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By David A. Kring 
and Daniel D. Durda 

The dinosaur-killing impact 
set off a wave of wildfires 
that consumed Earth’s forests

BURNED
The Day theWORLD
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to an abrupt end. Less well known, though, is exactly how they
and so many other species became extinct and how ecosystems
managed to rebuild themselves afterward. The cataclysm went
far beyond the regular insults from which living things must re-
cover. The asteroid or comet flashed through the sky more than
40 times as fast as the speed of sound. It was so large that when
its leading edge made contact with ground, its trailing edge was
at least as high as the cruising altitude of a commercial airlin-
er. It produced an explosion equivalent to 100 trillion tons of
TNT, a greater release of energy than any event on our planet
in the 65 million years since then.

The remnants of that collision lie below the tropical forest
of the Yucatán, the Maya ruins of Mayapán, the seaport village
of Progreso and the waters of the Gulf of Mexico. The crater,
called Chicxulub after modern Maya villages in the area, is ap-
proximately 180 kilometers in diameter and is surrounded by
a circular fault 240 kilometers across, apparently produced

when the crust reverberated with the shock of the impact.
Science sometimes overwhelms science fiction in its capacity

to startle and amaze. Such is the case for this impact. It destroyed
one world and made way for a new one. But studies over the past
several years suggest that the impact did not kill off species di-
rectly or immediately. Rather it had a variety of severe and com-
plex environmental effects that spread the devastation world-
wide. One of the most destructive forces was the ignition of vast
wildfires that swept across continents. The fires wiped out crit-
ical habitats, wrecked the base of the continental food chain and
contributed to a global shutdown of photosynthesis.

Broiler Oven
TO SEE THE IMPRINT of mass death for yourself, you can
visit any number of rock outcrops in the western U.S., south-
ern Europe and elsewhere. An especially good location is the
Raton Basin in Colorado and New Mexico [see illustration on
page 104]. Sandwiched between rock layers from the Creta-
ceous (K) period of the dinosaurs and the subsequent Tertiary
(T) period is a one-centimeter layer of clay laced with exotic el-
ements. Looking closely at the layer in various locations around
the world, Wendy S. Wolbach of DePaul University and her col-
leagues made a startling discovery in 1985. They found micro-
scopic particles of soot—spherical particles of carbon often
clustered like grapes, with a composition that matches the
smoke from forest fires. Globally the soot amounts to nearly 70
billion tons of residue. It is the ash of the Cretaceous world.

At the time, the soot interested researchers mainly as addi-
tional evidence that the mass extinction was caused by an im-
pact rather than by volcanoes, whose effect would not have
been so abrupt or widespread [see “An Extraterrestrial Im-
pact,” by Walter Alvarez and Frank Asaro; Scientific Amer-
ican, October 1990]. In 1990 University of Arizona planetary
scientist H. Jay Melosh and his colleagues described how an im-

100 S C I E N T I F I C  A M E R I C A N D E C E M B E R  2 0 0 3

AL
FR

E
D

 T
. 

K
AM

AJ
IA

N
 (

p
re

ce
d

in
g

 p
a

g
es

)
■  The Chicxulub impact is notorious as the cause of the

Cretaceous-Tertiary mass extinction, which claimed the
dinosaurs and more than 75 percent of animal and plant
species on Earth. Less well known are the global wildfires
that the impact ignited.

■  As fast-moving debris superheated the atmosphere,
vegetation burst into flame over much of the planet.
Animals had nowhere to flee. Ecosystems collapsed. Fire
was among the most destructive of the impact-generated
environmental calamities.

■  Not all areas were equally affected. Far to the north of the
impact site, for example, many species survived. From
these niches, life repopulated the planet.

Overview/Dinosaur Barbecue

By now it is common knowledge that the impact of
an asteroid or comet brought the age of the dinosaurs 

COPYRIGHT 2003 SCIENTIFIC AMERICAN, INC.



