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State University, Tempe, AZ 85287-1404; 2~esearch School of Earth Sciences, Australian 
National University, Canberra 0200, ACT, Australia. 

The venusian "pancakes" brought silicic lava domes to the attention of many planetary 
geoscientists. Lava domes have also been compared with certain constructs on the Moon, 
Mars and icy satellites. The principal unresolved questions about domes are how their 
overall shape (morphology) and surface structure (texture) relate to their composition and 
mode of emplacement. Because few terrestrial domes have been carefully monitored while 
active, various attempts have been made to model their growth in the laboratory and in 
theory. Here we present the results of 21 new analog experiments using suspensions of 
polyethylene glycol (PEG) wax and kaolin (clay) powder injected into tanks of cold water. 
The resulting extrusions exhibit a progression of morphologic and textural features 
common to natural domes, with transitions depending on the relative rates of eruption and 
cooling. The identification of similar features on extra-terrestrial flows may expand our 
ability to infer their composition and cooling history. 

We have earlier published results of analog laboratory studies showing (a) how the 
height to diameter (aspect) ratios of domes depend on how episodic or continuous their 
emplacement was [I],  and (b) how the dominant structures found on a given lava flow or 
dome depend on the ratio of cooling rate to emplacement rate [2,3]. Those experiments all 
used subaqueous extrusions of PEG 600, a commercially available wax that develops a 
solidified crust upon cooling. As in mafic lavas, the dynamics and morphology of PEG 
flows are dominated by the strength of a solidified surface crust that forms upon cooling. 
In contrast, silicic lavas have relatively high strengths even before they cool. In order to 
better model the behavior of silicic domes and flows, we mixed clay powder with PEG in a 
ratio of 2:3 to produce slurries with a temperature-dependent Bingham rheology similar to 
that of more silicic magmas. 

Slurry at a temperature (Tl) of 2 1 "C (solidification point Ts = 17°C) was pumped into a 
tank of water held at an ambient temperature (Ta) between 4 and 20°C. In most experiments 
the flow rate Q(t) was held constant but in one the extrusion was turned off and on at two 
minute intervals to simulate episodic eruption. In two others the eruption rate declined 
steadily according to V=Sta, where V is volume, S and a are constants (S=Q when a=l ) ,  
and a was either 0.8 or 0.6. In most runs the floor was smooth but in five the base was 
scored to investigate the effects of underlying roughness. Experiments were recorded with 
side and top videos and still cameras. 

The PEGIkaolin flows developed a series of characteristic morphologies depending on 
relative rates of eruption and cooling. Morphology could be defined at two scales: overall 
shape and surface roughness or texture. These features correlated with each other and with 
eruption conditions. Highest effusion rates or lowest cooling rates yielded circular flows 
covered by conjugate sets of spiral fractures that divided the surface into rhomboid 
fragments (Fig. la). As crust growth rates increased relative to eruption rate, margins of 
the circular flows became crenulated and eventually lobate, with individual lobes becoming 
progressively wider and thicker, separated by deeper and more distinct fractures. Lobate 
flows also had coarser surface texture. Under still colder (or slower) eruption conditions, 
slurry continuously extruded from these cracks, producing lobes with striated surfaces 
(Fig. lb). The most rapid cooling led to the emergence of upward-growing spines, stellate 
outlines, and relatively smooth surfaces (Fig. lc). The clear correlation among 
morphology, texture, and eruption conditions meant that final shapes and the relative 
thickness of crust could be predicted based on the early appearance of a slurry dome. 
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These morphologic transitions can be illustrated on a plot of dimensionless temperature 
(8) versus Peclet Number (Pe), where O=(Tl-Ts)/(Tl-Ta), Pe=(QgAp)/(z~), g=gravitational 
acceleration, Ap=the density difference between slurry and water,  slurry yield strength, 
and K= slurry thermal conductivity (Fig. 2). Recognition of similar morphologic 
characteristics in domes seen on earth or other planets where cooling conditions can be 
calculated may allow eruption rates and compositions to be constrained. 
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Fig. 1. Overhead photographs of kaolin/PEG domes under conditions favoring 
progressively greater crust strength. (a, upper left) Low, circular flow with spiral surface 
fractures formed under relatively warm conditions: Q = 1.1 cm3/s, T, = 20°C, t = 809 s. 
(b, upper right) Stellate flow with striated surface and distinct lobes separated by 
pronounced fractures, formed under moderate flow rate and cooling conditions: Q = 1.1 
cm3/s, Ta = 10.8"C, t = 1801 s. (c, lower left) Spiny flow with smooth surface extruded at 
lowest eruption rate under coldest conditions: Q = 0.6 cm3/s, T, = 4.9OC, t = 1740 s. Tank 
is 30 cm on a side. 

Fig. 2 (lower right). Experimental data plotted on graph of Peclet Number versus 
dimensionless temperature, 8. Crust growth is favored by conditions represented in the 
lower right corner of the plot. Domes shown in Figs. la-c formed under conditions 
corresponding to circular, lobes, and spines, respectively. 
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