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DUST TO DUST: LOW-VELOCITY IMPACTS OF FRAGILE PROJECTILES 
S.J. Weidenschilling and D.R. Davis. Planetary Science Institute. Tucson, 
AZ 85719 

The formation of planetesimals in the solar nebula involved 
collisional coagulation, presumably with some sort of hierarchical growth 
of aggregates of small grains. The relative velocities of aggregates 
with sizes up to 2: 1 km, due to turbulence, settling. and radial and 
transverse motions induced by gas drag, probably ranged from near zero to 
a few tens of dsec. The mechanical properties of these early aggregates 
are uncertain, but they were probably quite weak, with low bulk 
densities. In order to model the coagulation process, data are needed on 
the outcomes of collisions between weak aggregate bodies. While full 
simulations would require a microgravity environment, some useful 
constraints can be inferred from cratering experiments involving impacts 
into weakly bonded, powdery regoliths under normal gravity. Most 
previous studies with regolith targets involved hypervelocity impacts. 
Hartmann (1985) examined outcomes of impacts into basalt and pumice 
powders in the velocity range from - 5 dsec to 2 W s e c ,  the measured 
ejecta velocities and derived Holsapple-Schmidt crater scaling parameters 
for the ratio of ejecta mass to projectile mass. He concluded that net 
accretion (ejecta mass < impactor mass) occurred for impact velocities 
10 dsec. These results were used by Weidenschilling (1984) to model 
numerically accretion in a turbulent solar nebula. 

One uncertainty in those results is due to Hartmann's use of strong 
(basalt or Pyrex) projectiles. In low-speed (i 100 dsec) impacts, these 
remained intact, so that all of the impact energy was absorbed by the 
target. Impacts in the solar nebula involved projectiles and targets of 
similar low strengths, with energy dissipation in both. We report here 
the first results for impacts of weak projectiles into powdery regoliths; 
both projectile and target consisted of slightly compacted pumice powder 
with grain size - 50-100 pm. Data were acquired at the Ames Vertical Gun 
Range in 1987. The experimental apparatus included a spherical chamber 
with two halves that separated via a magnetic release, allowing the dust 
charge within to fall onto the target. Tests were conducted in vacuo, at 
P 2: 0.5 mm Hg. Impact velocity was 5.8 dsec, fixed by the chamber 
height. The dust projectiles all had a nominal mass 2: 30 g, diameter 3.8 
cm, p 2: 1.05. Some drop tests of competent spherical projectiles of 
various densities were also conducted. Impacts were recorded on film and 
high-speed video; ejecta were collected and weighed as described by 
Hartmann (1985). 

Fig. 1 shows a typical crater configuration. There is a prominent 
rim and "central peak." The latter consists of projectile material. 
Impacts with a layer of colored powder on the target showed that the 
target surface is preserved out to "1 impactor radius, but compressed 
below its original level. Ejecta are derived from the area of the target 
just outside this zone, and from the projectile itself. The ejecta are 
launched at a low angle, 2: 30' from horizontal. 

Fig. 2 shows cumulative ejecta mass vs. radius, from which mass vs 
velocity may be derived. Slopes are similar for both strong and weak 
projectiles. The total yield of ejecta (scaled to projectile mass) is 
higher for the weak projectiles. It is also highly variable for 
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nominally identical impact parameters, presumably due to differences in 
compaction of the targets during preparation. For strong projectiles, 
higher densities yield less ejecta. The Holsapple-Schmidt scaling 
parameters derived by Hartmann match the observed yields for strong 
projectiles within a factor 2: 2, but underestimate the yield for weak 
impactors by as much as an order of magnitude. Although impacts of weak 
bodies yield more ejecta than do impacts of strong projectiles with the 
same energy, the transition from net accretion to erosion still appears 
to be at 2: 10 dsec impact velocity. 
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T a r g e t :  Pumice powder 

, V = 5 . 8 m / s  

Fig. 1: Profile of crater due to 
low-velocity impact of "dust ball" 
projectile (shown to scale). Concave 
line below central peak is location of 
original target surface after impact, 
as shown by surviving layer of colored 
powder. 

Fig. 2. Cumulative recovered 
mass of ejecta as function of 
distance from center of crater. 
Data for strong projectiles 
scaled to impactor mass of 30 g. 
Dotted lines are extrapolations 
to measured crater rims. 
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