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Summary Although qualitative models for crater outflows have been proposed, there is no 
quantitative analysis to check the validity of these models. We numerically estimate the eruption 
rate of the outflow from Markham crater, for example, assuming that the outflow is consist~dpf 
laminar Bingham fluid. Our results show that the eruption rate should be grater than 10 m Is 
even if the viscosity and yield strength of the fluid are much lower than those of terrestrial 
basalt. 

Up to 46 % of Venusian impact craters discovered by Magellan are associated with very 
thin lavalike flows[l]. These outflows originate near or at the crater rim, and range from a few 
to a few hundred kilometers in length. The outflow from Addams crater (90krn in diameter) is as 
long as 600 krn (6.7 diarneters)[l], though impact-melt deposits on the Moon that flows on their 
ballistic ejecta have maximum flow distances that is about a crater diameter. Flow directions of 
outflows are controlled by local topography following crater flanks and shallow valleys [4]. 
Such flow-like features, which are similar to terrestrial volcanic lava flows, cannot be explained 
by any ballistic process. 

Phillips et al. [2] suggested that the flows are either fine ejecta emplaced as a turbulent 
flow or impact melt that flowed from the ejecta. Some other workers also interpreted outflows as 
a kind of impact melt flow [3-51. Percentage of craters with outflows increases with crater 
diameter[l]. Higher angle impacts are less likely to produce flows (36%) than lower angle 
impacts (51%)[5]. These statistical facts are possibly because of the correlation between 
outflows and impact melt. High surface temperature (740K) and atmospheric pressure (90bar) 
on Venus may also enhance the amount of impact melts. The amount of impact melt may be 
even three times as much as on the Moon for a given crater diameter [I]. 

Based on the model of incompressible laminar Bingham fluid which is well known to 
be a good approximation of lava flows, we developed a numerical code to predict the 
rheological properties and eruption conditions of actual extraterrestrial lava flows on arbitrary 
digital elevation models[l2]. Our calculation method is similar to that of Ishihara [6], which can 
reproduce general shape of some actual terrestrial flows. We take the self gravity and cooling 
mechanisms into account, and the dependence of mesh direction was also eliminated. Our 
numerical model can calculate large scale flows precisely without numerical instability, and 
can reproduce morphology of actual lava flows. The ambient parameters of Venus such as 
high surface temperature and gravity are also considered in this calculations. 

Here, we study the area around the Markham crater (43155.5), whose radius is about 
35km,(Fig. 1). Calculations were done on the actual topography data from Magellan ARCDR. In 
fig. 1, a circular feature at left ( west ) hand side is Markham crater. The outflow originates from 
the crater, and at first goes northward, then turns right and flowed down eastward. Because the 
flow thickness cannot be measured from Magellan images, the flow should have low yield 
strength if we assume it was a laminar flow. The flow width at the corner, where flow changed 
the direction from northward to eastward, is a good measure to compare the numerical results 
and the actual flow. Numerical results of the condition of small eruption rates could not attain 
the same width as the actual flow because the flow immediately goes down to eastern without 
significant widening. Though, Kargel suggested that the outflows are commonly extensive 
laterally because of the highly mobility[7], our results showed that the mobility of these flows 
does not enhance flow width but flow Vngth. We tried simulation at a low eruption viscosity (83 
Pals), and low yield strength (2.0 Nlm ): results are shown in Fig. 3. But we cannot get a result 
with flow as wide as the actual width. We noticed that there is no other parameter than the 
eruption rate ta make the numerical results consistent with the actual outflow. Under the 
parameters listed in Table 1, the numerical result can reproduce the actual morphology well (see 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



890 LPS XXVII 

OUTFLOW ERUPTION RATE: Miyamoto, H. and Sasaki, S. 

Fig. 2). The e r u p t p  rate at this condition is veq  large ( 10~m~/ ;~) ,  Jmt the duration of eruption 
is quite short ( 10 s ). So the amount of out flow volume is 10 m . If a crater radius is$53h 
and the impact velocity is 15krn/s, the volume of impact melt is predicted to be about 10 m in 
the order of magnitude [8]. The amount of flowed mass in our result is a few tens of percent of 
the predicted melt. Our result is consistent with this prediction. The average thickness of the 
numerical result is about 12m, which is less than the resolutions of Magellan images. 

Our requlls show that the eruption rate of the outflow from Markham crater should be 
greater than 10 m Is even if the viscosity and yield strength of the fluid are sufficiently lower 
than these of basalt. It seems impossible to kee such big eruption rate if the lava erupts from 
deep crust or if the flow is derived by drainage o F melt the from crater filled with impact melts. 

parameter Fig. 2 Fig. 3 
eruption rate 109m3/sec lo6 m3/sec 
duration 100 sec lo4 sec 
density 2500 kg/m3 2500kg/m3 
yield strength 15.7 N/m2 2.0 N/m2 
viscosity 200Pa.s 83Pa.s 

Fig. 1. Outflow of the Markham crater 

Fig. 2. Best fit numerical result of the Fig. 3. The result of higher fluidus liquid - 

outflow. Parameters are listed in table 1. flow. Note that mobility does not 
enhance flow width but flow length. 
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