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EVALUATION OF INITIAL PROPERTIES OF IRON METEOROIDS 
USING TERRESTRIAL CRATER SIGNATURES; D.O. ReVelle and R.S. Rajan, 
Jet Propulsion Laboratory, Pasadena, California 91109 

We have reinterpreted a number of single impact terrestrial 
craters which are known to have been produced by iron objects. 
Using recently developed techniques for determining the ablation 
parameter of iron bodies during atmospheric entry and an inverse 
modeling approach based on the success of the simple ablation 
theory, we have calculated the preatmospheric mass and velocity 
of the impacting objects. The terminal properties of the objects 
were deduced using the crater diameter scaling laws (as a 
function of the kinetic energy) in various crater size ranges. 

Results, with carefully evaluated error limits, were 
determined as a function of a range of possible parameters of the 
meteorites themselves (angle of entry, shape factor, drag 
coefficient preatmospheric and terminal velocity, bulk density, 
ablation parameter) and of the earth-atmosphere system (surface 
pressure, pressure scale height, acceleration due to gravity, 
target density, etc.). The ahlation parameter was held fixed at 
the value 0.0124 s2/km2 following the recent work of Rajan and 
ReVelle on the ablation characteristics of iron materials with 
respect to that of chondritic bodies. The following craters were 
considered in our analysis: 

CRATER DIAMETER (m) IMPACT KE (Joules) TERMINAL MASS (kg) 

HAVILAND 
(Kansas) 

DALGARANGA 26 2 . 0 ~ 1 0 ~ ~  2.0*102 
(W. Austra'lia) 

SOBOLEV 51 
(U.S.S.R) 

BOXHOLE 175 2.0.101~ 2.0.105 
(N.T. Australia) 

MONTURAQUI 455 1.0.10~~ 9 . 0 ~ 1 0 ~  
(Chile) 

WOLF CREEK 875 
(W.A. Australia) 

METEOR CRATER 1200 3 . 0 * 1 0 ~ ~ - 5 . 0 * 1 0 ~ ~  2.0*108 
(Arizona) 

The listed impact energies and masses are values quoted in 
the literature for each event. While the impact kinetic energies 
were confirmed in our analysis, the quoted terminal mass values 
were not in general and were ascertained to be an order of 

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



PROPERTIES OF IRON bETEOROIDS 
ReVelle, D. 0. and Rajan, R. S. LPSC XX 897 

magnitude too small in several cases. This difference must 
originate from the assumed impacting velocity for these objects. 
We have deduced that the smaller events could not have resulted 
from a large impact velocity due to the great influence of the 
atmosphere in decelerating these relatively small bodies. We 
were recently made aware of obsenrational evidence in support of 
this conclusion by McCone for the case of the Hoba West meteorite 
in Africa. In this case a 100 ton iron body fell to earth which 
did not even produce a crater upon impact, but merely bounced 
before coming to rest. In contrast, the larger events such as 
Wolf Creek and Meteor Crater could not have resulted from a low 
velocity impact, i.e., no solutions were found that satisfied the 
system of equations for the assumed range of parameter values. 

For crater events where the impact angle of entry is known 
or deducible from field data, the above analysis can be used to 
deduce orbital information for each event, as a function of the 
assumed time of entry during the diurnal cycle. (If the angle is 
not known the uncertainty in the resulting preatmospheric mass is 
about 1 order of magnitude for angles of entry ranging from 
vertical to 45 degrees.) Knowledge of such orbits has added 
relevance given the recent discovery of earth-crossing M type 
asteroids by Tedesco and Gradie. The deduced initial mass and 
velocity values and their corresponding uncertainties for each of 
the above events will be presented and discussed. 

*This work was supported through the NASA Summer Faculty 
Fellowship Program at JPL. 

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


