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Introduction:  Early work by Baldwin on chemical 

explosion craters [1] and by Moore [2] on missile 
impact craters allowed us to estimate energies of 
formation of small meteorite impact craters on the 
earth. Confidence in these estimates is greater if the 
impact craters are of the same order of size as the 
artificial craters. More recent work involving small-
scale hypervelocity impacts into various target 
materials can be used for estimates of energies of 
formation of larger craters if gravity scaling is taken 
into account. This method also allows a very precise 
estimate of the energy of formation if certain 
parameters of the projectile and target material are 
known. The Campo del Cielo (CdC) crater field in 
Argentina [3] contains at least 20 small meteorite 
impact craters of the order of size of the artificial 
craters of Baldwin and Moore.  Particularly valuable is 
the fact that the masses of the projectiles that formed 
these craters can be learned, because most of the 
craters still contain the projectiles that caused them, 
and they can be recovered and weighed. Estimating the 
energy of formation for one of these craters from its 
dimensions (revealed by excavation), we can use the 
measured mass of its projectile to estimate the velocity 
of impact. If we can carry out the same studies on a 
number of craters, we can see how well the results 
agree in comparing impacts from the same fall. In this 
case, we will have used the CdC crater field as a 
natural laboratory. Consistency of data from these 
natural replicate experiments can provide a real-world 
check on the validity of the small-scale model impact 
experiments. A sample calculation is given for Crater 
10 at CdC, which is the only crater yet known in detail. 

Characterization of Crater 10: See Table 1.  As 
shown in Fig. 1, after creating a crater by shock-wave 
excavation, the projectile came to rest outside the 
crater. Presumably, shock-wave excavation ceased 
when the meteorite’s velocity dropped below the speed 
of sound in the target material. Calculation of impact 
velocity based on the dimensions of the crater will be 
low by an amount equal to the speed of sound in the 
target material. 
    Impact velocity of the Crater 10 meteorite:  Older 
estimates of impact velocity are seen in Figure 2 to be 
much less precise than that derived by dimensionless-
ratio gravity scaling [4,5]. All of these estimates, 
however, are not inconsistent with an impact velocity 
of 3.7 km/s. While the dimensionless-ratio gravity 
scaling value is quite precise, it may be inaccurate for 
the following reasons: (1) we assumed the velocity of 
sound in loess to be 0.5 km/s; (2) the calculation was 
based on scaling factors determined for dry quartz 
sand, not loess; (3) the assumed density of the target 
material was 2100 kg/m3; (4) the assumed diameter of 

the meteorite was that of an equivalent sphere; and (5) 
the mass of the Crater 10 meteorite was earlier 
believed to be 33,400kg, but later information suggests 
it is closer to 36,000kg. Problems (1, 3 and 5) could be 
mitigated by measurements in the field, and (2), the 
scaling factor for Argentine loess, could be determined 
by laboratory experiment. This would allow a much 
more accurate estimate of impact energy. 
    Discussion:  While 20 small impact craters are 
known, there is some reason to believe there may be 
many more impact craters in this crater field. Campo 
del Cielo is a good location for linking model studies 
and impact craters. Further accumulation of a body of 
data on Campo del Cielo can lead to better 
interpretations of small-scale cratering on other 
planetary bodies. Direct analogies may be made, in 
general, to elongated fields of small craters on 
planetary surfaces, and also, specifically, to secondary 
crater fields around major impacts, which tend to be 
low-angle impacts occurring at relatively low 
velocities. 
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Table 1. The shock-wave-excavated cavity 
Depthmax 4.6 m 
Length 24 m 
Diametermax 16.4 m 
Mass of Projectile 33400 – 36000 kg 
Impact Angle 9° with the horizontal 
Azimuth of infall N75.5°E (geog.) 

      
  Figure 1 [above]. Cross-section of Crater 10 
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           Figure 2 [above]. Impact velocity estimates for Crater 10. 
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