
LPSC x;W 1551 

COMPUTER SIMULATION OF LAVA FLOW EMPLACEMENT ON THE 
TERRESTRIAL PLANETS. J.R. Zimbelman, CEPSINASM, Smithsonian Institution, 
Washington, D.C. 20560. 

A computer program developed to simulate lava flows on volcanoes in Japan 
(Ishihara et al., 1990 [I]) has been evaluated for its applicability to the simulation of 
lava flow emplacement under conditions present on various planetary surfaces. A 
"standard caseJJ for the parameters in the computer code (Table 1) was used as a 
referent for simulations in which the effects of individual parameters were examined. 
Results obtained to date indicate that the following general guidelines should be 
followed when using the lshihara code: 1) conditions should be restricted to a regime 
where gravity-driven flow is dominant (slope > 1 O), 2) gravitational acceleration should 
be equal to or greater than lunar gravity (g > 1.6 m s-2), 3) effusion conditions should 
result in a volume-limited rather than a cooling-limited flow, and 4) only basaltic lavas 
can be simulated with the rheologic parameters provided with the original code. 
These guidelines eliminate many situations where flows are observed on planetary 
surfaces. New formulations of the basic flow conditions will be required to obtain 
simulations relevant to most planetary conditions; it appears unlikely that simple 'Yixes" 
can be applied to the lshihara code to simulate accurately many planetary lava flows. 

A computer code was developed to simulate lava flow emplacement on a digital 
elevation model, and it reproduced both the orientation and the thickness of historic 
lava flows in Japan [I]. The basic lshihara code has been modified to keep lava from 
moving upslope and to allow for limited pressure-driven flow on shallow slopes [2]; this 
modified program was used to study the effects of individual parameters on lava flows 
under varying conditions [2-31. Simulations have been restricted to a uniform inclined 
plane so that the resultant flow shapes could be directly compared. Lava properties 
and computational parameters were held constant for each simulation so that effects of 
four parameters (gravitational acceleration, effusion rate, effusion temperature, and 
topographic slope) could be examined individually (Table 1). Effusion rate and 
duration were adjusted to maintain a constant total volume of extruded lava in all 
simulations. The parameter ranges examined were: gravitational acceleration (0.29 to 
29.4 m s*), effusion rate (31.25 to 125 m3 s-I), effusion temperature (1 000 to 1200°C), 
and slope (0.5 to IS0). Flow length was observed to increase approximately linearly 
with slope (Fig. 1) and with effusion temperature. Variations associated with effusion 
temperature are dependent upon the particular expressions used in the published 
code for yield strength and viscosity as a function of temperature, relationships based 
on very limited field measurements. Flow length was observed to increase 
logarithmically with gravity (Fig. 2), a relationship very consistent for conditions of lunar 
gravity or greater, but which breaks down for g c 1.6 m s-2. Flow length was only 
weakly influenced by effusion rate. These initial results led to the guidelines listed 
above for use of the published version of the simulation code. Studies are ongoing to 
identify formulations that will better accommodate many planetary environments. 
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Table 1. Standard conditions. Parameters at right were varied individually. 
Lava Density 2500 kg m-3 Gravity 9.8 m s-2 
Solidus Temperature 800°C Effusion Rate 62.5 m3 s-1 
Topography Grid Size 25 m Eruption Temp. 1 100°C 
Time Increment I s Slope 2 O 
Total Erupted Volume 1,125,000 m3 
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Figure 1. Variation in flow length with slope (on a uniform inclined plane), all other 
parameters held constant. See Table 1 for standard conditions of simulation. 

GRAVITY 

Gravity (m s-2) 

Figure 2. Variation in flow length as a function of gravity, all other parameters held 
constant. See Table 1 for standard conditions of the simulation. 
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