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Introduction:  Volcanoes and their deposits are 

ubiquitous on Venus, being some of the most 
recognisable geological phenomena in the surface 
record. Clues to their origin, mode of formation, 
composition, and style of eruption can be gathered on 
inspection of the wealth of data acquired over more 
than 50 years of modern Venus observation, from the 
Russian probes and landers of the 60s, 70s, and 80s, 
through Magellan’s mapping cycles in the 90s to the 
highly successful Venus Express spacecraft operational 
today. 

The physical and chemical properties of the 
atmosphere that erupted material is injected into have a 
strong control on plume behaviour and are what makes 
the process of plume generation on Venus different to 
that on Earth. Venus has a dense CO2-dominated 
atmosphere enshrouded in thick sulphuric acid clouds. 
At the mean planetary radius (MPR, ~6051.8 km) this 
results in an atmospheric pressure of ~9.2 MPa and an 
atmospheric temperature of ~730 K due to the intense 
greenhouse effect [1]. These factors inhibit explosivity 
and plume rise by inhibiting magma fragmentation due 
to vesiculation, and by reducing the plume-atmosphere 
boundary temperature contrast, respectively. Both the 
pressure and temperature are strongly altitude 
dependent, however, and diminish rapidly with altitude 
into conditions more conducive to plume buoyancy. 

When conducting an investigation into what may 
characterise the eruptive style of volcanoes under these 
conditions, a broad array of environmental, chemical, 
and physical factors must be considered. 

Methods: The core of this investigation was based 
on the linking of two previously developed models of 
volcanic processes that can be parameterised for 
Venusian conditions. The conduit flow model 
‘Conflow’ [2] in order to simulate processes below the 
surface, and the volcanic plume model described in [3] 
in order to simulate processes above the surface. The 
approach taken here is to conduct a comprehensive 
study of the mass flux threshold (by way of vent 
diameter as a proxy) between buoyancy and collapse 
using realistic assumptions of initial physical and 
geological conditions to obtain a best estimate of the 
initial vent parameters with which to calculate the 
threshold boundaries at various temperatures, volatile 
contents, and elevations. 

For this study, a basalt with a bulk chemical 
composition set to that of the Venera 14 analysis [4] 
was modelled ascending through a cylindrical basaltic 
conduit from shallow (2 km) and deep (10 km) magma 
chambers with source temperatures ranging from 1200 

to 1700 K, and H2O 1-5 wt%. By varying the vent 
diameter, the boundary between column buoyancy and 
collapse was determined within these parameter 
ranges. To determine whether or not the eruptions 
could indeed fragment and erupt explosively, a 
threshold was set assuming a lowest feasible volume 
fraction of 0.7 is required for fragmentation to occur.  

Results: An example of the model output is pro-
vided in Figure 1 for a shallow chamber feeding a vent 
at an elevation of 2 km above MPR. The exit velocities 
calculated by Conflow upon which plume modelling 
was based necessarily vary along the plot in order to 
maintain the premise of ‘realistic’ vent conditions on 
eruption. The highest velocities attained using this 
modelling approach were 276 m s-1 for the shallow 
chamber and 356 m s-1 for the deep chamber. These 
upper limits are based on a modelled maximum vent 
size of 500 m in diameter. Results from the explosiv-
ity/buoyancy modelling study were then used in con-
junction with the interpretation of terrains characteris-
ing some preliminary case studies to provide con-
straints on the eruption parameters suggested by the 
various observed deposits. Difficulty in confidently 
identifying certain deposit types (e.g. pyroclastic de-
posits) is, however, problematic when making such 
interpretations. 

When selecting case studies, localities were sought 
that provide examples of deposits that suggest a range 
of potential styles of volcanic activity upon which to 
test the models and impose constraints upon volcanic 
processes. Once selected, the available satellite data 
(primarily from the Magellan data repository) from the 
subject region was acquired and, from those, the values 
of various measured/derived surface properties could 
be extracted upon which to base the interpretation of 
the corresponding volcanic terrains in question. 

Using Central Eistla Regio as an example, deposits 
identified as being suggestive of a pyroclastic origin 
[5, 6] (Figure 2) can be used to test the model results 
and impose constraints on the conditions prior to, and 
during, eruption of those deposits. Assuming a shallow 
magma source, Figure 1 can be used to investigate the 
likely conditions. If explosive volcanism has been ini-
tiated in some form, Figure 1 shows that for this to 
occur from a shallow magma chamber, melts contain-
ing 3% H2O or less could only behave explosively 
from comparatively small volcanic vents, indeed, even 
at 1700 K and 3% H2O, the vent must be smaller than 
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41 m in diameter. However, this type of activity is 
much more likely to occur, but much more poorly con-
strained, at higher volatile concentrations allowing 
explosive collapsing fountains even from relatively 
low temperature magmas. 
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Figure 1. Results of the combined conduit/plume modelling 
approach describing the theoretical response of a volcanic 
eruption on Venus for a chamber depth of 2 km and a vent 
altitude of 2 km above MPR. Solid lines correspond to the 
predicted boundary between column buoyancy (below) and 
collapse (above). Dotted lines correspond to the predicted 
boundary between effusive activity (above) and explosive 
activity due to magma fragmentation (below) assuming the 
lowest feasible gas volume fraction required for fragmenta-
tion is 0.7. 

 
Figure 2. Magellan SAR map of a region of Central Eistla 
Regio. The 2 km above MPR volcano Irnini Mons (14°N, 
16°E) displays deposits of potentially pyroclastic origin 
(15°N, 13°E and 15.5°N, 15°E) 
 

It has been suggested [7], and frequently cited [e.g. 8, 
9, 10], that plinian volcanism could be the cause of 
episodic injections of SO2 detectable above the clouds 
(~70 km) on decadal timescales. If this is indeed the 
case, it is possible to use the model results to identify 
the conditions that would be required to result in this 
behaviour. Using Maat Mons as an example (see Fig-
ure 3), a shallow magma source could feasibly produce 
a sustained explosive volcanic eruption from a small 
vent (no more than 35 – 68 m in diameter) with an 
H2O content of ≥3% and a temperature in excess of 
~1300 K. 
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Figure 3. As Figure 1, but for a vent altitude of 8 km to 
(conservatively) illustrate conditions at Maat Mons. 
 
Using this combination of modelling and analysis of 
radar datasets, new constraints on the conditions result-
ing in different styles of Venusian volcanism can be 
ascertained within the limits of certain necessary as-
sumptions. 
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