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Understanding the movement of magma in dikes is important on the terrestrial planets, where 
dikes can feed large lava flow fields, [I], [2]. There are many models which describe the heat 
loss from a magma filled dike, including solutions for stationary bodies of magma, 131, [41, [SI, 
and models which include the effects of advection, [6], 171, [8]. Analytical solutions produce 
accurate results where approximations to geometry and material properties can be made, but, if 
a model describing a dike of changing dimensions and a magma with temperature-dependent 
properties is required then a numerical approach is necessary, [8]. The problem of magma flow 
in dikes was considered using the techniques of computational fluid dynamics (CFD), which in 
this case used a Galerkin formulation of the finite-element method to solve simultaneously the 
momentum and mass conservation equations of the system. The inclusion of an energy 
conservation equation is also required if heat transfer processes are important. In addition to 
modelling simple dike shapes, we have analysed heat loss from the Pu'u '0'0 feeder dike in the 
East Rift Zone of Kilauea Volcano, Hawaii. 

Probably the greatest advantage of a numerical solution to magma flow problems is the ease 
with which temperature, strain-rate, and species dependent rheology models can be included. A 
simple exponential temperature dependency was used in the present analysis, [9], but the 
method also permits the effects of suspended crystals and bubbles, [lo], temperature dependent 
yield strengths, 1111, and strain-rate dependent viscosities, [12], to be included. 

Transient analyses allow the growth of the solidifying layer of magma at the dike walls, and 
the subsequent changes in flow dynamics, to be examined. The heat added to the system at the 
melt/solid interface can be included as an enthalpy term or as direct latent heat release. In 
common with all the other material properties the amount of energy liberated is temperature 
dependent. The influence of the viscous dissipation term will depend on the dike geometry, the 
driving pressure, and the size of the viscosity/temperature dependency. In some cases the 
effects will be negligible, but it has been shown to be important for some dike systems, [8]. 
Under extreme conditions there is also the possibility of thermal runaway, which will rapidly 
promote conduit blocking, or melt back regimes, [7]. This positive feedback system can 
produce extreme instabilities in the numerical approach. 

The method was used to investigate the flow of magma that fed the 1984 eruptions of Pu'u 
'0'0 in the Eastern Rift Zone of Kilauea Volcano, Hawaii. Using known dimensions of the 
feeder dike, [13], and driving pressure gradients derived from summit tilt recordings, [14], the 
CFD simulation was set up using the commercial package FIDAP to model the initial start-up 
of the magma in the conduit and the developing flow profile. The decreasing driving pressure, 
which in part determines the duration of the eruption, was included as a time dependent 
boundary condition. The dike was assumed to be 18 km long, the first 16 km of which are 
parallel sided and 3 m wide, with the last 2 km necking to 30 cm wide at the eruption site. The 
vertical dimension of the dike is assumed to be great enough that it can be ignored, reducing the 
problem to two-dimensions, and so the effects of gravity and buoyancy can also be omitted. 
Figure 1 shows the start-up of the magma in the Pu'u '0'0 feeder dike for episode 25 of the 
1983-1986 eruption, which is initially at rest before the required driving pressure is applied at 
the dike inlet. The inlet temperature is assumed to be 1473 K. Figure 2 shows the velocity 
profile across the dike outlet 10 minutes after the start of the eruption. The centreline of the 
dike is at 0.0 m and the solidified region can be seen at the dike wall between 0.11527 m and 
0.14409 m. The velocities at the outlet are an order of magnitude higher than those at the inlet 
due to the decrease in dike width. Figure 3 shows the temperature profile across the outlet from 
the centreline to the dike wall and 0.3 m into the country rock, after 10 minutes. 

It has been suggested that the development of a yield strength in the narrow section of the 
Pu'u '0'0 feeder dike due to preferential cooling controls the cessation of an eruption, and not 
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necessarily just the drop in driving pressure to zero, [13]. The present work will therefore be 
extended to include magmas with temperature dependent yield strengths, and the dynamics at 
the end of eruptions will be investigated. 
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