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Formation of continuous ridges in grabens of icy satellites is numerically analyzed to estimate 
viscosity of erupted icy materials. Uranian satellites Ariel and Miranda have morphological 
structures where a continuous swell fills graben (chasma) floor. The continuous ridge runs 
parallel to the graven walls. In several chasmas (Kewpie, Vallis, Pixie) on Ariel, a continuous 
fracture run on the top of the swell. Jankowski and Squyres presented the model that erupted 
materials along the axis of the valley should spread a short distance laterally by gravity [I]. This 
"gravity current" model was originally considered as an explanation of lava domes and flows 121. 

For constant volume and viscosity, the outer boundary of the flow proceeds in proportion to 
t1I5. Asignment of flow timescale should give the final shape of the structure. Jankowski and 
Squyres adopted a cooling time by heat conduction rcWl=h2/~  (h  and^ being flow height and 
thermal diffusivity) and obtained high (in solid state) viscosity (-1016[Pas]). They advocated that 
solid-state cryovolcanism is dominant on Uranian icy satellites. On the other hand, Schenk [3] 
used a cooling time by radiation from the surface ~,~=phCd~dir ,3  and obtained -1012[Pas] as 
flow viscosity. We consider that cooling time should not be directly applied to the time scale of 
the gravity current, which is controlled by viscosity. Since temperature dependence of viscosity is 
approximated by p = exp(E/RT) (E and R being activation energy and ideal gas constant, 
respectively), the typical time is expressed by 

The parameter a is about 30 (silicate), 30 (w ice), and 20 (H20-NH3 ice) when temperature is 
just below the melting temperature [4]. The flow timescale should be 1/20 - 1/30 of the cooling 
time. Then for the same aspect ratio of the final shape, required initial flow viscosity should be 
lower than previous estimates. 

We simulated a two-dimensional gravity current taking into account change of viscosity with 

time: v = v, exp(t / r,,) = v, exp(m/ 7,). Tirnescale is normalized by r = (12v0 / g ) ( ~ 2  I K 3 )  
where X and are nominal lateral distance and vertical height, respectively. Figures 2 show the 
case where the total volume is constant. At high a, the flow should stop moving quickly to give a 
lower aspect ratio for the final shape. Figures 3 show the case where there is fluid injection at 
x=O. Change of the aspect ratio for different a is larger. We also calculated the case where 
eruption rate decays. Comparing with actual landforms, we can obtain the initial viscosity of the 
flow for each case. In the constant volume case where a=30 (lo), vo can be 100 (22) times 
smaller than those of the previous estimates. 

Several efforts have been done to explain the difference of theoretically-estimated higher 
viscosity and experimentally (and observationally) obtained lower lava viscosity: effect of 
compressibility [5] and Bingham characteristics of the flow of solid-liquid mixture [3, 63. Stereo 
pictures clearly show that the height of some ridges should be much lower than the original 
estimate [7], which would be in favor of lower viscosity. Combined with these effects, we 
consider that the erupted material should have lower viscosity, not being in solid state. 
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COOLING ICY FLOW: Sasaki S., Kono R., Iwase Y. 

Figure 1 Schematic figure of a gravity current model. 

Figure 2 Change of the flow shape: 
constant volume case. 

Figure 3 Change of the flow shape: 
increasing volume case (V = 1 + lot). 
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