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More than a decade ago Alvarez et al. (1) hypothesized that 
the impact of a -10 km diameter asteroid caused the mass 
extinctions that mark the K/T boundary. They proposed that the 
primary extinction mechanism was the injection of large amounts of 
dust into the stratosphere, which caused a period of global 
darkness and a major disruption of photosynthesis. Later modeling 
attempts showed that this dust could have caused a brief (3-6 
months) but severe episode of total darkness and global freezing 
(2). Evidence that a large impact (or impacts) did occur at the 
K/T boundary is now overwhelming (e.g. 3), especially with the 
recent discovery of a -200 km diameter probable crater of K/T age 
in Yucatan, Mexico, named the Chicxulub crater (4, 5) . The K/T 
environment of the Chicxulub impact, a shallow carbonate/evaporite 
shelf, potentially provides for a variety of the extinction 
mechanisms, however one mechanism, particular to the Chicxulub 
impact, may be one of the most important. This mechanism involves 
the ejection of large amounts of gaseous sulfur into the atmosphere 
as a result of devolatilization of anhydrites (CaSO ) ,  which is 
indicated by both anhydrite target rocks at ~hicxufub and K/T 
tektites with high sulfur content from Haiti (6). 

A sequence of carbonates and anhydrites 2 to 3 km thick 
comprises the upper section of target rock at Chicxulub, with 
anhydrite comprising 50-67% of the section (variation measured in 
exploratory oil wells near the crater rim). The release of sulfur 
gas upon impact would involve processes similar to those proposed 
by OIKeefe and Ahrens (7) for devolatilization of carbonates, 
however the atmospheric and climate effects would be much 
different. Sulfur gas would be ejected into the stratosphere along 
with water vapor and C02 from the shallow sea and highly porous 
carbonates and anhydrites. The water and sulfur gas would interact 
to form sulfuric acid (H2S04) aerosols, as has been well documented 
for the 1982 sulfur-rich eruption of the El Chichon volcano (e.g. 
8), and more recently for the eruption of Pinatubo in the 
Philippines. 

The importance of sulfuric acid aerosols lies in their 
effectiveness in trapping solar radiation in the stratosphere, 
causing surface cooling, and their relatively slow sedimentation 
rates, especially when compared to dust particles (e.g. 9). Pollack 
et al. (10) have shown theoretically that ejection of sulfur gas 
and dust into the stratosphere by volcanic eruptions can cause -lo 
K cooling of the Earth's surface for a period of up to one to two 
years. This cooling is caused primarily by increases in the 
optical depth by sulfuric acid aerosols, not dust particles, and 
has been confirmed by surveys of climatic records following 
volcanic eruptions (e.g. 11, 12). The 1982 eruption of El Chichon 
ejected an estimated 3 million metric tons of sulfur gas into the 
stratosphere (13) ; the 1991 eruption of Pinatubo appears to have 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



log8 BIOSPHERIC EFFECTS OF CHICXULUB BOLIDE: Pope, K. 0. and Ocampo, A. C. 

produced over twice this amount (14). The Chicxulub impact, 
however, produced over a million times these amounts, even with the 
most conservative estimates of the K/T bolide size and velocity and 
anhydrite thickness. Such an input must have had a dramatic effect 
upon the Earth's atmosphere, causing severe global cooling for a 
period of many years. 

Sulfuric acid rain would have occurred on a large scale as the 
acid droplets in the atmosphere condensed and fell, and perhaps it 
too lasted for many years. The Chicxulub impact would also have 
volatilized a 1 km or more thickness of carbonate, which according 
to OIKeefe and Ahrens (7) would hav: released enough C02 to raise 
global temperature a minimum of 6 K for a period of several 
thousand years, although such heating would necessarily follow the 
years of cooling by aerosols. Cooling and heating events following 
the K/T boundary have been proposed independently from both 
isotopic studies of marine sed ent (15) and paleobotanical 
analyses (16), while studies of 'Sr/'6Sr from marine sediments 
independently support a major episode of continental leaching at 
the K/T boundary (17, 18), perhaps caused by sulfuric acid rain. 
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