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Figure 1: The sequence of climatic, volcanic, impact and marine foraminifera
levels around the K-T boundary. Note the early onset of environmentally
stressed conditions at about 65.5 Myr (Keller 2001).
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Introduction

Many theories have been proposed over the last 50 years to try to explain the
events at the end of the Cretaceous period of geological history at 65 million
years ago. Explanations have run the gamut from: too stupid, too constipated,
too undersexed, slaughtered by plagues, poisoned by plants or out competed for
food by the mammals to the currently more popular: shuffled off by shifting
continents, wiped out by a meteor or gassed out by volcanic carbon dioxide
(Gould 2001, p163). Indeed the proposals for the causes of the demise of the
dinosaurs may even be claimed to follow a fashion of sorts. During the Cold
War, with immanent nuclear destruction waiting, the asteroid impact scenario
gained strong support. But now, with the political popularity of the theory of
man made global warming, the death by volcanism theory, the present path of
least psychological resistance, begins to ascend to respectability.

How is one to untangle these threads of fantasy and fashion from the facts
as they are known today? Any theory purporting to deduce the causes for the
Cretaceous-Tertiary (K-T) extinction of the dinosaurs must also have testable
explanations of all types of available data (Fig 1). These should explain why
other groups of life as well went extinct and, more importantly, why still more
groups survived and thrived. This report will first look at the different species
of this age and their variability before, during and after the K-T boundary.
Then the four presently prominent extinction theories will be studied. These
will first be grouped into terrestrial versus extraterrestrial theories then sub
grouped into gradualist versus catastrophic explanations. With this knowledge
in place a discussion can then be made as to the currently considered most
probable reasons for the extinction of the dinosaurs.
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Figure 2: Therapsid and Archosaur diversity over the Palaeozoic. The bubble
sizes, shapes and positions are uncertain (source: unknown).

Dinosaur extinction

The end Cretaceous mass extinction event at 65 million years ago (Myr) is
one of the ”Big 5” extinctions defined as ”short intervals in which 75 to 95
percent of existing species were eliminated” (Raup 1994). The other four major
extinction events were: the Late Ordovician event (438 Myr); the late Devonian
event (367 Myr); the late Permian event (245 Myr) and the Triassic-Jurassic
boundary event (208 Ma). However, there is controversy as to the exact timing,
duration and extent of species destruction of these mass extinctions.

As an example of these problems, even today’s proposed ”6th extinction” is
hotly debated. Estimates or guesses for the amount of species alive today range
from 3 million to 100 million with only about 1.6 million species described
already. Of these, documented past extinctions since 1600AD amount to only
1033 (Lomborg 2002 p252 and refs. therein). Estimates of a manmade future
extinction range wildly as well. On the one hand: 50 percent of species extinct
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by 2000 (Paul Erlich, 1970) and 24 percent of plants and animals extinct by
2050 (Chris Thomas, Leeds University 2004). On the other hand, a figure
of 0.008 percent species extinctions per decade (Heyward and Stuart 1992) is
based on ICUN data. This shows the extreme disparity of estimates on which
the supposed current extinction is based. How far any of these numbers are
above or below the normal background extinction rate can also only be guessed
at. These figures should give pause for reflection by scientists when lecturing of
”today’s 6th Extinction” to be aware of when they are leaving science fact and
venturing into political fiction. This problem illustrates nicely the even greater
difficulties encountered when estimating the diversity of dinosaurs and other life
all the way back to 65 million years ago.

