N

HAL

open science

Constraining the Seismogenic Thickness of Venus

Julia Maia, Ana-Catalina Plesa, Iris van Zelst, Quentin Brissaud, Barbara de
Toffoli, Raphaél Garcia, Richard Ghail, Anna Giilcher, Anna Horleston,

Taichi Kawamura, et al.

» To cite this version:

Julia Maia, Ana-Catalina Plesa, Iris van Zelst, Quentin Brissaud, Barbara de Toffoli, et al.. Con-
straining the Seismogenic Thickness of Venus. Europlanet Science Congress 2024, Sep 2024, Berlin,

Germany. pp.EPSC2024-915, 10.5194/epsc2024-915 . insu-04681664

HAL Id: insu-04681664
https://insu.hal.science/insu-04681664
Submitted on 29 Aug 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://insu.hal.science/insu-04681664
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

EUROPLANET
/ SCIENCE
CONGRESS

EPSC2024

EPSC Abstracts
Vol. 17, EPSC2024-915, 2024, updated on 29 Aug 2024
https://doi.org/10.5194/epsc2024-915

Europlanet Science Congress 2024
© Author(s) 2024. This work is distributed under

the Creative Commons Attribution 4.0 License.
m

Constraining the Seismogenic Thickness of Venus

Julia Maia!, Ana-Catalina Plesa?, Iris van Zelst'?, Quentin Brissaud®, Barbara De Toffoli*, Raphaél
Garcia®, Richard Ghail®, Anna Gu“Icher”®, Anna Horleston®, Taichi Kawamura®?, Sara Klaasen'?,
Maxence Lefévre'?, Philippe Lognonné'?, Sven Peter Nasholm®*3, Mark Panning®, Krystyna
Smolinski'!, Celine Solberg!3, and Simon Stahler'?

IDLR Institute of Planetary Research , Planetary Physics, Berlin, Germany (julia.maia@dIr.de)

2Centre of Astronomy and Astrophysics, Technical University of Berlin

3NORSAR, Kjeller, Norway

“Department of Geosciences, Universita degli studi di Padova, Padova, Italy

SInstitut Supérieur de I'Aéronautique et de I'Espace/SUPAERO, Toulouse University, France

Royal Holloway, University of London, London, UK

’California Institute of Technology, Pasadena, CA, United States

8Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA, United States

9School of Earth Sciences, University of Bristol, Bristol, UK

Oyniversité Paris Cité, Institut de Physique du Globe de Paris, CNRS, Paris, France

Hnstitute of Geophysics, Department of Earth Sciences, ETH Ziirich, Switzerland

12LATMOS/IPSL, Sorbonne Universite, UVSQ Universite Paris-Saclay, CNRS, Paris, France

3pepartment of Informatics, University of Oslo, Oslo, Norway

The surface of Venus presents a large variety of tectonic structures, from rift zones that extend
thousands of kilometers [1], to globally spread wrinkle ridges [2] and coronae that could be
associated with regional subduction [3]. In addition, there is a growing number of observations that
point towards a geologically active Venus at present-day [4,5]. Therefore, it is highly likely that
Venus is currently a seismically active planet. Yet, very little is known about the seismicity of Venus,
mostly due to the lack of seismic data. Meanwhile, taking other geophysical constraints, we can start
investigating some seismic properties of Venus. These analyses are essential for the planning of
potential future seismic-focused missions to Venus.

A fundamental property to characterize possible seismicity levels of a planet is the thickness of the
seismogenic zone, which corresponds to the upper, more brittle part of the planet where rocks can
break and release seismic energy. The seismogenic thickness is closely related to the thermal
structure of the lithosphere and it is usually defined by an isotherm. This study compiles estimates
of lithospheric thermal gradients from geodynamic models and geophysical observations with the
goal of obtaining a holistic view of the lithospheric thermal structure and seismogenic zone thickness
of Venus. Here we adopt the 600°C isotherm as the seismogenic thickness, based on what has been
measured for the Earth [6].