LATE CRETACEOUS swamps and rivers in North America had a mix of
coniferous, broad-leaved evergreen and deciduous trees. They formed
canopied forests and open woodlands with understories of ferns,
aquatic plants and flowering shrubs.

THE CHICXULUB IMPACT occurred in a shallow sea and immediately
lofted rocky, molten and vaporous debris into the atmosphere. 
The bulk of the debris rained down on nearby continental regions, but
much of it rose all the way into space.

AFTER FIRES had ravaged the landscape, only a few stark trunks 
and skeletons remained. Soot from the fires and dust from the impact 
slowly settled to the ground. Sunlight was dramatically, if not 
totally, attenuated for months.

SHRUBS TOOK ADVANTAGE of the vacant landscape and began to cover
it. Species pollinated by the wind did better than those that relied on
insects. Trees began to grow, but it took years for forest canopies to
rebuild. The recovery time is uncertain.

THE VAPOR-RICH PLUME of material expanded to envelop Earth. 
As material in that plume fell back to the ground, it streaked through 
the atmosphere like trillions of meteors, heating it in some places 
by hundreds of degrees.

THE POSTIMPACT ENVIRONMENT was less diverse. Ferns and algae were
the first to recover. Plant species in swamps and swamp margins
generally survived better than species in other types of ecosystems.
Conifers fared particularly badly.
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pact could have set off fires around the world. As it hit, the as-
teroid or comet disintegrated and vaporized a chunk of Earth’s
crust, creating a plume of debris. With increasing speed, the
fiery plume rose out of the crater and rocketed through the at-
mosphere, carrying crystals of quartz that, only moments be-
fore, had been as deep as 10 kilometers below the surface.

The plume swelled to a diameter of 100 to 200 kilometers,
punching its way into space and expanding until it enveloped the
entire Earth. Material then began to fall back under the influ-
ence of gravity, plowing into the atmosphere with nearly all the
energy with which it had been launched from Chicxulub. Mov-
ing at speeds of 7,000 to 40,000 kilometers an hour, the parti-
cles lit up the sky like trillions of meteors and heated a large vol-
ume of the atmosphere to several hundred degrees, before slow-
ly settling to the ground and forming the layer we see today.

Melosh’s team calculated that the reentering debris could
have ignited vegetation over a huge fraction of the globe. But
nobody in 1990 knew the location or precise size of the impact,
so the team could not determine the total amount of heating or
the distribution of the fires. Although soot had been found
throughout the world, fires need not have erupted everywhere,
because soot could have been blown to some sites by the wind.

A Blue Rain Doth Fall
SOON AFTER MELOSH REPORTED his findings, a team of
seven American, Canadian and Mexican scientists (including
one of us, Kring) discovered that Chicxulub was the impact site.
This discovery settled the argument over the root cause of the
extinction. Since then, researchers’ attention has turned to the
details of the event.

Last year the two of us completed a new study of the wild-
fires. Knowledge of the impact location allowed us to recon-
struct the trajectories and distribution of material ejected from
the crater and evaluate the extent of the fires. Our calculations
suggest that some of the material reached halfway to the moon
before plummeting back to Earth. Within four days almost all
of it had returned to Earth. Slightly more than 10 percent es-
caped Earth’s gravity altogether, to be flung across the solar sys-
tem and possibly to collide with other planets. (Similarly, pieces
of Mars and the moon have landed on Earth, although the ejec-
tion process differed.) 

The reentering debris heated the atmosphere so severely that
it ignited wildfires in the southern and central areas of North
America, central South America, central Africa, the Indian sub-
continent and southeast Asia (which, because of continental
drift, were in different positions than they are today). Depend-
ing on the trajectory of the impacting asteroid or comet, fires
may have also struck other parts of those continents and pos-
sibly Australia, Antarctica and Europe.

