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Introduction: Selected glassy impactites and a piece of the chondritic meteorite from the newly discovered Rio 
Cuarto Impact Crater Field in Argentina (l,2) have been analyzed using neutron activation, electron microprobe, and 
standard petrographic analyses. This study was initiated in order to compare trace element abundances with major 
element oxides presented here and in ongoing companion studies (1,3). 

Samples and Analvtical Methods: Four different impactites exhibiting a wide range in morphologies were 
examined. Sample AR-1 was a vesicular pumice-like sample exhibiting a gradation in color from reddish to glassy 
black from one side to the other. Samples AR-2 and AR-3 are typical centimeter-size glasses similar in appearance to 
splash-form impactites from other known craters. Sample AR-4 is a relatively fragile glass generally resembling a 
fulgurite, whereas AR-5 represents a bulk sample of loess collected from below the floor of one of the smaller 
craters. Additionally, two meteorite samples (an interior chip and rim sample) were analyzed. Each sample was 
sectioned with a diamond blade. One half was used to produce a thin section; the other was coarsely crushed for 
neutron activation analysis. The samples were packed in polyethylene capsules, and together with standards irradiated 
for about 8 hours at the reactor of the Atominstitut in Vienna at a flux of 2 . 1 0 ~ ~  n .~m-~ . s - l .  Three measurement 
cycles were performed, the first starting 2 days after the end of the irradiation, and the last one about 1 month after 
the end of the irradiation. The samples were counted using HpGe detectors with up to 48% rel. efficiency and 1.85 
keV resolution at 1332 KeV. The setup allows measurement of about 35 elements. 

Results and Discussion: The trace element data show that all three types of impactites (the vesicular, splash- 
form and the fulgurite-like impactite) are very similar to each other regarding absolute abundances and elemental 
ratios. Furthermore, the average impactite composition is almost indistinguishable from the composition of the 
loess. Although only one loess sample was analyzed for trace elements, it may be assumed that the loess studied here 
is representative of the target rock chemistry. 

In thin section, the vesicular nature of all the selected samples were evident. The glasses were studied for major 
element composition by microprobe analysis and were also found to be relatively homogeneous but with 
considerable schlieren and inclusions of loess. Sample AR-1, which shows a gradation in color from one end to the 
other from rusty red to black, shows some chemical differences. The same sample was subdivided into three parts for 
ANAA; AR-1A designates the sample from the red zone, containing more Fe, Cr, Co, and a number of lithophile 
elements, but less Si02, than sample AR-1C which was taken from the black zone. The chemical variations may 
simply reflect dilution of the bulk loess-like composition by quartz. Sample AR-1B was taken from in between the 
red and black zones and is also intermediate in trace element composition. 

The microprobe studies revealed a CaO-rich zone very close to the reddish rim of sample AR-1. As it is only a 
small area, this zone will not contribute significantly to the bulk chemistry. It may have formed either by 
incorporation of calcite or similar mineralizations from the loess, or could also have formed as a secondary alteration 
product. Apart from the CaO-rich zone, numerous quartz inclusions, some "frozen" in the process of being dissolved 
in the glass (very similar to what we see at many other impactites), and some magnetite inclusions (with about 0.1 
wt. % Ni, and 0.1 wt. % Cr) were found. 

A comparison of trace element abundances between average impactite and the loess (Fig. 1) shows that all 
elements show virtually no (significant) differences (with the exception of Br, which may be mobilized either by 
volatilization, or leaching). The same holds for the rare earth element (REE) abundances and patterns. It can be 
concluded that the impactites have been formed from average sedimentary (crustal) material and that the loess matches 
the impactites almost exactly. Variations in composition between craters and between different loess samples will be 
investigated in the future. Some of the impactite samples show a slight enhancement of siderophile elements 
compared to average crustal (sedimentary) composition, or to the loess composition. For example, Ir was found at 
about 0.5 ppb in some samples, which may be a fingerprint from the meteorite; however, the low level indicates 
that any meteoritic component (i.e., meteoritic contribution to the target rock) in the impactite is significantly less 
than 1%. 

A significant finding was the discovery of remnants of the meteorite that created the crater field (1). The trace 
element composition of two samples of the meteorite was studied as well. The C1-normalized abundance plot (Fig. 
2) shows that the siderophile and most chalcophile and lithophile elements in the meteorite are close to chondritic 
values. A few exceptions are worth mentioning: elements such as Sr, Zr, Ba, Hf, Ta, Th, and U are typical terrestrial 
contaminants that must have entered the meteorite during the weathering process and are probably leached from the 
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loess. The absolute abundances (and elemental ratios) of the siderophile elements, and others such as Na, K, and Sc, 
indicate a composition of an equilibrated or- H-chondrite, probably type H4-6 consistent with other studies (1, 
2). The REE pattern is nearly chondritic, with a slight enrichment of the light REEs in the alteration rim, which can 
again be explained by terrestrial contamination during weathering. One very interesting result was the discovery of a 
large positive Ce anomaly in both samples. Similar Ce anomalies have been found before, e.g., in Antarctic 
meteorites, and have been attributed to weathering; however, none of similar magnitude has been described before. 

It is clear that the preservation of meteoritic matter, craters, and impactites at Rio Cuarto is of extraordinary 
interest, and provides a laboratory for detailed studies of impact processes and products. 
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Figure 2. Relative abundance of 
chondritic metwrite fragments found 
in large downrange crater near other 
sampled impactites. 
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