of venusquakes per year equal to or larger than a certain moment magnitude ® CFUSta| tthkﬂESS |S SEIECtEd dS 15 km Wh|Ch Mantle

rho = 3.3 kg/m3
vp = 7.5 km/s - Qp = 57823

for our three possible Venus scenarios. A range 15 provided based on the uncertainties in the cho- |S |n 3 reallstlc ra nge derlve d frOm Ny e
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sen scaling factor for the seismogenic thickness.
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Figure 2. (a) Map of Venus (Robinson projection) showing the areas of mapped coronae, d specific balloon location integratEd along als5 days balloon trajectory - 25 50 715 P?rnl.%d (5{2.5 150 175  20.0
ridges and mountamm belts, and rnfts (Price & Suppe, 1995; Price et al., 1996). (b-d) Ranges of lower bound >0 8750k
potential quake size-frequency distributions on Venus for (b) an inactive Venus with background Windidinection yd=ghesssirom:Norti) 2 + Velocity minimum =
I ) . . - L e _ . 95% detection probability from a balloon with noise=1.0e-02 Pa J ¢ b o0 s 3 4.0 .
selemicity analogous to Earth's continental intraplate seismicity; (c¢) a lower bound on an active > crust-mantle interface
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