All the dinosaur groups died out by the end of the Cretaceous, except some
of the theropod evolved birds (Fig.2). The extinct dinosaurs groups were the
carnivorous theropods, sauropods, anklyosaurs, stegosaurs, ceratopsians, pachy-
cephalosaurs and the ornithicians. Other land animal groups that died out at
the K-T boundary were the pterosaurs as well as some families of birds and
marsupial mammals. This was virtually every living land animal larger than
about 25 kilograms. In the sea, extinct groups included mosasaurs, plesiosaurs,
and some families of teleost fishes, ammonites, belemnites as well as half of the
sea plankton groups. On the other hand, the survivors include most land plants
and land animals such as: insects, snails, frogs, salamanders, turtles, lizards,
snakes, crocodiles and placental mammals. Most marine invertebrates also sur-
vived such as: starfish, sea urchins, molluscs, arthropods together with most
fish. It is these survivors that must not be forgotten in explanations of the K-T
extinction.

However, there are problems with the above list of extinct dinosaur groups.
Primarily the fossil record is woefully incomplete. It is estimated that only from
less than one to a few percent of all species are fossilised. Of the 336 named
dinosaur species 50% are known from single specimens and 80% of all specimens
are incomplete (Raup 1994). Add to this that 78% have been found in only one
country, and the vast majority of those only in Montana at that, then it seems
that claims of ”all dinosaurs died out at the K-T boundary” may ring somewhat
hollow. The incomplete fossil record leads to difficulties in determining which
were the major dinosaur groups and when and by how much they declined near
the K-T boundary. These problems can be seen in the following theories that
seek to explain dinosaur extinction.
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Figure 3: (top) Positions of the continents just before the K-T boundary showing
inland seas and continental shelfs. (bottom) Marine extinction zones of the K-
T boundary. Note that there was no mass extintion at higher latitudes (Keller
2001).
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Terrestrial theories

Gradual Environmental Change - Continental drift

The plate tectonics theory for the cause of the K-T extinction hinges on the fact
that sudden drops in the temperature of the atmosphere, a major cooling shock,
and also of sea levels has been observed towards the end of the Cretaceous. This
evidence comes from rocks and fossils such as angiosperm leaves. In the seas,
only tropical faunas were decimated but high latitude tropical faunas were left
untouched. This continental drift theory of dinosaur decimation proceeds as
follows.

The Cretaceous period, of about 80 Myr long (144 Myr to 65 Myr) is longer
than the whole of the succeeding Cenozoic era and the longest period of entire
Phanerozoic eon. During the Cretaceous the two broken pieces of the super
continent Pangea, Laurasia in the north and Gondwandland in the south, com-
pleted their disassociation into 12 or more separate landmasses. Europe, Africa
and the two Americas drifted apart. India and Madagascar moved away from
the east coast of Africa. Antarctica and Australia still locked together drifted
eastward and started to lose contact with South America.

This break up completed the dissolution of the original all encompassing
Tethys Ocean. In place, new seaways were created: the North and South At-
lantic, the Caribbean and the Indian Ocean. The new continents created large
shelfs and inland seas. The previously dry interiors were cut by these huge seas,
which split the continents of North America, Europe and Africa. Then, in the
late Cretaceous, Australia split from Antarctica (Fig. 3 top).

When Australia split from Antarctica the circumpolar Southern Ocean was
born. Deep cold currents were then funnelled up into the equator’s warmer
Tethyan seas and budding oceans. The polar currents cooled the tropical seas
which resulted in major sea level drops. These warmer seas were also supersat-
urated with calcium carbonate on which marine were based faunas. The cold
currents dissolve calcium carbonate and kill any creature that depends on it
(Fig 3 bottom). These cooler seas would then affect atmospheric temperatures
and hence cooler temperatures leading also to greater extremes of climate in
continental interiors.

