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Introduction: The first terrestrial examples of highly oblique impacts have been recently found in Argentina 
(1). The 30 km-long crater chain was f m e d  along a NNE-SSW trajectory just north (64'14 W, 30e52'S) of 
the city of Rio Cuarto in central Argentina. The region is covered by a vast aeolian system of sandy loess 
accumulated over the Pleistocene and Holocene to depths of 25 m locally (more typically 10-15 m) and 
covering more than 600,000 km2. The buried country rock is poorly known but is believed to be similar to 
volcanic and metamorphic sequences from the Sierra de Cordoba exposures to the northwest. 
Crater Field: At least ten oblong rimmed depressions occur within a narrow comdor with the largest 
structure (4.5 x 1.1 km) at the northeast end (see Fig. 1, crater A). Two slightly smaller (3.5 x 0.7 km) 
craters (D and E) with the same orientation occur adjacent to each other about 11 km farther to the 
southwest. A trio even smaller (0.1-0.3 km) craters are found an additional 5 km farther southwest. These 
six craters comprise the major members of the field but smaller gash-like craters and subtle lineations fan- 
out over the region southwest of the largest member to the northeast. Farming has considerably modified 
the smaller craters, but the rugged terrain of the largest prevented such use, thereby preserving their record. 

The floors of the larger craters are generally about 7 m below while the rims extend 3-7 m above the 
surrounding plains. The northernmost structure is filled with fluvial sediments introduced by captured 
drainage breaching the northern low-lying rim. Yardang-like relief capped by a late-Holocene soil horizon 
form a series of ridges on the southern floor. In contrast, the elongate crater pair 11 krn to the southwest 
have undergone simcant deflation exposing a calcrete-like surface and forrning a sequence of active dunes 
in the southern end (5). The trio of smaller craters still farther to the south exhibit raised transverse rims but 
low northern rims and are breached to the south with grooves and ridge extensions. The middle crater 
exhibits a central mound that appears to be composed of an in situ sequence of loess. 
Impact Materials: Four broad classes of impact-derived materials have been found within and around the 
craters: impactites, breccias, microspheres, and meteoritic fragments. Initial descriptions and compositional 
information can be found in (1). More detailed analyses are beginning to characterize the petrology (6) and 
geochemistry (7) of selected samples. 

Impactites exhibit a wide range of morphologies and fall into three categories: sinrered loess, vesicular 
glass, and solid glass. The sintered loess objects are fused at grain boundaries and commonly filled with 
carbonate precipitates. They are generally less than 2 cm across The vesicular glass samples exhibit a wide 
range in the degree of melting, even within a single sample. Vesiculation can range from highly porous 
(pumiceous) to dense with only micro-vesicles. Single samples are found that grade from highly vesicular 
to nearly solid with a narrow transition zone. Many exhibit evidence for folding, shearing, and twisting 
while partially molten. Surface textures range from a tachylitic sheen exhibiting colors from chocolate 
brown to lime green to a gray matte-like pattern. Several samples appear to exhibit cast-like impressions of 
soils. The largest vesicular impactite approaches 15 cm across and resembles a pumiceous bomb but in thin 
section is clearly of impact origin. The solid glass impactites contain micro-vesicles but otherwise are very 
uniform in composition. Several exhibit dumbbell shapes or form spherical blebs (1). Most impactites 
(except the solid glass) contain trapped loess grains. Breccias are rare and resemble deformed sedimentary 
conglomerates and concretions with highly variable compositions, atypical of the loess veneer. In one 
example, pockets of loose, unaltered loess occur completely isolated from the exterior. Other samples 
appear to be derived from the underlying volcanic country rock. Hence the impact must have penetrated the 
loess veneer but blocky samples at the present surface are rare. Microspheres are found within the upper 
loess layers, but their over-all distribution and composition remain to be studied. Two ordinary chondritic 
meteorite fragments were found in different locations within the eastern member (E) of large twin craters 
(see Fig. 1). As described in (1,6), the smaller fragment exhibits an unusual melt rim, whereas the larger 
(-6 cm) is covered by a thin alteration rim. Further descriptions and analysis are found in (1,2,3). 
Origin: The Rio Cuarto Crater Field closely resembles the pattern produced by oblique impacts in the 
laboratory and found on planetary surfaces (2,3,4). In the laboratory, this pattern is produced by projectile 
decapitation as the initial shock created at first contact spalls off the top of the projectile before it has 
penetrated the target. This process is evident at impact angles as high as 15' in strength-controlled targets. 
In loose particulate targets, however, crater growth consumes this early-time signature of energy 
partitioning unless the impact angle is below about 7". Impacts into easily volatized targets (carbonates, 
clays), however, were found to significantly extend the ricochet pattern by adding a vertical dynamic 
pressure component as witnessed in high h e - r a t e  photography and recorded in downrange witness plates. 
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It is suggested that a similar process occurred at Rio Cuarto, consistent with recovery of unshocked 
impactor fragments in a downrange crater. 

The Rio Cuarto Crater Field provides an important field test for understanding energy partitioning 
during oblique impacts, for recognizing impact products from a loess substrate, and for recognizing the 
atmospheric response from a major cratering event calculated to have been as large as 350 megatons. Based 
on the alteration state of the sampled meteorites, the preserved sheen on the impactites, and the stratigraphy, 
the crater field probably formed no more than 3500 years BP and more likely less than 1000 years BP. 
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Figure 1. Location of Rio Cuarto Crater Field, Argentina and three of the downrange craters (C,E,D). 
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