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Shuttle Fmaging Radar (SIR-C) Images Reveal Multiple Impact Craters at Aorounga, 
Northern Chad; Adriana C. Ocarnpo, Jet Propulsion Laboratory, California Institute of 
Technology, 4800 Oak Grove Dr., Pasadena, CA 9 1 109. Kevin 0. Pope, Geo Eco Arc Research, 
2222 Foothill Blvd., La Canada, CA 9101 1. 

The recently discovered Aorounga impact crater in northern Chad (1,2) was imaged by 
SIR-C during several passes of the space shuttle Endeavor in 1994. Our analyses of the radar 
images reveal that Aorounga is a multiple impact site with three or possibly four craters. Each 
crater is approximately 11-12 km in diameter and their centers are spaced .14-20 km apart in a 
NNE trending arc. The Aorounga craters are perhaps the largest group of > 10 km diameter 
craters known on Earth and were apparently formed by the breakup of a large comet or asteroid 
prior to impact. 

The Aorounga craters were imaged by the SIR-C (L and C band) and X-SAR (X band) 
radars, but our analyses focus on the L band data because these larger wavelength data are the 
least affected by recent sand deposits that blanket part of this desert region. All four proposed 
craters were imaged by SIR-C during data take 156.1 on April 19, 1994, which acquired L and 
C band data in HH and HV po le t ions .  Other data takes in April and during the second mission 
in October extend the coverage and provide additional polarizations, but do not cover all the 
craters. The SIR-C images were georeferenced and contrast enhanced and examined both on the 
computer screen and in print form. 

A geological map of the four craters, based on the L band HH SIR-C data, is shown in 
figure 1. For reference these craters are designated: Aorounga South, diameter -10.9 krn; 
Central, diameter '1 1.6 km; North, diameter '12.0; and East, diameter -1 1.7 (these diameters 
are for the outer edge of the outermost trough feature since the crater rims are difficult or 
impossible to ascertain). Aorounga South is the most distinct crater with a prominent circular 
outer trough and an inner trough surrounding a central peak. Outside the outer trough is an 
elevated hummocky region which may be related to the ejecta blanket. Nevertheless these 
hummocky deposits appear similar to sediments that partially cover Aorounga Central and North 
and therefore they probably represent post-impact material draped over pre-exiting cratered 
terrain. These younger sediments have been mapped as Carboniferous age sandstones with 
thicknesses of 700-800 m, which disconformably overly Middle to Upper Devonian sandstones 
(3). These published ages, along with the stratigraphic relationships with the craters derived from 
the SIR-C images, suggest that the craters are Late Devonian in age, but the geology of this region 
is not well known and the craters are in need of more detailed field studies. 

Aorounga Central and North are similar to the South crater in having concentric troughs 
and central peaks. Aorounga East is the least distinct crater and exhibits only portions of two 
outer troughs and a semicircular feature in the center that is not clearly a peak. Much of this 
fourth crater is buried by Mesozoic sediments and its identification remains tentative. 

Large, double impact sites such as Clearwater Lake East-West, Kara-Ust Kara, and 
perhaps Ries-Steinheim are well known, but the Aorounga craters represent the first known 
multiple impact site on Earth with more than two large (> 10 km) craters. The Aorounga event 
may represent the breakup of a 1-2 km diameter asteroid or comet prior to impact. Future study 
of these craters will improve our understanding of the strength, fragmentation, and trajectories of 
Earth impacting objects. This work was supported by the NASA's SIR-CIX-SAR and Exobiology 
programs. 
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Figure 1. Geologic map of the Aorounga craters, northern Chad based on SJR-C L band imagery. 
All four proposed craters are evidenced by concentric circular or semi-circular troughs. All but 
the East crater have prominent central peak features. Ages of geologic units based on the 
correlation of the SIR-C observations with the geologic map in ref. (3). Key: 1 - topographic 
depression Nled with Quaternary sediment; 2 - Thin cover of Quaternary sediments over mostly 
Carboniferous sandstones; 3 - Jurassic to Lower Cretaceous sandstone; 4 - Carboniferous 
sandstones; 5 - Middle to Upper Devonian sandstones. 
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