The two worst places to be were the Chicxulub region and,
ironically, the place farthest away: India, which 65 million years
ago was located on the opposite side of the planet from Chic-
xulub, making it a focus point for debris. In the hours and days
that followed, Earth’s rotation carried landmasses to the east,
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TOASTED PLANET: To dry out plants and set them on fire takes 12,500 watts
of heating per square meter for at least 20 minutes. These conditions were
reached in two main areas, centered on Chicxulub and its antipode in India.
From these regions, corridors of fire stretched westward as Earth rotated
beneath the hail of reentering debris. This computer simulation assumes a
certain impact configuration; other scenarios incinerated even larger areas.

Impact site

Antipode
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bringing them under the hail of ejected material. Thus, the glob-
al wave of wildfire ignition shifted westward, slowly diminish-
ing in intensity.

In most areas, it did not really matter whether vegetation
was growing in a dry place or in a humid swamp. Hot temper-
atures lasted so long that moisture was driven from wet vege-
tation, like wood in a kiln, and then set ablaze. Did animals
panic when the sky began to glow with falling debris? Were
they alarmed when the temperatures began to rise? Did they
stand completely still, or did they run in some direction—to-
ward water, for example? Mercifully, most animals would have

fallen unconscious as the temperatures rose and never felt the
fire bursting out in the bushes and trees around them.

In addition to ravaging forests, the fires produced severe air
pollution. Soot and impact-generated dust choked the sky over
the entire planet, making it impermeable to sunlight. Some cal-
culations suggest that the surface was as dark as a lightless cave,
although the precise amount of darkening remains uncertain. In
any event, photosynthetic plants died and food chains collapsed,
even in areas untouched by wildfires, such as the sea. This phase
has been likened to “nuclear winter,” a cold spell that some
modelers have suggested may follow a nuclear exchange [see
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CRETACEOUS PARK

THE CLIMATE during the late Cretaceous period, just
before the comet or asteroid impact 65 million years
ago, was warmer than it is now. No ice covered the polar
regions, and some dinosaurs migrated as far north as
today’s Alaska and as far south as the Seymour Islands
of Antarctica. A seaway cut through North America,
joining the Gulf of Mexico with the Arctic Ocean.
Ecosystems ranged from swamps to deciduous forest.
Paleobiologists have mapped out those in North
America, where the continental sediments that contain
fossils are well preserved. (Little is known about late
Cretaceous vegetation in other parts of the world.)

In what is now southern Colorado and northern New
Mexico, meandering streams flowed from the nascent
Rocky Mountains to a coastal plain in the east. Charles L.
Pillmore and his colleagues at the U.S. Geological Survey
have mapped several sedimentary settings, including
stream channels, overbank deposits, floodplains and
swamps. Using fossil leaves in those sediments, Jack
Wolfe and Garland Upchurch of the USGS have shown
that the vegetation was dominated by near-tropical,
broad-leaved evergreen trees that formed an open
canopy woodland.

In what is now the Dakotas, Kirk R. Johnson of the
Denver Museum of Nature and Science has found fossil
leaves that suggest the vegetation was a woodland
dominated by angiosperms (flowering plants), mostly
small trees (the size of dogwoods) to medium ones (the
size of aspen). Wolfe and Upchurch have argued that
conditions became wetter farther to the north, supporting
a broad-leaved evergreen forest. This forest was denser,
and the canopy was probably closed in some areas.
Some vines had large leaves with drip tips—long, drawn-
out extensions from which water could drain. 

Arthur Sweet of the Geological Survey of Canada and
his colleagues have shown that, in contrast to the
flowering plants that dominated in the U.S., conifers and
other cone-bearing plants were the most common in
what is now western Canada. —D.A.K. and D.D.D.

TERTIARY FOREST initially had less biodiversity. The earlier fern and herbaceous
cover gave way to relatives of modern sycamore, walnut and palm trees.

