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Introduction: The analysis of the Venusian geolog-
ical record and in particular of coronae, one of the most
puzzling volcano-tectonic features of our Solar System,
holds pivotal clues to reconstruct the tectonic evolution
of Venus and could reveal crucial information for un-
derstanding the planet’s interior and its thermal evolu-
tion.

Here we present the HECATE project that proposes
a multidisciplinary approach intertwining geological
observations and mapping, statistical analytical proce-
dures, and geodynamical modeling to address major sci-
entific questions for the geological and geodynamical
evolution of Venus. The project aims to collect observ-
able geological evidence of the surface and use this to
determine the structure of the shallow subsurface and
further to constrain the dynamics of the deeper interior.
HECATE will hence connect the different planetary lay-
ers (the surface, the shallow subsurface, and the deep
interior) that are often addressed individually.

HECATE will be carried out in close collaboration
between the hosting institution (University of Padova)
and DLR (German Aerospace Center, Berlin) and will
provide the first comprehensive, multidisciplinary, and
well-rounded study on Venusian coronae, by producing
high quality, accessible, and reusable datasets of plane-
tary mapping products, mechanical and rheological
structure of the shallow subsurface, and geodynamical
investigations with a strong focus on magmatic pro-
cesses.

HECATE is a highly ambitious but timely project.
The results obtained herein will provide valuable infor-
mation to identify targets of interest for the future Venus
missions, EnVision (ESA) and VERITAS (NASA),
whose aims include the determination of the volcano-
tectonic activity of Venus.

State of the art: Despite being called Earth’s twin,
on Venus there is no sign of active plate tectonics [1]
and whether Venus is geologically active today along
with the tectonic evolution that shaped early Venus re-
mains unclear [2]. Venus present-day tectonics is likely
to be associated with a geodynamic framework ruled by
the occurrence of a stagnant lid convection. Such geo-
dynamic framework is characterized by an immobile,
highly viscous layer on top of the slowly creeping solid-
state mantle, meaning that this so-called lithospheric lid
sits on top of a convecting solid-state mantle. Nonethe-
less, more recently models agree that magmatic heat

transport has played, and most likely still plays, a major
role on Venus [2].

In the absence of plate tectonics, as we know from
the Earth, the present-day surface deformation on Venus
is primarily controlled by mantle convection and
plume—lithosphere interaction. Among the documented
tectonic structures, large volcano-tectonic features
known as coronae are the most distinct surface manifes-
tations of mantle plume activity and hold clues to the
global Venusian tectonic regime [3]. However, the
origin and evolution of these landforms remain debated.
Coronae are circular features surrounded by concentric
fractures that display a wide range of sizes, 60 to more
than 1,000 km [4]. Coronae are generally interpreted as
a response to crustal stresses developed above an
upwelling mantle plume, followed by gravitational re-
laxation or collapse due to magma withdrawal [5]. A
portion of documented large coronae resulted to be ac-
tive today providing evidence for widespread ongoing
plume activity on Venus [6]. Overall, coronae of differ-
ent sizes and morphologies could represent not only dif-
ferent styles of plume-lithosphere interactions but also
different stages of evolution of these interactions [6].
HECATE aims to collect observable geological evi-
dence of the surface and use this to determine the struc-
ture of the shallow subsurface and further to constrain
the dynamics of the deeper interior. HECATE will
hence connect the different planetary layers (the sur-
face, shallow subsurface, and the deep interior) that are
often addressed individually

Objectives: The aim of this project is to examine
the Venusian geological record to shed new light on co-
ronae formation, one of the most puzzling volcano-tec-
tonic features of our Solar System, opening a window
into the planet’s interior and its thermal evolution, and
ultimately unveiling pivotal clues to reconstruct the tec-
tonic evolution of Venus. With the multidisciplinary ap-
proach that HECATE will employ we will also bridge
the hosting institution (University of Padova) which has
a leading experise in geological mapping and analyses
and DLR (German Aerospace Center, Berlin), which
will provide key aspects for numerical modeling.

The project is divided into four work packages (WP)
that mirror the key macro-objectives (figure below) nec-
essary to reach HECATE scientific goal:

WP 1) Coronae Classification: within this work
package we aim to produce a meaningful classification



of coronae based on their key traits, that could include
the diameter, and their geological and structural context.
This effort aims to identify populations as homogeneous
as possible of the hundreds of coronae globally ob-
served on Venus. This will highlight possible recurren-
cies in the appearance of these volcano-tectonic struc-
tures and relations with other geological elements, thus
laying the groundwork for an organized and systematic
analysis of the main objects of interest of this study. The
final goal of work package 1 is to compile a list of high
interest targets obtained by sampling the coronae popu-
lation of each class. Only the selected targets will un-
dergo the whole analytical process. Accordingly, this
work package needs to be completed before moving on
to the following ones.

WP 2) Plumbing System Analysis: within this work
package our goal is to extrapolate a complete picture of
the coronae’s feeding system. As outlined above, the set
of analyses foreseen in this work package will be per-
formed only on a representative sample of coronae ob-
tained in WP1. Hence, for each selected corona we will
produce a map of the features produced by fracturing,
faulting, and magma injection visible from orbit (e.g.,
grabens, fractures, collapse pit, etc.) and perform struc-
tural analyses to identify the local stress regime and de-
formation. We will then run statistical analytical proce-
dures investigating size and distribution of relevant
structures to determine how the plumbing system of the
examined coronae develop underneath the surface.
These techniques will allow to deduce the subsurface
extension of the coronae’s feeding system and the loca-
tion of magmatic reservoirs, pushing the exploration in
the deep interior of the planet.

WP 3) Subsurface Structure: the objective of this
section is to reconstruct the subsurface structure of Ve-
nus on local, large, and global scales. According to the
overall goal of this project of putting together multiple
disciplines, this work package constitutes the bridge be-
tween geology and numerical modeling. We thus aim to
approach the exploration of the planet interior by con-
straining the plume-lithosphere interactions and the
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Figure 1: Investigations proposed by the HECATE project. The multidisciplinary approach adopted here includes geological observa-

subsurface structure/rheological layers with the data
collected in WP2 about magma accumulation levels and
subsurface cracking. Synergistically with all the other
WP activities, we will also test the hypothesis of a wet
or dry crust and mantle and thus investigate the possi-
bility of the presence of volatiles in the Venusian sub-
surface.

WP 4) Geodynamical and Thermal Modeling: the
goal of this work package is to produce numerical mod-
els of the evolution of Venus’s subsurface. We will ap-
ply geodynamical thermal evolution models of the inte-
rior of Venus to select models that are able to produce
the amount and distribution of magmatism consistent
with the subsurface structure from previous work pack-
ages. This will allow to explore the tectonic regime that
sustained the formation of coronae. The location and
distribution of subsurface layers as determined in WP3,
will provide important constraints on the magmatic his-
tory and present-day magmatic processes on Venus.
These are closely linked to the thermal state of the shal-
low subsurface and deep interior, as well as to the pro-
duction of partial melt and the presence of volatiles. In
particular, water is directly linked to the magmatic evo-
lution and can affect the rheology of the mantle, litho-
sphere, and crust, and, in turn, the formation of geolog-
ical surface features.
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tions and mapping, statistical analytical procedures, and geodynamical modeling.




