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Introduction: Despite similar physical and bulk
chemical properties to Earth, Venus exhibits a distinct
and enigmatic geodynamic style instead of plate tecton-
ics [1]. Its resurfacing history and processes are key to
characterizing Venus’s geodynamic mode. The domi-
nant resurfacing process within Earth’s plate tectonic re-
gime is seafloor spreading, where new basaltic crust is
generated along a single, global, extensional tectonic
environment, the Mid-Ocean Ridge (MOR). While Ve-
nus also has a global extensional tectonic environment
in the form of the Global Rift Network (GRN)), it is mor-
phologically different from the MOR. The GRN is dis-
tributed along sinuous and isolated chasmata that are
sub-parallel to each other and appear to link major vol-
canic provinces and the southern margin of Aphrodite
Terra. The chasmata that comprise the GRN are also as-
sociated with coronae, such as Taranga and Atahensik
[2]. If the MOR and GRN are analogous, then the chas-
mata are regions in which new Venusian crust is gener-
ated. In that case, the morphology of Venus’s chas-
mata and associated coronae will be consistent with nu-
merical models of crustal generation under Venusian
conditions.

Methods: By comparing the structure and topogra-
phy of numerical models of crustal generation with the
photogeology and topography derived from Magellan
and other missions, it is possible to test whether or not
the morphology of the GRN is consistent with crustal
generation.

Model Set-Up. To simulate crustal generation pro-
cesses, we use the 2D numerical modeling program
GeoFLAC with some modifications [3]. Extension rates
are varied between 1 cm/yr, 0.1 cm/yr, and 0.01 cm/yr
by moving the left and right boundaries of the model.
This range comes from estimates of Venus’s strain rates
based on crater deformation on the low end and Earth-
like rates on the high end [4]. Surface heat flux is set to
50 mW/m2 and 80 mW/m2 based on estimates at Ve-
nus’s chasmata from flexure and elastic thickness [5].
For this study, the rate of crustal generation at the rift
axis is prescribed, which is for convenience and allows
our models to be agnostic to melt processes. New basal-
tic crust is generated as a column of elements at the cen-
ter of the model domain over the same range of rates as
extension rates.

Analysis. We can derive topography and gravity
anomalies from the models for different regions of the
explored parameter space. By comparing diagnostic fea-
tures of the modeled topography (e.g., the height of rift
flanks, presence or absence of an axial ridge, boundary
troughs) with the actual topography of segments of the

GRN, we can determine whether crustal generation is
consistent  with chasmata morphology [6]. While
Venus's gravity anomaly data is too coarse for compar-
ison, the model gravity anomalies can be used to make
testable predictions for future missions.

Results: The eighteen models run can be grouped
into three regimes based on the relative rates of exten-
sion and crustal generation. Where generation rates ex-
ceed extension rates, the addition of new crust cannot be
spatially accommodated by rifting. In these “overthick-
ening” cases, a central peak forms along the rift axis
while a flexural trough forms to either side. As the new
crust thickens, eclogite roots form and collapse into the
mantle, causing a topographic inversion. The delamina-
tion of the crust maintains the boundary troughs but cre-
ates an elevated bowl shape in the interior. Figure 1
shows an example of this regime.
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Figure 1: An example of the overthickening regime.
In this model heat flow is set to 50 mW/m?, extension is
at 1 cm/yr, and crustal generation is set to 0.1 cm/yr.
Colors on the face of the block diagram represent dif-
ferent lithologies, while the top surface shows the to-
pography at different time slices over the 25 Myr
runtime. Grey is diabase (basalt) crust, dark grey is the
newly generated diabase crust, black is eclogite, and
light and dark green are lithospheric and asthenospheric
mantle, respectively.

In models where the generated crust can be accom-
modated by extension, a “steady-state” spreading re-
gime occurs. Under these conditions, an axial valley or
ridge forms at the center of a classical rift. Often, the rift
is asymmetric (with thinner crust on one side) due to de-
formation localizing on one side or the other of the
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crustal generation axis. Where accommodation space is
created faster than crust can be, a deep bowl-shaped rift
is formed with an axial valley due to hyperextension.
Because mantle material is exhumed to or near to the
surface, the free-air anomaly takes on a diagnostic dome
shape.