CRETACEOUS FOREST was warm and wet, home to broad-leaved and palm
trees, tropical paddle-leaved and herbaceous plants, and ferns.
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“The Climatic Effects of Nuclear War,” by Richard P. Turco,
Owen B. Toon, Thomas P. Ackerman, James B. Pollack and
Carl Sagan; Scientific American, August 1984]. The dirt took
months to wash out, probably falling as blue rain similar to the
blue ash-rich rain seen after modern volcanic eruptions.

Using modern forest fires as a guide, we have estimated that
the conflagrations also released 10,000 billion tons of carbon
dioxide, 100 billion tons of carbon monoxide and 100 billion
tons of methane—an amount of carbon equivalent to 3,000
years of modern fossil-fuel burning. Therefore, the dark, win-
try conditions were followed by an interval of greenhouse
warming. The fires also produced debilitating gases such as py-

rotoxins, chlorine and bromine, the latter two of which helped
to destroy the ozone layer. All these effects dramatically com-
pounded the other environmental consequences of the impact,
such as nitric acid rain, sulfuric acid rain, and the vaporization
of carbon dioxide stored in rocks at the impact site. 

The Day After
THE FOSS IL RECORD contains a pattern of ecological dis-
turbance that matches what one would expect from the moth-
er of all wildfires. In the sediments deposited immediately af-
ter the impact is a classic biological signature of fire: an anom-
alously high concentration of fern spores, first seen by Robert
H. Tschudy and his colleagues at the U.S. Geological Survey.
Ferns (Cyathidites) were thus the first plant species to repopu-
late the denuded landscape—the same pioneering behavior they
exhibit when forests are scorched today. The ferns sometimes
occurred together with a wind-pollinated flowering plants, Ul-
moideipites. In some ecosystems without ferns, blooms of al-
gae dominated the postimpact environment.

In sediments deposited in what is now Colorado and Mon-
tana, Iain Gilmour and his colleagues at the Open University in
England have found chemical and isotopic fingerprints of meth-
ane-oxidizing bacteria—a sign that the loss of so much life may
have temporarily created anoxic, or oxygen-starved, conditions
in small freshwater ecosystems. Although the success of these
bacteria is not a signature of fire per se, it does indicate the per-
vasiveness and abruptness of death, which requires a mecha-
nism such as a global conflagration to explain.

One might ask how anything managed to survive the infer-
no at all. A crucial factor was the uneven distribution of fire.
Simulations indicate, and paleobotanists have confirmed, that
northernmost North America and Europe escaped the worst of
the devastation. In what is now the Northwest Territories,
Arthur Sweet of the Geological Survey of Canada found that
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DAVID A. KRING and DANIEL D. DURDA met while they were both
working at the University of Arizona. Kring was on the team that
attributed the Chicxulub crater to an impact and linked it to the
Cretaceous/Tertiary mass extinction. Durda was studying the col-
lisional and dynamical evolution of asteroids. Combining their ex-
pertise, they worked out the sequence of events that must have
unfolded after the impact. Kring is still at Arizona and has studied
the environmental effects of nearly two dozen impacts. His fa-
vorite haunt is the Barringer Meteorite Crater (a.k.a. Meteor
Crater) in Arizona, the world’s best preserved impact site. Durda
is now at the Southwest Research Institute in Boulder, Colo. He has
made astronomical observations from high-performance jet 
aircraft. An avid pilot, he has logged time in more than a dozen
types of aircraft, including the F/A-18 Hornet, and he is also a 
well-known astronomical artist. 
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MASS GRAVE left by the Chicxulub cataclysm has been preserved as a light-
colored layer of clay, which is about as thick as a Swiss Army knife (above).
One of the authors (Kring) points to this layer in a rock outcrop in the Raton
Basin of the southwestern U.S. (left). A detailed view of the layer (right)
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the abundance of gymnosperm pollen (from conifers and their
relatives) decreased dramatically but did not go to zero. Thus,
part of the forest canopy survived the wildfires even in cases
where fires consumed the undergrowth, which consisted most-
ly of angiosperms (flowering plants). In these and other com-
paratively safe regions, the heat was less intense, so swamps or
swamp margins afforded plants and animals some protection.