This observed major drop in sea level, marine regression, increased world
land area by about the size of today’s Africa. Coastal plains were reduced,
rivers contracted and so previously separated land areas connected leading to
marked changes in habitats. This marine regression result of plate tectonic
shifts explains not only troublesome features of the K-T extinction event such
as the decimation of shallow water sharks, large dinosaurs and marsupials but
also the relative successes of turtles, salamanders, frogs and crocodiles.
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Figure 4: (top) Location of the Deccan Traps on India’s west coast which reach
a maximum thickness of 2500m along the Western Ghats region (Hoffmann
2000); (bottom) Paleoenvironmental map of the Indian subcontinent showing
the location of the Reunion Hotspot the creator of the Deccan Traps. Biotic
effects decreased westward away from the pre-Indian landmass (Keller 2003)
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Sudden Environmental Collapse - Volcanism

The volcanic theory for the extinction of the dinosaurs occurs over a shorter
period of about 1 Myr. This theory stems from our knowledge of flood basalts.
There are about 16 of these enormous volcanic constructs scattered around the
world on continental as well as oceanic lithosphere (submarine oceanic plateaus)
occurring at 20 to 30 million year intervals over the last 300 million years . These
flood basalts or traps generally cover about 1 million square kilometres of the
Earth’s surface and were originally about 2 million cubic kilometres in volume
(consisting of hundreds of flows each of about 100 cubic kilometres). The traps
appear to be connected to episodes of major continental break up and oceanic
basin formation. They appear to reflect the past locations where deep mantle
plumes (hot spots) first erupted and hence have been implicated in the timing
of mass extinctions due to their release of vast volumes of gases and aerosols
over short geological time intervals (Courtillot and Renne 2003).

The Deccan Traps on the west coast of India are dated at just before the K-T
event. These traps reach today a maximum thickness at the Western Ghats of
2500 meters (Fig. 4 top). They have been estimated to have reached their peak
of activity at 65.5 Myr and had a 1 Myr duration (Hoffmann et al. 2000). These
volcanic eruptions can produce ash and vast amounts of aerosols in the form
of sulphuric acid droplets, which stay suspended longer than ash and produce
long-lasting effects on climate. Eruptions can sometimes blow material into the
stratosphere to be carried over great areas. The possible results of the Deccan
Traps eruptions include acid rain, ozone depletion, a greenhouse effect and/or a
cooling effect. The earth’s mantle is also relatively rich in iridium and so could
produce the iridium layer found in the Deccan traps.

Studies have been made as to the effects on the biosphere of the Deccan trap
effusions. These studies concerned one-celled organisms, called foraminifera,
which pervade the oceans and evolved rapidly through geologic periods. Foraminifera
lived in the upper water column surrounding the late Cretaceous Indian land-
mass and were highly sensitive to environmental changes. Samples were taken
in a large region around the effusion zone (Europe, Madagascar and the mid
Indian Ocean: Site 216) (Fig. 4 bottom). It was seen that a particular type of
foraminifera Guembelitria cretacea, a very sensitive disaster opportunist that
thrives in stressed environmental conditions, was blooming when other more
specialised foraminifera were being decimated. This blooming occurred before
the KT boundary at 65.5 Myr then just before this boundary the low oxygen
loving type of foraminifera took over (Keller 2003).
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Figure 5: Site of the Chicxulub impact crater showing also surrounding sites
excavated for microtektites (Keller et al. 2002).

Extraterrestrial theories

Sudden Impact - Meteorite from a comet or asteroid

The meteorite impact theory for the mass extinction, which included the di-
nosaurs, has from 1980 until recently had the backing of most of the scientific
community with extensive support from the press and the public: a consensus so
to speak. However, science, unlike politics, is based on and progresses through
individuals discovering inconvenient facts that challenge the majority view, not
by a general agreement. This was the case when Walter Alvarez discovered an
Iridium rich clay layer in rocks in Gubbio in Italy right at the edge of the KT
boundary. Iridium is rare on the Earth’s surface but is often found in meteorites.
Hence, Alvarez and colleagues proposed the catastrophic asteroid impact model
for the extermination of the dinosaurs as an explanation for these findings. This
iridium spike has now been found in at least 100 K-T boundary sections around
the world (Alvarez et al. 1980).

