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Introduction:  Coronae are quasicircular volcanic-

tectonic features seemingly plentiful and unique to 

Venus [1]. Coronae are generally 100 to 1000 km in 

diameter and feature geologically complex interiors, 

possibly including volcanic domes and/or an annulus of 

discontinuous ridges surrounding the interior [2]. 

Extensive (104-106 km2) lava flows are associated with 

>40% of coronae [3] and giant radiating dike swarms, 

generally larger than 100 km in radius, often surround 

coronae [4]. Coronae are generally thought to form as 

lithosphere is lifted in response to some buoyant force 

such as mantle plumes, diapirs, magma intrusions, or 

delamination, and then collapse creating the 

compressional annulus of ridges [e.g. 5, 6, 7]. 

Coronae are clearly formed due to some uplift 

process, which includes at least some melt generation as 

expressed in the associated volcanism, however the 

influence of melt behavior has been understudied due to 

computational complexity. Here we present preliminary 

results on the formation of coronae in a new coupled 

magmatic-tectonic numerical model including two-

phase flow melt migration. 

Model:  We model corona formation as surface 

deformation due to the rise of a hot, melt-generating 

mantle plume (Figure 1). We use a modified version of 

the finite element code ASPECT 2.2.0 [8,9,10], 

adapting the existing melt migration code [11,12] to 

include a simple implementation of non-Newtonian 

viscoplastic rheology. For models with melt migration 

ASPECT operates by solving a series of equations for 

velocity, pressure, temperature, and porosity 

representing the behavior of silicate melt flowing 

through a viscously deforming solid matrix.  

The ductile viscosity follows the formulation of [7] 

using a dry olivine flow law for the mantle and 

plagioclase An75 flow law for the crust layer [13]. The 

eclogitization of crustal material is implemented 

through the experimentally determined relationships of 

[14]. The melting and crystallization behavior follow 

the parameterization of [15] for dry peridotite. The top 

boundary of the model is a free surface [16] to allow for 

the generation corona topography. 

Results:  All models initiate with the hot, buoyant 

plume body rising through the asthenosphere. Melting 

in the plume body initiates in all models as the solidus 

is passed at shallower depths. In all but one case, the low 

viscosity, partially molten plume body encounters a 

high viscosity boundary at the base of the lithosphere. 

This boundary exists due to the colder mantle rheology 

at this depth. The more viscous plume body spreads 

laterally against this boundary over 100’s of kilometers 

(Figure 2). As the plume initially rises, a surface bulge 

is generated over the first ~50,000 years, however as the 

plume spreads laterally the buoyant support under the 

bulge is lost and begins to collapse (Figure 3). The 

collapsing bulge generates a rimmed structure with a 

progressively deepening central depression, consistent 

with actual corona topography. The topographic high of 

the rim is supported by an underlying melt pocket at the 

base of the lithosphere which shrinks and moves 

laterally over the course of the model. 

Figure 1 – Model set up. A crust of thickness Hcrust exists at the top of the domain while Hlith describes the lithosphere 

thickness, defined as the 1300 K isotherm. The initial mantle plume is defined as the half circle region at the left 

boundary with a radius of Rplume and an initial temperature of Tplume. The center of the initial plume is at 300 km depth. 

The top boundary is a free surface and the other three boundaries are closed. 
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For models with relatively thin lithospheres (40 km) 

and thick crusts (45 km), the high viscosity layer does 

not exist, as the deep crust has a lower viscosity than the 

mantle, and the partially molten plume rises through the 

crust. As the magma body rises, displaced crustal 

material accumulates at its edges, thickening the crust 

and initiating eclogitzation. The high density eclogite 

starts a more accelerated delamination which produces 

a surface trough several kilometers deep.  

Discussion: With the unrealistic above exception, 

our models do not replicate the lithospheric plume 

penetration models of [7]. Our models initiate with the 

plume body deeper in the mantle than [7], so where our 

models encounter an impermeable boundary, their 

plume is initially already embedded in this layer and the 

magma body can rise further. Essentially the initial 

viscosity profiles of the two models is different. While 

our models recreate corona-like topography, no melt 

can rise to crustal levels to generate the lava flows 

associated with actual corona. 

As the plume body spreads laterally against the base 

of the lithosphere, pockets of melt (up to 25% porosity) 

are emplaced into the base of the lithosphere, 100’s of 

kilometers laterally away from the initial plume 

location. Current models crystallize all melt as the 

plume body spreads and cools. A deep-rooted plume 

with a continuous supply of heat and fertile mantle 

would replenish melt pockets becoming plutonic 

intrusions. Widespread plutonic intrusions may supply 

melt for the surface flows missing in our model, and 

may be indicative of a “plutonic-squishy lid” tectonic 

regime on Venus [17].  
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Figure 2 – Example internal model results after 100,000 years, showing temperature and melt concentrations 

(contours). Model parameters are Rplume = 130 km, Tplume = 1888 K, Hcrust = 30 km, Hlith = 40km. 

Figure 3 - Topography results for model described in 

Figure 2. 
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