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Lava that behaves as a Bingham plastic will build domes whose shapes are dependent upon gravity and the yield 
strength and density of the lava [I]. Here we explore implications of an assumed Bingham rheology for the interpre- 
tation of lava dome aspect ratios, using a combination of scaling arguments, comparisons with terrestrial observa- 
tions, and laboratory simulations. We point out that evaluations of dome shape must first consider the total volume 
and gravity before any compositional information may be deduced Discrepancies between measured shapes and those 
predicted by scaling laws can then be related to such details of the cooling history as the number of episodes needed 
to emplace the total volume [2] or the degree of brecciation at the flow front 

In the absence of a solid crust, dome shape reflects a balance between buoyancy caused by the lava weight which 
pushes outward (FB) and resistance to spreading (Ft) caused by the basal shear seess (7): 

where g is gravity, p is lava density, h is the dome height, r is the dome radius, and 3.23 is an empirical constant 
derived from laboratory measurements of viscoplastic domes [I]. Because the strain rates in growing domes are very 
low, the shear stress will be effectively matched by the yield strength (rO) so that (after rearranging): 

r = 0.323 T h2 (3) 
where g, p, and 70 have now been combined into a single parameter r=gplro which has units of m-l and incorporates 
variations in magma composition. 

The volume (V) of a circular dome with height h and radius r is given by: 

or, by combining equations (3) and (4), 

Equation (5) can be rearranged to give an explicit expression for the aspect ratio (A): 

This allows us to predict the aspect ratio for domes of a given V, g, and composition (as represented by 70 and p). 
To illustrate the implications of this scaling relation, we compare the observed and predicted aspect ratios for 

some terrestrial and lunar domes (Fig. 1). The lines were constructed by assuming fixed yield strengths of 6.103 and 
3-lo5 Pa, and densities of 2700 and 2200 kg.m3 for basalt and rhyolite, respectively 13-51. During early stages of its 
emplacement, the Mount St Helens (MSH) dacite dome [6] had an aspect ratio that plots appropriately between 
those for basalt and rhyolite values. However, after six years the dome had gone through more than 15 intermittent 
pulses of endogenous and exogenous growth, resulting in an aspect ratio greater than that expected even for rhyolite. 
The Soufriere dome [7] also had an aspect ratio greater than that predicted for its basaltic andesite composition, 
although as it grew, its height-to-diameter ratio decreased with volume, in accordance with equation (6). A typical 
lunar dome from the Marius region [8], considered to be basaltic on the basis of photogeologic evidence [9], has an 
aspect ratio that plots somewhat higher than predicted for that composition. 

In order to investigate whether the above discrepancies in aspect ratio might be related to extrusion history, we 
conducted a series of laboratory simulations of lava dome growth [2,10]. In each experiment a fixed volume of 
polyethylene glycol (PEG) was pumped at a constant rate into a tank of cold sucrose solution. PEG has a tempera- 
ture-dependent Newtonian rheology, but develops an effective yield strength when its surface cools below the solidi- 
fication point. In the experiments we varied the number of episodes over which the same total volume was erupted. 
For continuous effusion the aspect ratio decreased with increasing volume, following equation (6)Uust as for the 
Soufriere dome). In contrast, episodic extrusion caused aspect ratios to increase along with volume (as at MSH). 

Cooling during repose periods apparently increases the thickness and effective yield strength of the crust for 
episodic eruptions, leading to higher domes. Cooling during continuous extrusions causes the effective yield 
strength to increase by a fixed amount that does not change with erupted volume. Thus aspect ratios decline as 
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domes grow. These results suggest that mafic lavas with low yield strengths can form dome-shaped constructs when 
gravity is low, eliminating the need to invoke more silicic compositions for lunar domes such as the Marius Hills 
[ll]. Furthermm, domes of a given composition that grow by continuous effusion should have aspect ratios pro- 
portional to their total volumes, whereas intermittently emplaced domes should not. 

Because many venusian "pancakes" appear to lack significant talus aprons, their relatively high aspect ratios [12] 
must be explained by a combination of silica-rich chemistry and episodic effusion rather than resistance caused by 
flow-front brecciation and surface crust Episodic rathex than continuous effusion permits the domes to have been fed 
by smaller molten reservoirs, possibly formed by local differentiation of more mafic parental magmas. 
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Figure 1. Lava dome aspect ratios as a function of total erupted volume. Note that Soufriere data are consistent with 
an andesitic yield strength enhanced a uniform amount by brecciation whereas Mount St. Helens data requite that the 
effective yield strength of dacite increase with erupted volume. Marius dome data point consistent with basalt yield 
strength enhanced either by brecciation or episodic growth. 
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