Other evidence supporting this violent asteroid impact theory is that of
shocked quartz, tektites and tsunamis. Shocked quartz often forms when quartz
crystals undergo a sudden pulse of great pressure. Glass spericules (microtek-
tites) and larger tektites are also formed as the target rock of a meteorite is
melted in the impact, blasted into the air as a spray of droplets, and almost
immediately frozen. Over geological time, the glass spherules may decay to clay.
All over North America, the K-T boundary clay contains glass spherules. Just
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above the clay is a thinner layer that contains iridium along with fragments
of shocked quartz. Drastically disturbed K-T boundary deep water sediments
around the Caribbean and up along the Atlantic coast have also been found.
Some localities contain fossils of fresh leaves and wood mixed together with a
cocktail of clay, glass sphericules, tektites, shocked quartz and an iridium spike.
All this implies great tsunamis that washed the results of a great impact back
out to sea.

Where was this impact site? A candidate is a roughly egg-shaped geological
structure about 180 km across called Chicxulub, which is deeply buried under
the sediments of the Yucatan peninsula of Mexico (Fig. 5). The original mete-
orite, about 10 kilometres in diameter, hit in a shallow sea at a low angle, about
20◦-30◦, splattering more debris to the northwest across the North American
continent. However, a recent paper ( Keller et al. 2004) provides evidence that
the Chicxulub crates predate the K-T boundary by 300,000 years. There then
may have been another second impact right at the K-T boundary that really
drove the dinosaurs to extinction. A suggestion is that the Shiva crater in India
is the real K-T killer.

The effects of a large meteorite impact on the end Cretaceous dinosaur world
would be catastrophic. A large dust cloud would turn day into night month after
month. This would suppress photosynthesis on both land and sea. The largest
animals, the dinosaurs at that time (both herbivorous and their predators),
would succumb first. Re-entry of material blasted into low Earth orbit would
rain down as tektites, a source of radiant heat energy up to a year after the
impact, causing continental wildfires. Temperatures would fall to freezing point
in the heart of continents. Nitric acid rain produced from the atmosphere in
the impact zone would kill faunas in the upper ocean biotic zones. All this
evidence and their effects lend strong support to the asteroid/comet origin of
the extinction of the dinosaurs.
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Figure 6: (top) The four spiral arms of our Galaxy with the path of our Sun
marked by the dotted circle. (bottom) The match between (thick dark lines)
Veizer fossil-climate data and the motion of the Solar System through the plane
of the Galaxy (Svensmark 2006).
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Cyclic Galactic influences - Spiral arms and a bobbing Sun

The periodic astronomical origins theory for the extinction of the dinosaurs has
been gaining momentum for almost a century. It started with the Milankovitch
cycles then developed into the Raup-Sepkoski periodic mass extinctions suc-
ceeded by the Shaviv-Veizer spiral arm passages turning most recently to the
Svensmark galactic plane crossing caused extinctions. With continued com-
pelling research supporting the Sun’s dominance in recent climate change, now
being published almost weekly, then maybe this cosmological theory for the K-T
boundary extinctions is about to enter its season of popularity.

Milan Milankovitch in the 1920s popularised the theory that variations in the
Earth’s orbit causes glacial-interglacial cycles, which has gained broad general
support since the 1970s. There are 3 important orbital parameters that vary.
The eccentricity of Earth’s orbit varies between 1 and 5 percent periodically
over 100,000 years leading to about 0.2 percent change in the suns radiation.
The tilt of the Earth’s axis changes by about 3 degrees over about 41,000 years
leading to a change in radiation in high latitudes of about 15 percent. Precession
of the equinoxes has a periodicity of about 22,000 years and their timing with
the northern and southern seasons effects the amount of radiation reaching the
Earth’s surface as well. All together, the composite effects produce periodic total
differences in the amount of radiation incidenting the Earth that is thought
to drive the ice ages over the last 800,000 years, where the timing of these
ice advances is well known. It was thought that given better geological data
these cycles could be extended back to the age of the dinosaurs and beyond
(Svensmark and Calder 2007).

