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Our understanding of the effects of impacts on the development and evolution of life is still 
incomplete and approximate, and very few experimental data are available to help us out. One of 
the best case-studies for this problem is the Chicxulub impact event. The Chicxulub crater, 
located in the Yucath Peninsula, Mexico, has been associated with one of the most dramatic 
extinction events characterizing the evolution of life on the Earth, the extinction that marks the 
Cretaceous-Tertiary boundary. Unfortunately, the complex target geology at the Chicxulub site 
has proven to be a difficult obstacle for modeling studies and up to today, few simulations have 
been carried out [1,2]. A good equation of state for the thermodynamic properties of the target 
materials (in particular carbonates, e.g., calcite, and evaporites, e.g., anhydrite) is still needed. 
This study reports the progress of our modeling of the target geology in the Chicxulub event. The 
main improvement over previous work consists in the development of an ANEOS equation of 
state for calcite and granite, which are necessary for an accurate simulation of the Chicxulub 
event. The preliminary results of our simulation indicates a CO2 production of 1-2-10" kg, lower 
than in previous studies [I], and a production of water vapor of about 6.10'~ kg, most of which 
will end up in the stratosphere. Tracer particles are used in the simulation to follow the trajectory 
and the thermodynamic conditions of the ejecta plume. 

Geological investigations indicate that the Chicxulub site at the time of the impact was 
characterized by a shallow sea (50 to lOOm deep) covering an approximately 3 km thick layer of 
sedimentary rocks over a crystalline basement. The size of the crater is not well constrained, with 
estimates varying from about 180 km [3,4] to 260-300 km [5]. For this simulation we chose a 
projectile of 10 km in diameter, corresponding to the smaller size crater. The projectile is 
assumed to be an asteroid (silicate, e.g., dunite in this simulation) impacting vertically with a 
velocity of 20 kmlsec. The target material is assumed to be a basement rock made of granite, 
overlaid by a 2.9 km thick carbonate layer (calcite, CaCO3), and a 100 m deep sea. No 
atmosphere has been included in this simulation. 

The simulation is axially symmetric, and was done using the 2-D finite difference hydrocode 
CSQIII [6], a mixed Eulerian-Lagrangian code developed at the Sandia National Laboratory. The 
equation of state of the materials used has been computed by the semianalytic equation of state 
N O S  [7], which is a fortran code designed for use with a number of hydrocodes. Pressures, 
temperatures, and densities are derived, in ANEOS, from the Gibbs free energy and are thus 
thermodynamically consistent. Particular attention has been devoted to the resolution of the 
simulation. The initial resolution varied from 50 to about 30 cells per projectile radius. As the 
simulation proceeded, several rezoning procedures were necessary to keep the resolution at its 
best for each phase of the simulation (especially in the crater excavation region) and, at the same 
time, to include the expanding vapor plume in the active field. Several tracer particles, i.e. 
massless particles which record the conditions of material at the local tracer position, have been 
included in the simulation to study the trajectory of the ejecta and the pressure, temperature and 
time history of materials involved in the impact event. The tracer particles sample all the materials 
involved in the simulation: about half of them are regularly distributed in the projectile (dunite), 
and half in the target material (representing water, calcite, and granite). At the time of this 
abstract deadline the simulation has covered only about 3 seconds of the impact event, but we are 
planning to extend it much farther before the Lunar and Planetary Science Conference. 
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  he main difference of this study with respect to previous work consists in the equation of 
state used in the simulation. We have developed, for this work, the ANEOS equation of state of 
calcite and granite, while the ANEOS equation of state for water was available &om our previous 
work [8]. Because the development of the equation of state of anhydrite is still in progress, we 
could not include anhydrite in our simulation. 

Following the method employed in [9], we estimated the amount of material melted andor 
vaporized in the impact event. This is particularly usehl for the determination of the water vapor 
and carbon dioxide released by the impact. Previous work on the decarbonation of calcite showed 
incipient decarbonation for shock pressures between 20 GPa [lo] and 60 GPa [l 11 that decreases 
to 10 GPa for porous chalk [12]. The ANEOS equation of state indicates incipient decarbonation 
at about 60 GPa. Assuming decarbonation for calcite exposed to a shock pressures >lo-20 GPa, 
the production of CO2 in the simulation is found to be 1-2.10'~ kg, one to two orders of 
magnitude less than in [I]. This value is close to the present-day C02 content in the atmosphere 
(about 2.7.10'~ kg), while the Cretaceous atmospheric C02 content has been estimated to be 2 to 
10 times higher than today. Consequently, the atmospheric C02 increase from the impact related 
decarbonation of calcite does not seem to be climatically significant. The amount of water 
vaporized by the impact is estimated to be on the order of 6.10'~ kg, not significant if compared 
to the total atmospheric water vapor (1.3.10'~ kg), but it is important, since most of it will 
probably end up in the stratosphere (whose water vapor inventory is on the order of 10'' kg). 
Most of the projectile undergoes melting and vaporization as well; this simulation indicates that 
about 70% of the silicate projectile is melted, and only about 20% is vaporized. 
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