Based on studies of fossil plants, spores and pollen, Kirk R.
Johnson of the Denver Museum of Nature and Science and his
colleagues concluded that 51 percent of angiosperm species, 36
percent of gymnosperms, and 25 percent of ferns and fern al-
lies were extinguished in North America. The fossil pollen and
leaves suggest that deciduous trees survived better than evergreen
trees, perhaps because they could lie dormant. 

Trees that were wind-pollinated also seem to have survived
better, because they could prosper even if pollinating insects and
other animals were exterminated. Indeed, Conrad C. Laban-
deira of the Smithsonian Institution and his associates have ar-
gued that many insects disappeared or went extinct, based on a
dramatic drop in the frequency of insect-damaged leaves in the
fossil record of North Dakota, which escaped the direct brunt
of the impact. Researchers still do not know the detailed effects
on other animal species.

Sweet has shown that the initial “survival” ecosystem, dom-
inated by the most robust species, soon gave way to an “op-
portunistic” ecosystem, composed of a different type of fern
(Laevigatosporites) and several kinds of flowering plants that
were able to take advantage of the ecological clean slate. To-
gether these plants produced an herbaceous ground cover. In the
final stage of recovery, the forest canopy returned. Based on ob-
servations of modern forests, that regrowth took at least 100
years. Both Sweet and Upchurch have argued that the process
was, in fact, far slower—taking up to 10,000 years, judging from
the rate at which fossil plants occur in postimpact sediments.

Another measure of the recovery time is the response of the
global carbon cycle. The loss of forests, which contain more
than 80 percent of aboveground carbon (at least today), and
the emission of carbon dioxide from fires and vaporized lime-
stone at the impact site sharply increased the amount of carbon
in the atmosphere. In an isotopic analysis of sediments de-
posited after the impact, Nan C. Arens of the University of Cal-
ifornia at Berkeley and A. Hope Jahren of Johns Hopkins Uni-
versity concluded that it may have taken 130,000 years for the
carbon cycle to return to equilibrium in continental settings. In
the marine environment, Steven L. D’Hondt of the University
of Rhode Island and other investigators suggest that it took
three million years for the flux of organic material to the deep
sea to return to normal.

Silent Spring
THE WORLD AFTER the Chicxulub impact event looked,
smelled and even sounded different. We have all been magical-
ly transported to the Amazon and other forests by audio record-
ings of bird, insect and monkey sounds. If we had a recording
from the Cretaceous, we might hear dinosaurs moving through
the brush, their calls to one another and the buzz of some in-
sects. Mammals would have been relatively quiet, only rustling
among the leaves much as moles do today. But in the months
after the impact, the world was far quieter. Wind, flowing wa-
ter and falling rain dominated the soundscape. Gradually in-
sects, then mammals, could be heard again. Hundreds of years,
if not hundreds of thousands of years, were needed for ecosys-
tems to build new, robust architectures.

The firestorm created by the Chicxulub impact and the sub-
sequent pollution were devastating. But it was probably the
combination of so many environmental effects that proved to
be so deadly. They attacked different ecosystems in different
ways on different timescales, ranging from days for reentering
ejecta to months for dust in the stratosphere to years for sulfu-
ric acid aerosols.

Life’s diversity was its salvation. Although multitudes of spe-
cies and countless individual organisms were lost, some forms
of life survived and proliferated. The impact opened ecological
niches for mammalian evolution, which eventually led to the de-
velopment of our own species. In this sense, the Chicxulub crater
is the crucible of human evolution. 
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shows two sublayers. The lower one appears only in sites fairly near the
impact and consists of molten rock ejected from the crater. The upper
one contains debris that rocketed into space and settled back onto the
ground, as well as soot from fires (inset).
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