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The Permiannriassic (PKr) boundary is associated with the largest mass extinction event in 
Phanerozoic time. A 330-meter core has been drilled through the marine P/Tr boundary on the north 
slope of the Gartnerkofel in the Carnic Alps of Austria. This locality was near the western end of the 
Tethys Sea, on a carbonate ramp gently inclined to  the south-east and 160 km east of the shoreline 
exposed in the western Dolomite Alps. Hole GK-1 has been described, and a correlated study of 
isotopes, geochemistry, petrography, and palaeontology across the boundary has been reported by 
Holser et. al. [ I ] .  The PKr boundary lies within the Tesero Horizon (TH, 231-224.5m depth). The 
carbon isotope profile shows a steep decline of 613~across the P/Tr boundary and the subsequent three 
minima in the lowermost Triassic at the depths of 220, 193, and 186 m [1 I; representative 613c data 
from [ I ]  are plotted in Fig. 1. We have analyzed by INAA 56 GK-1 samples, obtained from W.T. Holser 
and P. Klein, for 28 elements. 

In the study of sediments from the S.R. (Shatsky Rise) [31, we found that the composition of 
detritus in carbonate sediments is similar to N.A.S.C. (North American Shale Composite) [41. Also, for 
the GK-1 dolostones, we observed that the relative abundances of elements K, Rb, Sc, Hf, Ta and Th 
are similar in general to N.A.S.C. The contents of detrital material range from 0.6-70% in these 
samples. They contain 24-54% CaC0, based on the Ca abundance assuming all Ca is in the form of 
CaCO,. These samples are dolostones, not ideal limestone sediments. The diagenetic dolomitization 
process may have introduced chemical environments which could alter the element pattern, thereby 
causing uncertainties for inferring environmental conditions at the Prrr boundary. 

Higher Fe abundances of 1.85 and 1.46% FeO are observed in the samples corresponding to  the 
first and third 613c minima, respectively. Holser et. al. [ I1  reported that the first and third carbon 
isotope minima contain higher concentrations of pyrite. Both pyritic intervals are bracketed by oxidized 
intervals low in S,, with most of the Fe as goethite. Elements essentially associated with N.A.S.C.-like 
detritus, such as K, Rb, Sc, Hf, Ta and Th, show similar abundance vs. depth patterns as does Fe, and 
all have higher concentrations in two 613c minima, indicating higher detrital contents in these regions. 

Rare earth elements are also high in these two 613c minima layers. The sources of REE in marine 
sediments are both from indigenous detrital material and deposition directly from seawater. Ce 
anomalies (ceA*,  corrected for the REEs indigenous to the detritus) are plotted in Fig. 1 vs. sample 
depth. The ceA* values of dolostones represent the Ce anomalies in the parental seawater, i.e. the 
REEs that precipitated onto the Fe-Mn-oxyhydroxide coatings of the carbonate minerals and onto the 
detrital matter during the exposure to direct seawater or interstitial pore waters in equilibrium with 
seawater and during the dolomitization process. 

The pH of seawater is a major factor which controls the ceA* values [51. Calculations of ceA* 
assume that the relative REE abundances in the PKr oceans were similar to  the REE pattern in N.A.S.C. 
For high detrital containing samples, e.g. > 10% N.A.S.C.-like detritus, the corrections are large, which 
would result in large errors in ceA* values. Ce anomalies without detrital corrections (ceA, closed 
circles), are also plotted in Fig. 1 .  For most samples, except samples in the TH interval, ceA* are in the 
range of 1-1.5 with an average of -1.2, while ceA -1 . l .  ceAa drops from -1.2 for uppermost Permian 
samples to  -0.55 in the TH layer, then increases near the top of the TH interval to  -1.2 and remains 
at this average value through three 613c minima. The ceA' decrease in the TH interval is consistent 
with the drop of ~ e * / ~ a *  observed by Holser et. al. 111 in this interval. Further discussion of Ce 
anomalies is found in a companion abstract, part 2. 

The U abundances (0.5-8.9 ppm range; 2.0k 1.7 ppm average in 56 samples) are higher than in 
deep sea sediments [51 e.g. 0.16 k0.10 ppm of U in 25 < 1-76 Ma Hole 31 6 deep Pacific carbonates. 
High U abundances in these dolostones are consistent with the high U found by us in >70 limestones 
and dolomites deposited in other shallow sea platforms, e.g. 75-1 63 Ma over Saudi-Arabia, 150-300 
Ma over Central Europe, 150-300 Ma over Central Europe, 235-51 0 Ma over China, and 330-470 Ma 
over central USA. Because essentially all Th is in the detritus and Th/U=4.6 in N.A.S.C., the 
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predominant fraction of U is probably the result of the reduction of some UO$+ + u4+ in the sea water 
and co-precipitation of U(OH), onto the Fe-Mn-oxyhydroxide coatings. Therefore, the high U abundance 
is an indication of a relatively reducing-organic detrital environment in shallow seas for deposition of 
the GK-1 carbonates. The five dolostones within the TH from 227.0-230.6 m that exhibit "normal" 
ceA* of -0.55 for shallow sea platforms contain 0.9 50.3 ppm U, within the average U for the entire 
GK-1. These data support our conclusion that UO$+-U~+  and ce4+-ce3+ couples are decoupled and 
controlled by anoxic and pH parameters, respectively. 

We did not observe any Ir enrichments in our GK-1 samples. Ir in all samples are lower than our 
detection limits. Holser et. al. [1  I and Attrep et al. I61 observed two Ir peaks; the first Ir peak of 0.1 65 
ppb occurs at 224.5 m at the top of TH while 613c declines sharply to the first minimum. The second 
peak of 0.23 ppb at 185.6 m is at the center of the third 613c minimum. Our Ir detection limits for the 
samples nearest to them are c0.07 and c0.15 ppb, respectively, which argue for consistency of our 
Ir measurements. These data do not support a bolide impact at the P/T boundary. 
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