The Five Events that

Almost Ended Life on
Earth Forever

THERE HAVE BEEN AT LEAST FIVE MAJOR EXTINCTION EVENTS IN EARTH'S HISTORY. ALL HAVE
BEEN RELATED IN ONE WAY OR ANOTHER TO CLIMATE.



A qguick
primer on
geologic
history:

Ph: Phaneozoic Eon
CE: Cenozoic Era


















The First of the
Big Five :
The End-

Ordovician
Extinction

44 MYA

86% OF SPECIES
EXTINCT.



» The climate was initially very
warm (ocean temperature
42°C [108°F]; it slowly cooled,
until it was reasonable by the
middle Ordovician.
Temperature then rapidly
declined, leading to intense
glaciation and sea-level fall.

» In the beginning, oxygen
levels were around 17%*, and
CO, about 15X today'’s value.

» Ended around 444MYA with a
mass extinction that killed 85%

The Ord OV|C|an PerIOd of living species (the second

most severe of all extinction

489-444MYA events)

*Equivalent to about 5,000 feet above sea
level today
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The
Ordovician
Period

Orthoceras

The early Ordovician climate was warm and
wet. Shallow seas covered most of the
continents.

During this period invertebrates diversified

» Coral reefs appeared (though the corals were tabulate
corals, not the modern scleractinian corals)

» Mollusks became apex predators of the oceans,

including the cephalopods (hautiloids), clams and snalils.

The first land plants appeared.

Arthropods became the first animals to invade
the new habitat: land.

The first vertebrates (early fish) appeared.
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H2:
T h e Late 374 MILLION YEARS
AGO
75% OF SPECIES

Devo nlan EXTINCT.
Extinction:















H#3
The Granddaddy
of Them All: neo
The End-Permian
Extinction






























H4
The End-
Triassic
Extinction

201 MILLION YEARS
AGO

80% OF SPECIES
EXTINCT

PAS
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HS
The End-
Cretaceous
Extinction

66 MILLION YEARS
AGO

/6% OF SPECIES
DIE.

THE END OF THE
DINOSAURS*

(ALSO CALLED THE “K-T"
[CRETACEOUS-TERTIARY]
OR “K-PG”
[CRETACEOUS-
PALEOGENE]
EXTINCTION)

*Non-avian dinosaurs, that is.

38






The Chicxulub Impact Theory

The impact theory gained further momentum in the 1990s, when scientists discovered a 110-
mile (180-kilometer) wide impact crater in the Yucatan Peninsula that dated to the KT (K-Pg)
boundary



Recent
findings




But, could an asteroid strike really lead .
to a world-wide extinction including
marine organisms?



Recent findings

» February 2013: Scientists arrived at
extremely accurate dating of the
Chixculub event.*

» They dated the event to 66.038+0.049
MYA, and the K-Pg boundary to
66.043£0.043 MYA

» Thus the impact was within 33,000
years of the boundary, making them
essentially indistinguishable.

» But was the impact the cause of
nonavian dinosaur extinction?



Dinosaur woes preceded
Chixculub



Deccan Traps
and Volcanism*

The Deccan Traps are a large igneous province
located on the Deccan Plateau of west-central India
and one of the largest volcanic features on Earth.
They consist of multiple layers of solidified flood
basalt that together are more than 2,000 m

(6,562 ft) thick, cover an area of 500,000 km?
(193,051 sg mi) and have a volume of 512,000 km3
(123,000 cu mi).

The Deccan Traps began forming 66.25 million years ago, at the end of the Cretaceous
period. The bulk of the volcanic eruption occurred some 66 million years ago. This series
of eruptions may have lasted less than 30,000 years in total. The original area covered by

the lava flows is estimated to have been as large as 1.5 million km?, approximately half the
size of modern India.



Volcanism and climate



The End of the Nonavian Dinosaurs .






HB?7?
The End-
Pleistocene
"Extinction”

ICE AGES AND THE
ANTHROPOCENE
ERA
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The World after the
Dinosaurs












The
Cenozoic:
The Age of
Mammals















Eccentricity (ca 100,000-year
cycle) influences overall
insolation.

Precession (26,000-year cycle)
and Tilt (41,000-year cycle)
both influence the extremes of
summer and winter in the
northern and southern
hemispheres.
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Earth’s orbit is not circular; instead, it is
elliptical, or “eccentric”. Gravitational effects of
Jupiter and Saturn periodically alter the orbital
eccentricity. When the orbit is most elliptical,
solar radiation varies by 23% from aphelion to
perihelion.

Due to eccentricity seasons vary in length. The
more eccentricity the more discrepancy in
seasonal duration.

Currently the Earth’s orbit is near its most
circular, and Northern Hemisphere summers are
about 2.5 days longer than winters.
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Obliquity is the tilt of the Earth’s axis relative to its

orbital plane.

e The greater the obliquity the greater the
difference in temperature between summer and
winter.

* Obliquity varies between 22.1° and 24.5°, and is
currently at 23.4°,.

Precession is the “wobble” in the axis (relative to

the fixed stars), much like a spinning top.

* Precession makes seasons more extreme in one
hemisphere and less so in the other.

* Currently perihelion occurs during the Northern
Hemisphere winter, moderating the extremes in
the Northern Hemisphere and making Southern
Hemisphere summers hotter.
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