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Holser et al. [ I  I reported sudden decreases in 613c at seven extinction boundaries: 570, 438, 
367, 360, 245,91, and 66 Ma. At the K K  boundary, 66 Ma, anomalously high Ir concentrations have 
been found, suggesting a bolide impact [21, whereas considerably lower Ir has been reported at the 
other six extinction events [e.g. 31 including the most severe extinction at the PermianKriassic boundary 
at 245 Ma [ I  I. At the P K  boundary the 613c decline was =3%0 to -1.5%0 over -1.5 Ma interval. 

Zachos et al. [41 presented 613c, 6180, and other geochemical data in carbonates from the K K  
boundary sequences at the Pacific sites 47.2 and 577. The later, Hole 577 on the Shatsky Rise (S.R.), 
offers an undisturbed K K  transition because it was hydraulically piston cored. They 141 found that the 
d13c in the carbonate fine fraction started its decline at the stratigraphic level of 577-1 2-5-1 35 (Hole- 
core-section-cm). Our laboratory [51 measured 30 elements in 45 Hole 577 carbonates that ranged 
from 1 .O-67.1 Ma, including 28 carbonates that defined the K/l peak. The Ir-mass weighted depth of 
the L.W.A. (Luis W. Alvarez) bolide impact ejecta of -0.15 g/cm2 of C1 chondritic-like matter (corrected 
for bulk and dry densities) occurred at 577-1 2-5-1 24, the dotted line in Fig. 1. The circles are the Ir 
data [5] and the triangles are the 613c data [41 in Fig. 1. 

The mass weighted depth of a tracer, "instantaneously" deposited, is always at the level of the 
original pulsed concentration [61. The 1 1 cm interval from the 135-1 24 cm levels corresponds to -1 1 
ka, assuming a deposition rate of -1 0 m/Ma [41 before the K K  boundary. Such an interval would not 
suggest a causal relationship between the L.W.A. bolide-613c decline. 

Thierstein and Okada [71, who studied the K K  boundary in the northwest Atlantic, Site 384, 
present depth 391 0 m, suggested that the Cretaceous taxa became extinct simultaneously and that the 
taxa were diluted and reworked over -83 cm interval by benthic burrowers into the Tertiary sediment, 
as described mathematically by [81. At K K  time, Site 384 was located in a smaller North Atlantic 
ocean relative to the location of the S.R. Site 577 nearly in the central Pacific Ocean. 

We assume that the concentration of 13c compared to that of I2c, as originally deposited, 
declined abruptly at K K  and then began to rise again. This abrupt transition is then modified by 
bioturbation. The concomitant deposition of 0.1 5 g/cm2 of ejecta from a C1 chondritic-like L.W.A. 
asteroid or comet, which we assume has been deposited in a very narrow layer of -3 mm (pore water 
included), provides a convenient measure for this modification; i.e., the effect of bioturbation on the 
original 1 3 ~ / 1 2 ~  concentration profile must have been the same as for Ir. We assume Gaussian mixing 
for the spreading of the original narrow Ir spike of -3 mm into an approximately normal distribution with 
an observed 11 cm width at the half maximum points. Because of better Ir sensitivity, the total width 
of -60 cm for the Ir peak at FWO.01 M was measured by the LBL group [91. The Ir FWHM of 11 cm 
were comparable for Holes 577B and 577, respectively, and FWO.1M at 19 cm and 21 cm, 
respectively. Comparing the Ir distributions for Holes 577 and 577B, we calculated that the Ir-mass- 
weighted depth of the 0.15 g/cm2 of L.W.A. bolide ejecta was at 124 cm in Hole 577. 

We proceeded incrementally (by millimeters) through the region of interest (a little over a meter 
in depth and centered a little below the KK) .  The concentration at each level is distributed over other 
levels according to the relationship C(dz) = C(z) exp(-a(dz12) where z is the current level, dz the distance 
from this level, C(z) is the original concentration at z and a is the constant making the Gaussian curve 
consistent with that for It. This function is then integrated over the entire layer to produce the resultant 
theoretical concentration profile following bioturbation (Fig. 2). 

We do not know precisely the original profile across the K K  transition region. We have chosen 
to construct the original profile from the available data, assumptions and constraints and apply the 
bioturbation model and compare the results with the measurements. Well away from the transition 
zone, where the concentration variation is slow and nearly linear, Gaussian mixing will have little effect 
on the profile and we may use the actual measurements to generate the original profile. As we 
approach the K/T transition from below we may assume that the rapid drop in 13c concentration must 
be due to mixing and that the original profile here may be extrapolated linearly to the boundary. At this 
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point there is a discontinuity in the original concentration, dropping to some unknown level and then 
recovering. At some point above the transition we again arrive in a region of relatively slow and near 
linear change where we may once more use the measured data points as the original profile. We 
designate the point 30 cm above the transition as the return point, assume a linear recovery from the 
low point, and apply the mass conservation constraint. By adjusting the lowest concentration to where 
the integrated difference is zero this constraint is met. 

The "after-mixing" curve in Fig. 2 is slightly above the measured samples before K/T and below 
the sample data after K/T at the 124 cm level. Within the constraints of Gaussian mixing over the 
entire column and our choice of a return to normalcy at -100 cm, we suggest that our mixing 
calculations support a causal relationship between a L.W.A. bolide impact and the 613c decline. 

If the CaCO, with 613c =3.0%0were precipitated biogenically at 25°C just before the K/T L.W.A. 
impact, it should be in equilibrium with 613c=-7.1 %ofor the CO, gaseous environment. The CaCO, 
with 613c = 1.55%0precipitated just after the L.W.A. impact should be in equilibriumwith 613c =-8.5%0 
for the CO, environment. If one assumes that the L.W.A. bolide (-8 km diameter, 20 km/s, p =3  g/cc, 
C1 chondritic-like, -0.72 ng lr/cm2 uniform ejecta deposit over the Earth) impacted 1-4 km carbonate 
thick deposits I101 in the Caribbean, Yucatan Basin [ I  1 I with an average 613c=2.2% in such 66-138 
Ma carbonate deposits [ I  2,131, the CO, addition to the atmosphere would be -5-1 5% (say average 
10%) and yield 613c--6.2%0 for the CO, in the mixed atmosphere. This value is considerably above 
the di3c equilibrium values of -8.5%0 for the atmospheric CO,. This indicates serious disequilibrium 
and large scale reduction of primary carbonate productivity in the oceans, resulting from climatic and 
environmental changes following the L.W.A. impact [21. Further calculations must include estimates 
of the planktonic and benthic contributions to the fine carbonate samples. 
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