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We have been measuring elemental abundances (including the Pbgroup) across the extinction bound- 
aries in the fossil record to  test recent hypotheses (1-3) that link impacts from cyclic comet swarms in 
the inner Solar System with the periodic (-26 Ma) extinctions of life reported by Raup and Sepkoski (4). 
Recently we have concentrated our effort on the Cenomanian-Turonian ( G T )  stage boundary (-92 Ma), 
because the extinction is well documented in the United States and Europe and it occurred a single "cy- 
cle" before the classic Cretaceous-Tertiary (K-T) extinction and impact event; as such, the time interval 
separating the two extinctions is relatively well determined. 

The C-T stage boundary interval is recognized as a time of maximum eustatic rise in the Cretaceous 
and a period of increased burial of organic carbon in ocean basins. Maximum flooding of the western interior 
seaway occurred in the Lower Turonian and C-T marine rock sequences are now exposed at localities from 
Texas to Manitoba and Alberta, and from central Kansas to south-central Utah. We began this study at 
one of the most completely preserved boundary intervals in North America; the Rock Creek Anticline just 
west of Pueblo, Colorado. The G T  boundary occurs in the lower part of the Bridge Creek Member of 
the Greenhorn Formation. The member is recognized here as the first occurrence of ledge-forming micritic 
limestone overlying the organic-rich shales of the Hartland Member. The Bridge Creek Member is comprised 
of a series of alternating thin shales and limestones. Extensive paleontological work (5) has shown that a 
series of extinctions of foraminifera and benthic marine invertebrates occurred beginning in strata located 
about a meter above the base of the Bridge Creek Member and continuing across the G T  boundary, about 
four meters higher in the section. 

We collected 140 samples across the G T  boundary over a stratigraphic interval of 45 meters, repre- 
senting at least two million years of deposition. The samples were dried, pulverized and weighed into two 
plastic irradiation containers. One was placed in the Los Alamos automated neutron activation analysis 
system (6) to determine abundances for about 40 common and trace elements and the other container was 
irradiated for seven hours in an intense thermal neutron fluence to produce radioactive lg21r, which was later 
separated from interfering radionuclides by a radiochemical procedure. On selected samples Au and P t  also 
were determined by radiochemical methods. 

Abundances for Ir, Cr and Sc over the entire 45-meter section are shown in Fig. 1. Although space does 
not permit showing more abundance patterns, Ti, Mn, Co, Ni, Pt and Au also were enhanced in the same 
zone. Lithophiles (Na, K, Cs, Mg, Sr, Hf, Ta, Th and U) and chalcophiles (As, Sb, Zn and Se) showed no 
enhancement. The striking observation is that these elemental abundance maxima occur coincident with the 
beginning of the biological crisis seen in the fossils and nowhere else in the section. The Ir pattern is similar 
in shape (Fig. 2) to what we have observed at the Cretaceous-Tertiary boundary and at an Upper Eocene 
impact horison; an abrupt increase in concentration followed by a slower tailing back to local background 
amounts. However, that is where the similarity with fallout debris from large-body impacts ends. Here, 
elements not enriched in meteorites (Sc, Ti  and Mn) are also enhanced, and siderophile ratios to one another 
are similar to terrestrial ratios and far different from Solar System ratios. F'urthermore, we have not found 
any shocked-mineral grains or microspherules, other signatures of an impact. There are numerous volcanic 
ash beds in the section, but none of these, even very thick ones (up to 60 cm), appeared to have had any 
detectable effect on the fauna, and the siderophile abundances in them are all very low; these are altered 
ashes from continental (silicic) volcanoes. We suspect that the enriched elements might have resulted from 
the erosion of ultramafic source rocks in the Cordilleran Orogenic Belt to the west, or to possible deepsource 
eruptions in the seaway (diatremes, kimberlites, or hot-spot volcanism), or to upwelling of deep, metal-rich 
water from the proto-Gulf of Mexico during this strong transgressive cycle in the seaway. 

In order to gain further information about the source of the elemental enrichments, we have examined 
samples from other localities throughout the Western Interior of North America; Kansas (Fig. 3), Nebraska, 
Arizona, Utah, New Mexico, South Dakota, Montana and Manitoba, Canada. The general pattern, thus far, 
is a decrease in abundances to the north and to the western and eastern margins of the paleo seaway. The 
highest concentrations seem to be localized in the region of southeastern Colorado and southwestern Kansas, 
with a possible second "hot spotn near Socorro, New Mexico. We are currently planning to resample the 
Socorro section in greater detail and also collect and examine samples from sites in Alberta, Canada, and in 
the vicinity of Pecos, Texas and Gallup, New Mexico. Results of the Texas sites should shed some light 
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on the possibilty that these elements came in from a source in the proto-Gulf. Currently, the most likely 
source appears to be an ultramafic body in the vicinity of the highest enrichments. There are lamproites 
and kbpberlites in southeastern Kansas with K-Ar dates of 96 f 2 Ma. Therefore, it is conceivable that 
other similar structures (currently unidentified) might lie farther to the west. 
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Fig. 2. Expanded view of selected el- 
emental abundances on a carbonate- 
free basis. Arrows on the right indicate 
stratigraphic positions of three extinc- 
tion events. Black beds are bentonites. 
Note low Ir, Cr, Pt, Ni, and Sc abun- 
dances in the volcanic ash beds. 

Fig. 3. Comparison of the Ir abundance pattern 
at the Pueblo, Colorado section with a western 
Kansas section, stratigraphically normalieed to base 
of thick, lower volcanic ash bed. 
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