The overthickening cases share diagnostic features
with chasma-associated coronae such as Taranga Co-
rona (Figure 2 & Figure 3) or Atahensik Corona. The
steady-state spreading cases are consistent with the mor-
phology of major GRN segments such as Britomartis
Chasma or Hecate Chasma. Still, they may also be in-
terpreted as classical half-graben structures. The hyper-
extension cases aren’t consistent with most chasmata
morphologies.

Figure 2: The location of Taranga Corona within
Hecate Chasma as shown in colored topographic map
view. The red, black, and blue lines represent the left
boundary, center line, and right boundary of the topo-
graphic profiles shown in Figure 3.
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Figure 3: The cumulated topographic profiles of Ta-
ranga Corona (top panel, black line is the mean) com-
pared to the topographic profile of the overthickening
regime model in Figure 1 (bottom panel).

Conclusions: Because the chasma-associated co-
ronae share diagnostic features with the overthickening
regime in our numerical models, we conclude that sim-
ilar processes (overthickening, crustal generation, eclo-
gitization, delamination) are responsible for their for-
mation. When their proximity to chasmata and the con-
sistency of chasmata with the morphology of the

2213.pdf

steady-state spreading regime are taken into account, it
is plausible that crustal generation is occurring along
segments of the GRN. In places where excess crust is
generated (possibly due to plumes or mantle heteroge-
neity), an eclogite root forms and then delaminates into
the mantle to create coronae. These lithospheric drips
do not form coherent slabs as in subduction but recycle
the newly created crust. Unlike on Earth, where crust is
generated and recycled at opposite ends of a plate, Ve-
nus’s crust may be generated and recycled in the same
tectonic setting. All of this suggests that the generation
of Venusian crust is distributed along the discontinuous
segments of the GRN and that the recycling of that crust
may be co-located with its generation. This is consistent
with plutonic-squishy lid models [1], delamination and
localized subduction models of Artemis Corona [7], and
pre-Magellan hypotheses of “distributed crustal spread-
ing” [8].

Acknowledgments: This work would not have been
possible without valuable input from Anna Gulcher,
Paul Byrne, and Francis Nimmo.

References: [1] Lourenco, D. L. (2023). Estranged
planetary twins. Nature Geoscience, 16(1), 2-3. [2]
Ivanov, M. A., & Head, J. W. (2011). Global geological
map of Venus. Planetary and Space Science, 59(13),
1559-1600. [3] Montiel, N. J., Masini, E., Lavier, L.,
Miintener, O., & Calassou, S. (2023). Mantle defor-
mation processes during the rift-to-drift transition at
magma-poor margins. Geochemistry, Geophysics, Ge-
osystems, 24, ¢2023GC010924. [4] Grimm, R. E.
(1994). Recent deformation rates on Venus. Journal of
Geophysical Research: Planets, 99(E11),23163-23171.
[5] Smrekar, S. E., Ostberg, C., & O’Rourke, J. G.
(2023). Earth-like lithospheric thickness and heat flow
on Venus consistent with active rifting. Nature Geosci-
ence, 16(1), 13-18. [6] Wieczorek, M. A., & Saint Maur
des Fosses, F. (2015) 10.05 Gravity and Topography of
the Terrestrial Planets. In G. Schubert (Ed), Treatise on
Geophysics (Second Edition) (pp. 153-193). Elsevier.
https://doi.org/10.1016/B978-0-444-53802-4.00169-X
[7] Giilcher, A. J., Yu, T. Y., & Gerya, T. V. (2023).
Tectono-Magmatic Evolution of Asymmetric Coronae
on Venus: Topographic Classification and 3D Thermo-
Mechanical Modeling. Journal of Geophysical Re-
search: Planets, 128(11), ¢2023JE007978. [8] Ba-
silevsky, A. T. (1992). Global Tectonic Style. In Barsu-
kov, V. L., et al. (Eds.), Venus Geology, Geochemistry,
and Geophysics: Research Results from the USSR (pp.
140-152). University of Arizona Press.



