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A number of lines of evidence suggest that the Chicxulub structure in the northeast 
Yucatan is not only an impact  crate^, but that it is the crater responsible for the mass extinctions 
that ended the Cretaceous [1,2,3,4]. The purpose of the study is to model ejecta blanket 
thickness and shock levels of ejecta as a function of range from a crater the size of Chicxulub, 
and to compare the model results with observations of the KT ejecta deposits. 

A compilation of ejecta blanket thicknesses 6 as a function of distance R from the 
-3.0f 0.5 crater center [5] suggests that 6 = O . I ~ R ~ ( R  I R,) , where Rtc is the radius of the 

transient crater.The Chicxulub structure is estimated to be 180 km in diameter, which 
corresponds roughly to a transient crater diameter of 120 km. Using this relation, we calculate 
ejecta thickness as a function of distance and compare the predictions with observed KT ejecta 
layer thickness at several sites -- see Figure 1. The vertical bars on the curve represent the 
uncertainty in the power law exponent above. The closest point is the ejecta layer at Beloc, 
Haiti; the distance between this site and the Yucatan Peninsula at the time of the KT impact 
was estimated by plate tectonic reconstruction. The distances to the other sites were simply 
measured from maps, under the assumption that there has been little change in these distances 
over the last 65 My. The three closest sites were visited by one of us 0. A. K.), who 
measured the ejecta layer thicknesses there; the values for the other sites are taken from a 
number of published sources. Where there are two distinct ejecta layers present, it is the 
thickness of the lower one that is plotted. These data are clearly consistent with the 
interpretation that the observed ejecta layer was produced by an impact at the Chicxulub site. 

According to the Schmidt-Housen gravity-regime crater size scaling relation [q, a 
crater the size of Chicxulub can be produced be the 20-kmls impact of an approximately 10-km 
diameter asteroid - consistent with estimates of the size of the impactor based on estimates of 
the total Zr contained in the KT boundary layer [q. To predict the shock levels of ejecta as a 
function of range from such a crater, we need a model for shock wave attenuation in the target, 
a model for the the excavation flow (because only a fraction of the shocked material is ejected), 
and a way to estimate ejection velocities. For the fmt, we use the simple model we developed 
to estimate the amount of melt produced in a crater [8], and for the second, we use the 
Maxwell Z-model [9]. Ejection velocities are estimated using scaling relations [lo]. (The Z- 
model also predicts ejection velocities, but the method is quite cumbersome and it is unlikely 
that the results are any more accurate than using scaling.) 

The pressure attenuation model assumes that an impact produces in the target a 
hemispherical isobaric core shocked to a pressure given by impedance matching. The particle 
velocity in the core is taken as simply half the vertical component of the impact velocity. The 
size of the core is determined by assuming that half the kinetic energy of the impact is initially 
equally partitioned between kinetic and internal energies of the core. Outside this core, it is 
assumed that particle velocity declines as the square of the radial distance, as required by 
momentum conservation. A linear shock velocity-particle velocity equation of state and the 
second Hugoniot relation then pennit us to calculate shock pressure as a function of radius - or 
conversely, the radius within which material has been shocked to at least a given pressure. 

In the Z-model, material moves in stream tubes between stream Lines that are described 

in polar coordinates by r = R(l- cos t$)1'(z-2) where r is the radial distance from the center of 
impact, $ is the angle of the radius vector from the vertical, R is the distance from the center of 
impact at which the streamline intersects the original target surface, and z is a parameter (which 
we take to be 3). Material in stream tubes that emerge from the surface within the transient 
crater is ejected. Because the stream tubes cut across the hemispherical shock pressure 
contours, the material ejected from any given distance from the center of the impact comprises a 
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mixture of material shocked to different levels. From Maxwell's equation, we derive an 
expression for the differential volume of material in a seeam tube as a function of r and R. We 
choose a number of shock pressures, use our analytic model to calculate the corresponding 
radii, and integrate to find the fraction of material shocked to a given level within each stream 
tube. A simplified version of the Melosh spall model is used to correct for the effect of the free 
surface, near which incident and reflected waves interfere to create a zone of decreased shock 
pressure. We estimate ejection velocity as a function of launch position R and use the ballistic 
equation to find the range at which the material is deposited. The results are shown in Figure 2 
as the cumulative fraction of the ejecta shocked to at least a pressure P as a function of P. The 
different curves correspond to different ranges (in km), indicated by the labels. Aso indicated, 
as a vertical line, is the pressure we estimate is required to induce melting. The fraction of melt 
ejecta increases with increasing range: at ranges greater than about 1200 km, more than half the 
ejecta has been shocked at least enough to melt it. Even the most proximal ejecta, however, 
contains some highly shocked material. 

hett [l 11 recently proposed that the stratigraphic couplet at the KT boundary in North 
America represents the ejecta from two separate impacts, the first at (or in the vicinty of) 
Chicxulub and the second at Manson. We find it implausible, however, that ejecta from the 
tremendous Chicxulub structure was confined to areas within a few thousand krn of the impact 
site, but that the ejecta from the relatively small (35 km) Manson structure was distributed 
globally. Our calculations [12][13][14] suggest that large impacts are likely to produce such a 
couplet, with the lower layer, which is found only in or near North America comprising ejecta 
from the main excavation flow field (as modelled above). The upper layer, which is found 
globally, contains shocked quartz and shows the famous Ir anomaly, comprises material that 
was entrained in, or condensed from, the melt/vapr plume produced by the impact. This is the 
most highly shocked portion of the ejecta; it includes most of the projectile and is therefore It- 
rich. Such material is expected to be carried to high altitudes by the expansion of the 
superheated meltlvapor and distributed globally. Furthermore, it would be deposited later -- on 
top of - the main body of the ejecta. 
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