Seismic Interior/Atmospheric Coupling on Venus

P. Lognonné, G.Occhipinti, R.Garcia
Département de Géophysique Spatiale et Planétaire, IPGP, Saint Maur des Fossés, France ( lognonne @ipgp.jussieu.fr )

Magellan's Venus pictures show several examples of faults and fractures. the planet S crust and the existence of Venus quakes If the seismic
activity of Venus is unknown, however, in contrary to Mars, Meofi and Merci . i
unmodified by any weathering process. This lack of cratef is interpreted as the - i resurfacmg by volcanism between 200 Myrs and
700 Myrs. Such an activity places therefore VenusTas the most recently activ . th. The rater data and volcanic distribution support
either a catastrophic resurfacing some 500. Myrs ago or a more local or esurfaci d e to olcanic flux of 0.5 km3/yr similar to the
intraplate volcanic flux on Earth. Some-a dreas are probably tectonically b
theories on the formation of Ishtar Terra need stress differences of a few,
values for Earth’s tectonic. We c;m imagine therefore a tectonic on Venus:ak
typically generating about quakes per year of magnitude betwe%
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atmosphere and the solid planet for detecting quakes on Venus
searching for acoustjé/ and ionospheric signals generated by qu
from a swarm of orbiters.
Principle of measvui'ements
After a quake, lthe surface of a planet is vibrating horizonta
vertically. By continuity of the vertical displacement, the at;
is therefore forced to move with a vertical velocity eq
surface vertical velocity, and this vibration is then prop.
upward. vSuch atmospheric vibrations are producing adiﬁl;f@
pressure and temperature variations. Theory is detailed in Logno
et al., 1996, Lognonné and Clévédé, 2003 and ;
applicatibns on Earth are detailed by Artru et al., 2001, y
2002 and Ducic et al., 2003. When the acoustic wave is |

with time scale of the tectonic of a few 100 Myiwhich both can be compared to
ate large quakes, of magnitude greater than 6. The Seismic activity of the Earth is
d about 14 of magnitude between 7 and 7.9. Mars is expected to have a seismic
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nternal Structure Mission) study from 1993. The range of seismicity is pretty wide,
g on the source of strain and the seismogenic layer thickness assumed. The;
ickness of 30 km, based on heat flow estimates

iment Strategy
ontrary to the Earth, a sounding by the top at 150 km of altitude might be pos
us. Indeed, as shown below, the ionospheric structure is thinner and sounding by

viscosity is not producing significant attenuation. A,
therefore and due to the exponential decay of den51ty
of the wave is increasing exponentially. Dissipatio
encountered at high altitude. Such signals are no ;,;?»
obse(ved on the Earth and can measure the grou
Rayleigh waves (Ducic et al., 2003). The best
ionospheric seismic signals is to use a Doppler measu

sendee{sﬁ% Sineh Rhiell #0cafrotidrinothalignpighere

5 Iy T

0% cm3 to 5x10% cm™3  during the day side. This gives electron plasma frequen
Mhz during the night and 3 Mhz-7 Mhz during the day. A 2 Mhz sounder might
electron plasma density of about 5x104 em™3. Due to the weak directivity of antel
equencies, several satellites, in a swarm g come¢
solution at the ground (about 10 km
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Effect of the atmosphere on Seismic waves and Rayleigh Normal modes
The Venus atmosphere is strongly coupled to the
interior. At the surface, pressure is about 90 bars,
density about 60 kg/m3, acoustic velocities slightly
higher (410 m/s) than on Earth and ground
coupling (pc) is about 60 greater than on Earth.
This coupling is perturbing strongly the
fundamental normal modes of the interior. The
presence of the atmosphere is reducing by about
15% the quality coefficient of the Normal modes e
and is generating, near the resonances periods of
the atmosphere, perturbation of a few percents. At
150 km of altitude, the attenuation of the Venus “ [
atmosphere is still weak and can be neglected for

tdce waves in the Earth Atmosphere for

eaks are in atmospheric resonance, with mainly the
acoustic window. Left. Same, but for Venus. Note the
on of the energy in the atmosphere and the three windows with
eric-interior resonance. These frequency windows will be used for

ing acoustic and Rayleigh waves.

surface wave: . iy ﬂ"”ﬂ"“w’“"www Jienassnane Summary and conclusion: Venus quakes of magnitude 5.5 and greater
J— J— are probably perturbing the Venus ionosphere with vertical velocities

. ‘ | 7 larger than 1 m/s. A swarm of small satellites, acting as top-side
ool | [ | e sounders could probably detect these signals. A detailed technical
£ \("W\NW’M}W \j\»“*\f‘w“v“w I uﬂffv\ﬁfwﬂfwﬁ/\ﬂﬂw “\ff\/w\/\/\m»x 1 zgmheticdloz“(’)gal‘:“d ?t study will determine more precisely the characteristic of such a
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I ] amplitudes of 30 m/s are Iffeasible, this mission will determine the lithospheric structure of

- Venus, up to depth of several hundred kilometers.
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