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The 'fluidized' morphology of rampart type impact craters on Mars and Ganymede has 
been attributed to  the presence of subsurface crustal volatiles. Modeling studies have attempted 
to  determine this volatile content based on crater morphology. Impact into a water or ice satu- 
rated crust could produce rock mixed with steam, water or ice, depending on impact velocity, 
geothermal gradient and ambient temperature. Such a slurry may be modeled rheologically as a 
Bingham type material possessing both viscosity and yield strength. Earlier experiments (1-4) 
simulated these impacts using clay slurry targets, which are also Bingham materials. Previous 
workers (5,6) investigated the effect of target strength on crater volume and depth-to-diameter 
ratio in dry targets lacking viscosity. In order to  distinguish and help scale the relative influences 
of viscosity and strength in our clay slurry experiments we have begun a series of impacts into 
Newtonian viscous fluid targets with viscosities that range from 0.01 poises Pa-s)(water) to  
600 poises (Silicon fluid). 

Experiments were conducted at the NASA Ames vertical ballistic range. Pyrex, nylon, 
and aluminum spherical projectiles 0.1588 to 0.6250 cm in diameter were fired at velocities 
ranging from 0.5 to 6.0 km/sec into the various clear fluid targets. High speed motion pictures 
(400 f.p.s.) enable measurement of crater volume, depth and diameter at the time when maximum 
depth was attained. To date, over 250 experiments have been completed and data have been 
reduced from about 20 per cent of these. 

Increasing target viscosity led to  a significant reduction in crater volume. Impacts into 
water (viscosity = loq2 poises) produced craters with volumes nearly two orders of magnitude 
larger than impacts into oil (600 poises). Hence a viscosity decrease of 5 orders of magnitude led 
to a crater volume increase of roughly 100 times. Similar results were achieved using projectiles 
with different compositions and sizes. 

According to  models for impact into Bingham materials (4,7), oscillation of a central peak 
causes ground-hugging surges of slurry to flow out of the crater producing one or more concentric 
ejecta lobes. The distance travelled by the ejecta slurry depends on its rheology and the height of 
the transient central peak. Peak height in turn depends on the volume of the initial transient 
crater. Thus, based solely on consideration of viscosity, the greater the water content or icelrock 
ratio of a particular terrain on Mars or Ganymede, the larger the resultant crater will be, all other 
conditions remaining equal. This may be explained by the partitioning of the impact energy. The 
greater the target viscosity, the more energy that is lost irreversibly to  heating it, and the less that 
is available to  eject material. 

One possible criterion which may be used to  scale craters from the laboratory to planetary 
surfaces is the diameter at which morphologic transitions occur from craters with no fluid-like 
ejecta, to those with a single ejecta flow lobe, to  multilobed morphologies. Based on theory (7) 
and experiments (4) this transition was found to  depend on dimensionless forms of both the target 
viscosity and yield strength. Experimental impacts into strengthless fluids with different viscosities 
allow the boundaries between different morphologies to  be better defined. We are currently trying 
to correlate these diameter-dependent transitions in our experiments with progressions observed 
in craters from different martian and ganymedean terrains. 

An argument against the scaling of some laboratory impacts to planetary events is that the 
experimental velocities are insufficient to  guarantee true hypervelocity impact conditions. One of 
the criteria for a hypervelocity impact is that the projectile is completely destroyed and the resul- 
tant crater has a characteristic transient depth-to-diameter ratio which depends primarily on the 
target and projectile properties. At lower, sub-critical velocities the projectile is preserved and pro- 
duces a relatively deep crater. Among the questions we considered was whether this transition 
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velocity depends in part on target rheology. 
In all of our experimental impacts into water, a depth-todiameter ratio of about 0.45 was 

established. Impacts into the most viscous silicon oil targets produced craters with depth-to- 
diameter ratios that depended strongly on velocity, decreasing from over 1.0 for velocities less 
than 1.0 km/sec to ratios around 0.55 for velocities above 2.0 krnlsec. These preliminary results 
suggest that the transition to  hypervelocity conditions occurs for higher velocities the higher the 
target viscosity, and that more viscous targets produce less shallow craters. 

In summary, preliminary results from our experimental impacts into Newtonian viscous 
fluid targets indicate that: 

1. Crater volume decreases approximately two orders of magnitude as viscosity increases 
five orders of magnitude. 

2. The onset of hypervelocity conditions occurs at lower velocities for experiments in 
fluids with lower viscosities. 

3. Transient depth-to-diameter ratios increase along with target viscosity. 
In our ongoing work we are investigating the effects of target density, surface tension, and 

projectile density, as well as target viscosity on crater geometry and formation times. These results 
will be used to  develop quantitative estimates of the volatile contents in different regions of Mars 
and the icy satellites of Jupiter and Saturn. 
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