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The end-Permian Mass Extinction: ~252 million years ago
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Siberian Traps: a Large Igneous Province
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In the sea...before

Permian diorama at the University of Michigan's Museum of Natural History



In the sea...after




On land...before

Credit: Davide Bonadonna




On land...after
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Ushered in the Modern world
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A runaway greenhouse?
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Changes in the Carbon cycle







Rapid global warming: CO, + CH,
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Ocean Acidification?
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Ocean Acidification: the basics and why it’s bad

- G . CO, (g) = CO, (aq)
o - CO, + H,0 = H* + HCO,’

HCO, = H* + CO,2



Carbon in the oceans
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Bad news.....

Direct effects:
v" Shell dissolution

v Hypercapnia and mortality

v Chronic metabolic suppression
v’ Sense disruption

v Reproductive disruption

Plus synergistic pressures:

v High temperature
v Ecosystem collapse
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A more direct proxy for pH — Boron isotopes
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Ocean Acidification?
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Ocean Acidification!
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A runaway greenhouse

SIBERIAN TRAPS ERUPTIONS

» Negative 6"*C

axcursion
' A
S0, emissions Cl, F, NOx emissions CO, emissions ;
Increased . s
Sramic Dissociation of
. gas hydrates
h 4 A ik A o7 L.
et Y Time-lapse |rn;;el ;f rn;thane hydrate mound. - | Ima!e.b' ek
darkness, Y __ Y || Increased [€
cooling and Acid rain | 3! continental Global warming j¢—— Ev‘ NG
photosynthetic weathering R 4 f,
shutdown i ’f\\

v $ Yy Vv | &
Ozone depletion, :
increased UV-B [ i

TERRESTRIAL MASS EXTINCTION MARINE MASS EXTINCTION

Bond and Wignall, 2014



Model outputs
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Future analogue or “Doom-mongering”?
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Future analogue or “Doom-mongering”?

Global mean temperature near—term projections relative to 1986-2005
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