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INTRODUCTION The mass and geometry of jetting upon high velocity impact of cometary 
nuclei and asteroids upon planetary surfaces has not yet been studied in detail experimentally. 
Hartmann and Davis1 suggested that the oblique impact of a large planetesimal with the prote 
Earth late in the accretion process could have provided the extra angular momentum and have 
ejected the material that might have later accreted into the Moon. More recently, Alvarez et a1.2 
suggested that a -10km diameter asteroid impacted the Earth at the Cretaceous-Tertiary 
boundary and caused the great extinction. It has been established that a worldwide tektite layer 
was produced by the KIT hypervelocity impact3-5. But there are at least three key questions 
relating to impact mechanics which are unanswered: (1) How much material is jetted during an 
impact event? (2) What is the velocity of the jetted material? (3) What is the jetting angle? 

EXPERIMENT In order to answer these questions we have begun to conduct a program to 
study oblique impacts on a laboratory scale. In our initial experiments using silicates, the target 
and impactor material are gabbro (density, 2.9gIcm3) discs. We have chosen planar geometry for 
simplicity in the analysis of the results (Fig.1). The thicknesses of both the impactor and target 
are 5mm, and the impactor, which is launched with the Caltech 40mrn gun, has a diameter of 
32rnm, a mass of 12g. The target is a 32mm square. The impact angle q is 300 and the impact 
velocity v is 1.5kmls. In the first two shots, we put styrofoarn, in a metal box, as a recovery 
medium. Then the ejecta were obtained by dissolution of the styrofoam. In a third shot, an 
aluminum witness plate is placed under the target and the jetting angle is obtained by measuring 
the position of the linearly shaped crater. The ejecta are admixed with propellant combustion 
products and mostly carbon residuum. The carbon-bearing contamination was moved via 
oxidation in air at 1100K. A SEM image (Fig.2) shows that the ejecta are still in crystalline form 
and the sizes ranging from -10pm to submicron. Theoretical shock and thermodynamic 
calculation indicate that the ejecta experienced a shock pressure of 12GPa and shock and 
postshock temperatures of 1190K and 310K. The latter is well bellow the melting temperature of 
the constituent minerals. The SEM image demonstrates little or no melting, in accord with the 
above conditions. 

THEORY In a moving coordinate system with the origin at the collision point, the flow patten 
will look like as shown in Fig.3. If we assume the jet and slug are moving in one straight line and 
the material is incompressible, using the conservation laws of mass and momentum, we will be 
able to calculate all the quantities needed697. The formulae are 

mj = [(1 cosel)ml+(l -cose2>m2]/2 
u = ~ ~ ~ ~ O S ~ ~ ~ ~ ~ U ~ + ~ ~ - C O S ~ ~ ~ ~ ~ U ~ ~ ~ ~ ~ - C O S ~ ~ ~ ~ ~ + ~ ~ ~ O S ~ ~ ~ ~ ~ ~  

vj = ( u ~ + u ~ ~ + ~ u u ~ c o s ~ ~ ) ~ / ~  
(4 = arc sin (u sin021vj) 

All the measured and calculated results are showed in Table 1. Those values with a star are 
measured and those without a star are calculated. It is clear that the experimental results agree 
fairly well with the calculated values. Unfortunately, how this theory relates to data for impact of 
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non-planar projectile and target has never been studied. Further experiments and analysis are 
expected to provide jet ejecta mass scaling relationships which can be used to relate tektite 
masses to impact conditions, and possibly, the mass of the impactor. 
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Fig. 1. Experimental configuration of the 
oblique impactexperiment. v is Fig. 2. SEM picture of the recovered ejecta 

which are still in crystalline form. Their 
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sizes ranging from -10pm to sub micron. 
angle and 8 is the jetting angle. 
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TABLE 1. THEORETICAL AND EXPEFUMENTAL RESULTS 
Shot No. Impact velocity ejecta mass jetting velocity jetting angle 

(kmls) (gm) (kmls) (degree) 
1 1.51* 0.52*(0.41) 5.79 6.9 
2 1.51* 0.42*(0.41) 5.78 6.9 
3 1.53* - (0.41) 5.85 6.6(6.5*) 

Fig. 3. The flow pattern in a moving 
coordinate. Where o is the origin of the 
coordinate, wl and w2 are thicknesses of the 
two plates, pl and p2 are densities, of the 
materials, u, ul and u2 are flow velocities 
relative to origin o. vj is the jetting velocity 
in lab coordinate and 8j the jetting angle. 

REFERENCES 1. W. K. Hartmann et al. (1975) Icarus 24, 504-515. 2. L. W. Alvarez et 
al.(1980) Science 208, p.1095. 3. Henry Faul (1966) Science 152, 1341-1345. 4 B. P. Glass 
(1982) Geological Society of America, Special Paper 190, 251-256. 5 Haraldur Sigurdsson et al. 
(1 99 1) Nature 349,482-487.6 Jihai Wang (1 989) Proceedings of the International Conference in 
Applied Mechanics, Beijing, China. 7. D. C. Pack et al. (1990) J. Appl. Phys. 67, p.6701. 

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


