The end-Permian mass extinction
A critical moment in Earth history
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“Mother of Mass Extinctions”

/0% of all genera and 95% of
all species disappeared
(marine and terrestrial)






Sudden and catastrophic! .,
G

 Massive extinction at
251.4 Ma followed by
gradual demise of
some Survivors

e Duration of extinction :
Interval estimated at
500 k.y.




Who got hit?

e Marine realm

— all trilobites : all corals ; all fusulinids : all
plastoids ; most crinoids ; most
orachiopods ; all stenolaemate
Oryozoans

— reefs
e Terrestrial realm

— 70% of vertebrates
— 30% drop In diversity of insects




The Weird World of the
Late Permian



Pangaea




Weird World
Some uncontested facts:

e Marine anoxia began in Late Permian,
extended through Early Triassic

e Negative shift in d3C values at extinction
level (continental and marine sections)

« Age of massive Siberian flood basalts is
same as extinction

« Climatic warming and drying near extinction
level



Geochemical and sedimentologic
evidence for P-T superanoxia

* Corganic€nrichment

* High degree of pyritization of Fe

o Small, uniform pyrite framboids (< 6.0 pm)
e Th/U <3

e Preservation of fine laminations

« Dysaerobic trace fossils

e Dysaerobic benthos




Deep-sea
anoxic interval
(Japan)



d13C
Isotopic shift
(Italian Alps)



Siberian
Flood
Basalts

Reichow et al.
Science 2002



Siberian Flood Basalts

e 45 |dentified lava
flows

e 400m to 3,700m thick

 Volume of 1.5t0 3 x
106 km?3

« Duration of eruptions
was only ~600 k.y.



Evidence for P-T
climate change

e Change from meandering to braided
river systems in South Africa and Urals

— Reduction in bank-stablilizing vegetation
« \Widespread charcoal horizons, desert

sedimentation, warm indicators in
paleosols (China, Australia, Antarctica)

* Abrupt change from Glossopteris- to
Dicroidium-dominated floras (Australia)



Cause(s)— Part 1:
Blame the volcanism



Effects of volcanism

e |nitial effects :

— Global cooling by emission of sulfates and
dust particles

— Acid rain, wildfires, poisonous trace
elements

— Increase In ultraviolet radiation from
depletion of the ozone layer

» Long-term effect :
— Global warming from emission of CO,




Secondary effects of global
warming

* Breakdown of thermohaline circulation
— Sluggish oceans  marine anoxia

* Release of gas hydrates from permafrost
and seafloor
— Methane poisoning
— Further release of CO, and consumption of O,
— Accounts for negative shift in d13C



Thermohaline circulation



Methane hydrates on the seafloor

Today’s worldwide equivalent = 138 trillion barrels of crude ol




Cause(s)— Part 1:
Blame the volcanism

Siberian ~— Long-term effects
Flood Basalts (global warming)

—
(nuclear winter) \
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Cause(s)— Part 2:
Blame a bolide



2001

Controversial report

P-Tr boundary
fullerenes containing
trapped helium and
argon atoms with
Isotopic ratios similar to
those of carbonaceous
chondrites




Bucky and Buckyballs

F. Buckminster Fuller

fullerene
molecule in space



2001

Other evidence

 P-Tr boundary section in South China
with Fe-Si-Ni grains and d3*S values
consistent with vaporization of mantle
materials

— Massive release of mantle-derived,
Isotopically light sulfur

— Fe-SI-Ni grains require melting
temperature of ~2900<C , much hotter than
volcanically derived spherules




extinction level Kaiho et al. 2001



Bolide hypothesis

Estimated size of bolide:

— 30-60 km diameter (if asteroid)

— 15-30 km diameter (if comet)

Crash site in ocean —no known crater

Bolide imported fullerenes with
extraterrestrial isotopic fingerprints

Impact penetrated mantle; kinetic energy
vaporized elemental sulfur _ and produced
Fe-Si-Ni grains




Cause(s)— Part 2:
Blame a bolide



Aftermath

e Early Triassic “Microbial World ”

e 5-10 Million year recovery phase
— No reefs known until Middle Triassic time

— Reappearance of “Lazarus taxa” (back from the
dead)

e Permanent change in marine communities

— Triassic and younger communities are dominated
by infaunal forms and mobile scavengers and
predators










