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During the 1%0's, D.R. Chapman and his coworkers at the NASA Ames 
Research Center made a study of the origin of tektites (1-3). They directed their 
work especially at the flanged variety of tektites from Australia, on which there 
is imprinted a particularly distinctive record of their ablation. from their flight 
through the earth's atmosphere. The Ames group reached the conclusion that the 
observed ablation is "uniquely compatible" (1) with a point of origin from the 
moon for these tektites. A critical part of their argument was the calculation of 
the amount of ablation to be expected as a function of entry speed and entry 
angle. 

The amount of ablation together with the wavelength of concentric rings 
imprinted on the melt layer when it solidified would normally serve to define the 
entry conditions of tektite trajectories. However, many geochemists consider that 
tektites must be the result of meteorite impact on the earth. The discrepancy 
between the results of aerothermodynamic studies and interpretation of 
geochemical analyses of tektites remains to be reconciled. 

In all of the previous calculations of ablation of tektites the estimates of the 
aerodynamic heating (4) were based on correlations of measurements on a 
surface which catalyzed the recombination of oxygen or nitrogen atoms (5) ,  
whereas tektite glass is essentially inert to .such reactions. Consequently the 
estimated aerodynamic heat transfer rates were higher than those actually 
encountered by the tektites. The results of (1) thus understated the case for a 
lunar origin. 
METHOD: In this paper we examine the uncertainty in the prediction of the 
amount of ablation of flanged tektites and its implications regarding their likely 
trajectories. The ablation of tektites is described by solutions to the same 
equations as those used in the design of missile heat shields (6). The governing 
conservation equations, specialized to the streamline which passes through the 
front stagnation point of an initially spherical tektite, are solved numerically 
using an explicit finite difference procedure. The time step 05 integration is 
subject to the most stringent stability condition for a variable spatial grid with 
thermophysical properties of tektite glass considered to be temperature 
dependent(7,g). Rather than solve the equations governing the gas mixture 
external to the melt layer (silicate vapor and high temperature air species), 
empirical formulas for aerodynamic heating were used to satisfy the energy 
balance across the gas-liquid interface of the melt layer. The heat transfer rate 
was estimated for a noncatalytic surface with chemically-frozen flow downstream 
of the bow shock (9). The drag coefficient of an ablating tektite was estimated 
from experimental results for spheres (6), evaluated as a function of Knudsen, 
Mach and Reynolds numbers, which ranged from free molecular to continuum 
flow over their flight trajectory. Correlations of experimental measurements of 
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the nose radius of ablating tektites in an arc jet versus ablation thickness at the 
stagnation point (10) served to define the instantaneous geometry and mass of 
the tektite. The trajectories of the tektites were obtained from numerical 
integration of Newton's second law using a fourth-order Runge-Kutta method. 
RESULTS: For a noncatalytic surface, aerodynamic heating is decreased by 
slightly more than 21 percent to as much as 43 per cent, depending upon entry 
angle, compared to the results of O'Keefe et al. (11) for an entry .speed of 6.5 
.km/s. The predicted ablation depth with the aerothermodynamics decoupled from 
the integration of the trajectory (i. e. only updated at the end of each integration 
step) differs by 23 per cent, at most, from the results obtained with the 
aerothermodynamics fully coupled. This last case, which is representative of the 
results obtained by O'Keefe and co-workers, predicted the largest depth of 
ablation for given entry conditions. 

For entry conditions (6.5 h / s  with entry angles from 20" to 45" below the 
horizon) most favorable to a terrestrial origin for tektites, the largest ablation 
depth predicted is at most one half of the experimental observations. Ablation 
depths comparable with the nominal value of 10 mm observed in the australites 
found at Port Campbell, Victoria (12) required rather shallow entry angles, 
somewhat less than 8" below the horizon (i.e. very near to the overshoot limit) 
for an entry speed of 11.2 km/s with an initial temperature of 300°K and slightly 
less than 5" at 6.5 h / s  wiih an initial temperature of 1300°K. Since the amount 
of ablation is directly proportional to the initial temperature of the tektite at entry 
to the earth's atmosphere, the maximum initial temperature of a rigid tektite was 
used in the case of entry speeds of 6.5 kmfs. However, relating this latter re- 
entry trajectory to the splash ejecta or vapor condensate which may have resulted 
from terrestrial impact seems unlikely in view of the range associated with such 
shallow entry angles, even for ballistic trajectories. On the other hand, the 
experimental evidence of tektite ablation is most easily reconciled with an 
extraterrestrial origin for the trajectories of the mstralites. 
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