In 1983, Raup and Sepkoski conducted a time series analysis of the 12 major
extinction events over the last 250 million years. The extinctions were based
on the current data of fossils from families of marine vertebrates, invertebrates
and proteans. Their results revealed a statistically significant periodicity of 26
Myr between events, lining up generally with the available extinction estimates.
One of these matches coincided with the K-T boundary extinction. They sug-
gested an extraterrestrial influence for this periodicity from solar, solar system
or galactic causes. Indeed, they specifically noted that passage through our
galaxy’s spiral arms could be a cause. However unsuccessful searches for a
tenth planet X or Nemesis twin Sun periodically perturbing comets toward the
Earth (as well as the inexact lining up of all the events) were seen as fatal for
Raup and Sepkoski’s theory. Their preferred option of spiral arm influence had
to wait for better geological, fossil and astronomical data (Raup and Sepkoski
1983).

In 2002, the Israeli astrophysicist Nir Shaviv proposed a connection between
the passage through the Galaxy’s spiral arms and the four hothouse-icehouse
episodes of the last 500 million years. Spiral arms produce up to 10 times more
cosmic rays than the quite spaces between. When Earth passes through these
arms (Fig. 6 top), small iron meteorites record these changes in flux. Shaviv
showed that the 4 spiral arms and the 4 icehouse periods matched with a period
of about 145 +/-10 million years (Shaviv 2002). Increases in cosmic ray inten-
sity seeds more low cloud formation which reflects sunlight and thereby cools
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the Earth (Svensmark et al. 2007). The Canadian geologist Jan Veizer in 2000
independently confirmed Shaviv’s findings with temperature records from fossil
shells for the past 550 Myr. His temperatures had a periodicity about 135 Myr
contrary to derived carbon dioxide levels but in agreement with cosmic ray inten-
sities (Shaviv and Veizer 2003). Finally, the Dane Henrik Svensmark analysed
the bobbing motion of our sun up and down through the cosmic ray confined
plane of our Galaxy with Veizer’s fossil record (Fig. 6 bottom). He realised that
it showed even more detail than used by Shaviv and found a midplane crossing
interval of 34 million years with corresponding changes in flux of 30 percent and
up to 10 degree temperature variations (Svensmark 2006). Compounding all
the above evidence it seems there is probable cause for galactic influences in the
dramatic shifts from hothouse to icehouse that were underway before and over
the K-T boundary that led to the end Cretaceous mass extinction.

Discussion

What then is the cause of the extinction of the dinosaurs? Currently the dom-
inant theory seems to depend, apart from the nagging suspicion of fashion, on
which group of scientists one asks. Generally speaking, the palaeontologists
favour terrestrial explanations, the astronomers and physicists favour the ex-
traterrestrial with the geologists more or less evenly split between the two.

Each theory suffers considerable difficulties if promoted as a primary mass ex-
tinction mechanism producing the effects of the K-T extinction. The continental
drift scenario’s global cooling triggered a major increase of evolutionary diversity
in non-tropical marine environments and the sealevel regression accompanies no
evidence of major or mass marine extinctions. Volcanism cannot explain the
layer of glass sphericules found in Central America at the K-T boundary. The
meteorite impact hypothesis has problems explaining why other and even bigger
impact sites, such as Manicouagan in Quebec (70km diameter) and Popigai in
Siberia (100km diameter), show no iridium spikes or corresponding extinctions.
The cosmological theory still is hindered in lacking the precise timing of the 34
million year cycles that would lead to regular and dramatic cooling-warming-
cooling episodes. Talk of combining these theories is more common these days
but proving an ordered sequence of extinctions still leads to problems.

In conclusion I should say, that being an astrophysicist I personally lean
toward the Svensmark galactic explanations for the demise of the dinosaurs.
However I also note that any theory that touches on environmentalism is today
steeped in political, emotional and even religious public fervour. Any sort of
climate change issues and consequences, even the dinosaur exinction theories,
need to wait for more reason filled times and much more hard evidence before
real scientific conclusions can be reached.
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