We use three independent approaches to investigate the thickness of the seismogenic zone on
Venus. In the first approach, we compile a range of local elastic thickness constraints based on
flexural analysis using topography and gravity data from different studies [7,8,9,10]. These elastic
thickness estimates are then used to compute lithospheric thermal gradients which, in turn, allow us



to determine locally the depth of the 600°C isotherm. Considering a strain rate of 1e-16 s-1 and a
dry diabase rheology [11] we found that seismogenic thickness values range from 4 to 30 km, as
shown in Figure 1a.

In a second approach we use 3D geodynamic thermal evolution models to assess the thermal
structure of present-day lithosphere considering two distinct end-member magmatic scenarios [12].
In one case, we consider fully extrusive magmatism, i.e., all melt produced in the mantle is
extracted to the surface. On the second case, 80% of the melt remains trapped within the
lithosphere at 50 km depth. These scenarios lead to completely distinct lithospheric structure (see
Figure 1b). Extrusive magmatism builds an extremly thick and cold lithosphere aassociated with
seismogenic thicknesses of 60-150 km, while a high level of intrusions results in a thin and warm
lithosphere, with seismogenic thickness values of 5-40 km.

Finally, we obtain seismogenic thickness estimates associated with constraints on mantle density
anomalies from geophysical inversions using gravity and topography data [13]. In this case, the
density anomalies are assumed to be caused by mantle temperature anomalies via the relation ,
where is the thermal expansivity, is the reference mantle density and correspond to latitude and
longitude. These mantle temperature anomalies cause temperature variations at the base of the
thermal lithosphere which, in turn, affect the lithospheric thermal gradient and the seismogenic
thickness. Since these constraints are only sensitive to lateral variations of temperature and not the
absolute temperature, to constrain the seismogenic thickness we use the intrusive geodynamic
model as a reference temperature profile. Figure 1c shows the seismogenic thickness map, using
K and kg/m?3. In this approach, the estimates range from about 15-45 km.
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Figure 1: Maps with seismogenic thickness constraints based on (a) lithospheric flexure studies (b)
geodynamic models, and (c) mantle density anomalies. The shade areas in (c) correspond to shallowly
compensated regions and should be disconsidered from these constraints (see Maia et al. 2023 for details).
Maps are in Robinson projection centered at 0° longitude.

Figure 2 summarizes the results from the three different approaches, where the top plot presents
the thermal gradient estimates, and the bottom plot shows the seismogenic thickness estimates.



The left panels correspond to estimates from local flexural analysis for two different rheologies, the
center panels show the geodynamic model estimates for the fully extrusive and 80% intrusive case,
and the right panels are associated with the estimates from mantle density anomalies. For the
latter, the two cases shown correspond to end-members parameters associated with maximum
variability (density anomalies are modeled as a thin mass-sheet and K) and minimum variability
(density anomalies assumed to be radially constant throughout the mantle and thermal expansivity
of K) of seismogenic thickness estimates.

From the observational constraints and the highly intrusive model scenario we find that the
seismogenic thickness of Venus ranges from about 4 to 40 km. The constraints from flexural
analysis are related to the largest thermal gradient estimated (and thinnest seismogenic zones).
This is likely because many of the investigated features are associated with locally anomalous
temperatures, probably associated with magmatic processes [10]. It is also important to note that
the thermal gradient estimates correspond to the time of formation of the features and it is possible
that the thermal gradients are not as high at present day. Interestingly, the high intrusive
geodynamic model also reaches high thermal gradient values (above 20 K/km) locally where there
has been recent emplacement of intrusive melts (see Herrera et al., this meeting, for more details).
Nevertheless, our results indicate that the background thermal gradient of Venus ranges from 5-10
K/km which is associated with seismogenic thicknesses of roughly 10-30 km.
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Figure 2: Lithospheric thermal gradient (top) and seismogenic
thickness (bottom) estimates for Venus based on different
geophysical and geodynamical constraints.
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