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Calderas are common large-scale features on the Earth, Venus, Mars, and 10. Large-scale 

caldera formation has never been witnessed on Earth, but has been observed at least on 10. Triton 

has abundant eruptive activity which is modelled in this paper, but we consider this activity more 

appropriately described by the words 'geyser eruptions' than 'caldera eruptions', even though the 

scale is caldera-like. Planetary volcanic phenomena have provided us a rich data base for 

comparison and contrast of the processes of eruption, and for development of geological and 

fluid-dynamical models based on the planetary observations, combined with terrestrial field 

evidence, detailed geochemical, geophysical, and geomechanical properties of earth materials, and 

on fluid-dynamic principles. In this paper, we examine the fluid-dynamical processes that occur in 

major caldera-scale volcanic and geyser eruptions on Earth, Venus, Mars, Triton and 10 by using a 

two-dimensional, multiphase numerical model. We focus on aspects of the processes and 

dynamics not easily obtained from the parametric models, such as unsteady to steady flow 

transitions, development of complex internal flow fields visualized by particle distribution, overall 

shape of eruption columns, velocity and temperature fields as a function of time into an eruption 

and distance from a vent. We discuss specifically the effects of pressure ratio (vent:atmosphere), 

gravity, gas chemistry, size of entrained particles, and atmospheric temperature. 

As the following Table demonstrates, the range of planetary parameters that must be explored 

is enormous: 
Table - 

Planet g Tatm patm Composition 

Earth 9.8 3 00 1 .O H20, C02, N2,.. 
Venus 8.6 700 100 C02, S02, .. . 
Mars 3.8 273 6-8 x 10-3 C02, H20, ... 
10 1.8 130 l 0 - ~ - 1 0 - ~ ~  S O ~ , S ,  ... 
Triton 0.9 3 8 16 x 10-6 N2, CW,... 

We have chosen to take the approach of studying one particular type of eruption, and 

examining how this eruption would change in response to the major planetary environmental 

factors as a whole [defined by gravity, atmospheric pressure and (average) temperature, and--to a 

lesser extent--gas composition]. For our reference case, we have chosen a terrestrial eruption 

through a vent of 200 m radius that produces a Plinian eruption column of intermediate size, and 
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would be typical of an eruption associated with the formation of a caldera of the size of the Valles 

caldera, New Mexico. 

The approach used is that of [1,2,3,4,5] based on explicit numerical solutions of the equations 

of conservation of mass, momentum, and energy. The governing equations of motion and 

constituitive relations form a system of 8 partial differential equations and 8 algebraic equations 

with 16 dependent variables [3]. 

Variations in gas composition, the value of the acceleration of gravity (g), and atmospheric 

temperature cause quantitatively different phenomena from planet to planet, but do not introduce 

non-intuitive effects. One of the most interesting phenomena resulting from these variables is the 

effect of entrainment of atmospheres of different initial conditions, such as temperature and 

density, into the plume, and the resulting effects on buoyancy and mixture temperature. For our 

chosen Plinian eruption conditions, pyroclastic flows form under both terrestrial and venusian 

conditions, but the flows on Venus are substantially hotter at large distances from the vent than 

those on Earth. We propose that this may lead to rheomorphic lava flows that would be difficult 

to distinguish from liquid-like lava flows, and would conceal an actual pyroclastic origin in the 

morphology of the emplaced ejecta. 

Variations in atmospheric pressure and, more specifically, the ratio of vent:atmospheric 

pressure cause the largest qualitative and nonintuitive variations in fluid mechanics. This pressure 

ratio determines whether the near-vent conditions are sub- or supersonic, the form of the flow- 

field for many vent radii, and the overall shape of the eruption column. For example, if the vent 

pressure of a caldera eruption on Mars is taken equal to the ambient atmospheric presssure of a 

few millibars, the eruption column formed is a neutrally buoyant plume that carries ejecta a few 

tens of kilometers into the atmosphere, where it disperses laterally. In contrast, if the vent 

pressure is one bar--a factor of several hundred greater than atmospheric pressure, the plume 

resembles an overpressured supersonic rocket nozzle above the vent, and throws ejecta at high 

velocity on oblique trajectories. These ejecta reimpact -10 km from the vent, and form 
pyroclastic flows as well as a Plinian column. The fluid dynamic behavior of the erupting mixture 

is non-linear and so non-intuitive. Therefore, inferences from the models to interpretation of field 

or photo features must be made cautiously. Likewise, inferences from field or photo data should 

take account of new developments, such as computer simulations, that place rigorous constraints 

on plausible planetary processes. 
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