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Theories of the origin of the SNC meteorites have lead to hypotheses for the ejection of surface 
material during large-scale impact events. A number of papers have been written with the thesis 
that a large impact event can eject lightly shocked, near-surface planetary material 11-61, 

In a previous study 171, we discussed some facets of the model by Melosh which has been used to 
quantify the mechanisms of surface spall, and reported numerical code simulations of an impact 
process that was designed to investigate the phenomena. Some important conclusions from that 
study were as follows. First, the time duration of the stress pulses that arise from impacts a t  
different impactor velocities U and radii a do not scale with the time scale a1 U as Melosh assumes, 
but instead should scale with some single measure of the form aUP that, according to the theory of 
Holsapple and Schmidt C81 governs the scaling of impact events. That change would require 
significant modifications to the theory of Melosh. Secondly, the calculations have indicated that 
the model of a buried explosive source for the outgoing shock and stress pulse is not accurate for the 
details of the intersection of that shock with the free surface of the planet, and that detail is 
necessary for the model to work. In particular, in order to have the near-surface material ejected 
upward, it is necessary the the shock intersect the free surface a t  an angle less than 90 degrees, so 
that there is a component of the particle velocity in the upward direction. While the code 
calculations of a buried explosion did show upward velocities, those of an impact did not: the shock 
intersected the free surface at  90 degrees, and the imparted particle velocity was directed along the 
free surface, with no upward component. As a consequence, no ejected material was possible. 

That observation may be in contradiction to recent experiments by Polanskey and Ahrens [ I in 
which they did observe some agreement with the Melosh model, but only in the very low ejection 
velocity ranges (maximum of 27 mlsec). Polanskey and Ahrens note that in their experiments it 
would not be possible t o  observe the higher velocity regime predicted by the Melosh model. 
Questions also arise as t o  whether the observed spalls are indeed associated with the outgoing 
stress pulse, but instead occur a t  substantially later times in the process as a normal part of the 
cratering processes in rock materials. 

We report for these proceedings an additional two-part study on this problem. An experimental 
study of impacts into water is reported in another paper [51 Since the mechanisms for surface spall 
are independent of the specific material properties of the target, it should occur in any material 
including water, in which spall states are readily observable as cavitation. Such experiments are 
reported in [51. Here we report new code calculations designed to address some of the shortcomings 
of previous work. 

Since the candidate spall material may have a thickness as small as 1% of the projectile diameter, 
a code calculation must have resolution a t  that scale. Furthermore, it is the material right at  the 
free surface that is of interest, so the calculation must be accurate in treating material interfaces. 
The previous calculations used an Eulerian finite difference code (CSQ) which have inherent 
difficulties treating material boundaries. The present calculations use an arbitrary Lagrangian- 
Eulerian finite element code, where all material interfaces are Lagrangian. The code was run on 
a Cray XMP, which requires several hours of CPU time for the 45,000 zones of the fine grid used. 
Several calculations will be reported. In support of the water experiments, calculations were run 
for the 5 km impact into water. Then for a generic silicate material, both a coarse grid (Fig.1) and 
a fine zone problem were run for a 10 kmlsec impact. Fig. 2 shows the crater and stress contours at 
a relative early time in the problem. Figs. 3 and 4 show results for the water impacts, and will be 
compared to the experiments for confirmation of the quality of the results. 

References. [I] Melosh, Icarus 59,234, (1984). 121 Melsoh, Geology 13,144 (1985). [3-61 Melsoh, LPSC 
XW, XV,XVII (1983-1986). [71 Holsapple and Choe, LPSC XVIII (1987). 181 Holsapple and Schmidt, 
JGR 92, 6350 (1987). [91 Schmidt and Watson, these proceedings. 
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Fig. 1. The coarse grid with 1800 elements. Rg. 2. The water and stress contours at 0.15 sec. 
The fine grid has 5 times more nodes in each 
direction. 

Fig 3. Maximum pressure at certain nodal Fig. 4. Time of Arrival at certain nodal 
points. Impact into water. points. Impact into water. 
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