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Summary Assuming that lava flows behave as non-isothermal laminar Bingham fluids, 
we developed a numerical code of lava flows. We take the self gravity effects and cooling 
mechanisms into account. The calculation method is a kind of cellular automata using 
a reduced random space method, which can eliminate the mesh shape dependence. We 
can calculate large scale lava flows precisely without numerical instability and reproduce 
morphology of actual lava flows. 

There is no direct observation or physical measurement of active lava flows on extra- 
terrestrial planets. Morphological data are the most important key to know their rheolo ical a properties or eruption conditions. On the Earth, rheological properties of lava flows, suc as 
viscosity and yield strength, and eruption conditions like eruption temperatures, gas contents 
and flow rates, are sometimes estimated or measured directly. But it is difficult to make 
simple relationship between these parameters and their morphologies, because the parameters 
controlling the lava should change in space and time, and also because actual lava should 
flow over complicated topographies. 

Numerical simulation is an effective approach because it deal with many parameters 
simultaneously and can of calculate flows on arbitrary topographic feature. A number of 
attempts of lava flow simulations have been done[l-61. However, most of previous works were 
developed for makin hazard maps using over simpl~fied models. Among them, the method 
proposed by ~shiharJS] seems to  be more realistic. This method is based on the downslope 
Bingham flow model But, the model is valid only on inclined planes, 
and it did not gradient due to  the variation of flow 
depth across the flow. model and claimed to have developed 
more realistic code[6]. 

Here, we improve Ishihara model considering the effect of self gravity. And also, we 
developed a reduced random space method of cellular automaton to eliminate the mesh 
dependence which is a famous and significant problem of cellular automata method. 

First we consider the pressure driven flow on this model. A cross section of a flow and the 
co-ordinate system is shown in Fig. 1. We are mainly interested in the case where the angle of 
the slope a is sufficiently small, and the vertical flow motion can be neglected. Navier-Stokes 
equation in a steady state is simplified to  be: 

where 7 is the viscosity, u is the flow velocity, h is the flow thickness, g is the acceleration 
due to gravity, p is the flow density and Sy is the yield strength. Starting from this equation, 
we derived the flow rate per unit width that is expressed as; 

where a = h/h,,, h,, is the critical thickness below which the fluid does not move: 

In the above, the pressure gradient due to flow thickness change is considered through 
the angle P. 

As for the cooling mechanism, we take into account radiative heat loss, but neglect heat 
conduction and viscous dissipation as the Ishihara's method. By changing the emissivity, we 
emulate the effect of other effect such as suppression of heat loss by surface crust. 
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If a lava erupts on a flat plane, the lava should spread axisymmetrically under its own 

hydrostatic pressure. However, results of previous method[5] depend on the square shape of 
meshes. The calculated length of lava which goes down in the direction of meshes is about 
1.3 times longer than that in the diagonal direction. 

We developed a reduced random space method which can eliminate the dependence on 
mesh direction (Fi . 2). Using this method, we developed a realistic code which can reproduce f the morphology o existing small scale lava flows and have a potential to calculate large 
scale lava flows without numerical instability[9]. We make sure that the our method can 
be applied to some terrestrial and Venusian lava flows of various scales as well as Venusian 
crater outflow[lO]. Fig. 3 is an example of calculation results using the conditions provided 
by field observations. The numerically obtained morphology shows the same as actual flow. 
The reported time of lava precession is also consistent with our calculation. This may suggest 
that this method - is applicable to estimate - .  the physical properties or eruption conditions of 
existing lava flows by adjusting morphologies. 
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Fig. 1 A downslope section of lava flow Fig 2 Result of previous cellular au- 
shown with the co-ordinate system. tomata on a flat plane ( left figure ), 

and of this work ( right figure ). We 
have no dependence of the shape of 
cells. 

Fig. 3 The result of simulation of 1983 
Miyakejilila lava flow ( left figure ) in corn- 

- 

parison with the actual flow ( right figure 
). Most parts show the same as actual flow 
except lava vents. 
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