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Current knowledge of hypervelocity impact cratering has drawn heavily upon 
ground-truth data from terrestrial impact structures, particularly with regard 
to the nature of the subsurface lithologies and structure. Meteor Crater, Arizona 
is a well-studied, relatively well-preserved, young structure, 1.2 km in diameter 
and is often cited as the classic terrestrial example of a simple, bowl-shaped 
crater. As such, and because of the arid nature of the climate, Meteor Crater 
was chosen to assess the capabilities of ground probing radar (GPR) -to determine 
the internal sub-surface structure of terrestrial impact structures. Five GPR 
transects were carried out. One transect crossed the exterior ejecta blanket 
radially from the north rim of the crater. Four transects were on the interior 
crater floor; three north-south and one east-west connecting the north-south 
transects. The results from the three north-south interior transects are the 
subject of this initial report. 

Details of the geological setting and nature of Meteor Crater are well 
described elsewhere (e.g., 1,2,3,4). The salient points from the perspective of 
GPR are that the target rocks consist of interbedded sandstones and limestones 
and the water table lies 60-65 m below the interior floor of the crater. These 
target materials offer low attenuation rates, 0.01-0.7 ms .m-l, (Annan, 1983) for 
electromagnetic radiation with frequencies of the radar signal. GPR operates on 
the same principles as other radar in that a short pulse of energy is emitted 
by a transmitter antenna, reflects off an electrical boundary and is picked up 
by a receiver antenna. The depth to the reflector is a function of the 
propagation speed of the pulse in the material. 

A fully digital pulse EKKO I11 GPR system, with a system performance of 
150 db, was used. The set-up for the Meteor Crater surveys was: antenna frequency 
50 MHz, antenna separation 2 m, step interval between sampling points 2 m, time 
window of 1024 ns and sampling interval time 800 ps. Each trace was the sum of 
512 stacks. The data were recorded on magnetic tape and reformatted in the SEG 
"Yn seismic data format for processing by the Veritas Aurora seismic analysis 
program. The processing included automatic gain, band-pass filtering to retain 
only information between 25 and 70 MHz, deconvolution to rid the data of multiple 
returns, and a nine trace moving window coherency filter to enhance coherent 
returns and diminish incoherent and cultural (e.g., VHF communications) noises. 

The results of two common depth point surveys indicates an average speed 
of propagation for the radar pulse in the interior of Meteor Crater of 16 cm 
ns-l. All three of the interior north-south transects show a number of common 
features. The processed data from the most easterly north-south line is shown 
as an example in Fig. 1. An almost continuous reflector was obtained at 750 
ns(Fig. 1). This represents the water table. There is likely to be an order of 
magnitude difference in the dielectric constant across the water table. A second 
dielectric boundary around 510-550 ns, seen in Fig. 1 as a fairly strong 
continuous return between stations 80 and 180,. a fainter return at.260-320, and 
again a stronger return at 370 to 390. Below this reflector, the number of point 
reflectors, which appear as parabolic returns (Fig. I), is much higher. This 
leads us to interpret this relatively irregular dielectric boundary as the top 
of the interior breccia lens, with the parabolic reflectors representing large 
blocks in the breccia. These are particularly evident on the central transect. 
Some credence is given to this interpretation in as much as 510-556 ns 
corresponds to a depth of - 40 m, which is the approximate depth to the top of 
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the breccia lens (e.g., 3). Not particularly evident in Fig. 1, but apparent on 
the other transects, is a discontinuous boundary at 460-500 ns. This faint and 
irregular boundary corresponds to the top of the -10 m fallback layer. Other 
boundaries/reflectors occur at -290 ns (e.g., at stations 110-140, 160-180, and 
220-280 in Fig. 1.) and at -250, -230 and -210 ns. These probably represent 
bedding within the Pleistocene alluvium and lake beds, which cover much of the 
crater floor. The major apparent reflectors at 200 and 150 ns are multiple 
reflections and thus artifacts, which were taken out by the predictive 
deconvolution but brought back when gain was applied after the coherency filter. 

In addition to this stratigraphic information, other details are evident. 
For example the apparent step to deeper levels in the water table, seen at the 
ends of the transects, reflects the change in propagation speed with the passage 
from the breccia lens to relatively more coherent crater wall material. Faint - 
inward dipping reflections beginning at 270 and 300 ns occur on either side of 
this step at stations 75-85 and may represent the actual wall and a listric 
fault. Some of the inward apparent dip in the water table within the crater wall 
is due to topographic effects, which were not corrected for. 

The results of this preliminary GPR survey generally agree with the known 
structure of Meteor Crater. They provide more detail and were much cheaper than 
previous sub-surface studies using seismic energy (Ackermann et d., 1975). 
Meteor Crater, with its wealth of pre-existing information, perhaps represents 
an ideal site for testing the capabilities of GPR. This, therefore, begs the 
question of how much sensible interpretation of the GPR data could be made 
without this information. Further studies at Meteor Crater are planned using 
different experimental conditions to extend the depth of penetration of the 
radar pulse, as well as testing at other impact structures, now that some 
experience has been gained with the methodology. 
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