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Impact Theory:
Is the Past the Key to the Future?

Paul E. Olsen

Most geologists and biologists have never denied that there
was a role for the unusual event or catastrophe in shaping
the Earth’s biota. The impact theory, however, has a different

emphasis: it says not only that asteroid impacts could
occasionally have an important effect, but in fact that they
cause some of the most obvious patterns in life’s history.

by catastrophic mass extinctions caused by the impact of

The “impact theory” views the history of life as punctuated
large extraterrestrial bodies, such as comets or asteroids

(Fig. 1). The theory was originally developed to explain the

well-known catastrophic mass extinctions around the Cretaceous-
Tertiary boundary (65 MA) but it has now been extended to
explain other apparent mass extinctions through the Phanerozoic
(570 MA-present) as well. This is a seductive theory with pro-
found philosophical as well as geological implications; it rightly
stands as one of the more controversial theories of this century.

Cretaceous-Tertiary Boundary

It has long been recognized that a profound change in the
Earth’s biota occurred around the Cretaceous-Tertiary boundary.
It was the magnitude of this transition and the Permian-Triassic
(245 MA) boundary that prompted John Phillips’ division of the
Phanerozoic into Paleozoic (Old Life [570-245 MA]), Mesozoic
(Middle Life [245-65 MA]), and Cenozoic (New Life [65 MA-present])
in the mid-19th century (Fig. 2). According to recent estimates by
John Sepkoskie and Dale Russell 17% of all marine animal
families, 20% of all genera of terrestrial animals, and 14% of all
genera of lacustrine animals seem to have become extinct. The
17% extinction of marine families probably translates into perhaps
54% of the marine genera, and perhaps 85% of all marine
species. Included among these extinctions were all ammonites,
all belemnites, 55% of all genera of snails, 66% of all bivalve
genera (including all rudists), perhaps all but one species of
planktonic foraminifera, all non-flying dinosaurs (birds survived),
all large marine reptiles, and all pterosaurs. On face value, this
would certainly seem to be a catastrophic mass extinction.

The apparent synchronicity of the marine and terrestrial
extinctions and the disappearance of the dinosaurs, previously
dominated for 140 million years, has naturally prompted a wide
range of explanations from geologists and paleontologists. These
have included such gradualist explanations as slow global climatic
warming or cooling, competition or predation from mammals,
evolution of inedible plants, and lowering of sea level. Other
catastrophic explanations have also been proffered, such as
massive volcanism, a burst of radiation from a supernova or a
magnetic reversal, and of course asteroid or comet impacts.

The gradualist and catastrophist sets of hypotheses make
very different predictions about the distribution of extinctions
through time around the Cretaceous-Tertiary boundary which

Fig. 1: Large asteroids or comets have hit the earth repeatedly
through geological time. This is the Manicouagan structure
formed at or near the Triassic-Jurassic boundary (200 MA) by
the impact of an approximately 10-km bolide into Grenville base-
ment in Quebec. The inset shows the New York area at the
same scale. The dark ring is a 70-km lake filling the most
intensely fractured zone around the melted zone. The diameter
of the structure is extended to 100 km by several additional
fainter rings. At least 1 km of rock has been eroded since the
time of impact. (Planetary Image Center, LPI [NASA]).

should be testable in the fossil record. Unfortunately, the paleon-
tological data available from most of the literature is compiled at
level of the age (about 5-million-year intervals). Therefore, the
extinctions listed above could actually have taken place any-
where in the 8-my duration of the terminal age of the Cretaceous
— the Maastrictian (Fig. 3). If the extinctions were in fact spread
through the entire duration of the Maastrictian Age, the total
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Fig. 2: Eras, periods, and epochs. Abbreviations in Tertiary as
follows: QT, Quaternary Period; Q, Pliocene, Pleistocene, and
Holocene epochs; P, Paleocene Epoch; E, Eocene Epoch;

O, Oligocene Epoch; M, Miocene Epoch. Other abbreviations
are: E, early; M, Middle; L, Late. Boundary dates modified from
the Decade of North American Geology Time Scale.
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extinction event would certainly not qualify as catastrophic and
probably not even as a mass extinction. As examined traditionally,
the paleontological data have not provided clear-cut tests of any
extinction model.

Physical evidence for some kind of catastrophic event was
until quite recently similarly ambiguous. However, in 1980 Luis
Alvarez, his son Walter Alvarez, Frank Asaro, and Helen Michel
published evidence for an asteroid or comet impact at the
Cretaceous-Tertiary boundary in exposed marine carbonate
sequences at Gubbio Gorge in ltaly, and Stevens Klint in
Denmark. At exactly the interval that had been previously identified
as the Cretaceous-Tertiary boundary by paleontologists, they
found at a thin layer of clay which proved to contain levels of the
platinum group element iridium 30 to 160 times the concentration
in surrounding beds (Fig. 4). Because iridium is depleted in the
Earth’s crust, but relatively enriched in extraterrestrial material,
the Alvarez group postulated an asteroid or comet origin for the
iridium enrichment of the boundary clay. Over the last 5 years
many researchers have found similar iridium anomalies at the
Cretaceous-Tertiary boundary in many other localities, including
deep-sea cores and continental deposits. The initial objections
that the boundary anomaly could be explained as a purely
diagenetic feature or that there might be iridium anomalies in
other parts of the sections, have proved more or less unfounded.

More recently, spherules of what are interpreted as devitrified
glass and/or feldspathic and mafic silicates have been identified
in the boundary clay at a number of localities. These closely
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Fig. 4: Iridium abundances through Cretaceous-Tertiary bound-
ary in pelagic limestones exposed in and near Gubbio, Italy.
Abundances are per unit weight of acid-insoluble residues.
Shaded area shows an “eyeball fit” (by the Alvarez group)
exponential with a half life of 0.43 cm. (Figure adapted from
Alvarez, Alvarez, Asaro, and Mitchel, 1982).

resemble glassy microtectites, long thought to be produced by
the impact of meteors. These boundary spherules have a greater
concentration of iridium than the surrounding matrix and may
have been the major carrier of the element. In addition, shock-
metamorphosed quartz occurs in the iridium anomaly layer in a
number of terrestrial sequences in western North America.
Shock-metamorphosed mineral grains are usually thought to be
uniquely produced by extraterrestrial impacts. Recently, however,
it has been suggested that both the boundary clay spherules
and the shocked mineral grains could have been produced by
volcanic eruptions.
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