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Anthropogenic increase in CO,

10008

2100 — business as usual
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Paleogeography

56 million years ago
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The Eocene climate enigma
Warm poles

Dawn Redwood forest
Axel Helberg Island, Canada
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The Eocene climate enigma

~»

Warm winters

palm leaf, Wyoming, USA '- R ‘ Field Museum







Estimated Global Mean Temperature
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Dissolution of deep ocean chalk

http://www-odp.tamu.edu/publications/208_IR/208ir.htm

Zachos et al (2005)



Paleocene-Eocene Thermal Maximum
(PETM)

Global warming of 4to 8 ° C

Extensive marine carbonate dissolution
Carbon isotope ratio shift of -4%o to -5%o
Total duration >100 ky

CONCLUSION

Release of 4,000-7,000 Pg of carbon in a few
millennia or less



Potential carbon sources

Baffin Bay

herogenic Methane



P-E boundary records

2 Section/core, terrestrial data

O Section/core, marine data

B D P PIT T Y o ettt

Paleogeography by C.R. Scotese, PALEOMAP Project



-
The Bighorn Basin
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Bighorn Basin Plant Fossil Sites
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Floral Change during the PETM

Possible extinctions
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Possible Extinctions

Davidia antiqua Browniea serrata
Dogwood family Dogwood order
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PETM plant geographic change
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Floristic Change in Wyoming

1. PETM onset - local/regional EXTIRPATION of
temperate deciduous plants (dawn redwood,
birch, sycamore, katsura), and immigration of
bean family and other dry tropical plants

2. PETM recovery - local/regional EXTIRPATION of
bean family et al., return of “natives”, and
intercontinental immigration of temperate
plants

3. Minor EXTINCTION (~10%)
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PETM — abundant insect damage

© Ira Block




PETM faunal interchange




Horse body size
decrease during PETM
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Four lessons from the PETM



1. A big release of carbon warmed global
climate and dissolved deep marine chalk




2. There was probably positive feedback —
carbon release increased temperature,
releasing more carbon

Intermittent rainfall ‘ Ocean warms

Geoloil Release of CO2 and/or methane



3. Rapid global warming changed where plants
& animals lived, how they interacted, and
drove rapid evolution




4. The effects lasted about 200,000 years
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Taking the Long View



Billions of tons of carbon

Carbon uptake is very slow

Ocean invasion
Land uptake

Ocean invasion
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Temperature stays high
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Assumptions:
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Carbon emissions ~7 Gt/yr
Emissions increase at ~2%/yr
We burn it all - ~5,000 Gt
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Sea level +7.5m (~25ft) — 5000 CE?

(whoops! Greenland Ice Cap melted
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Ginkgo biloba
a “living fossil”

Ginkgo adiantoides
57 million years old
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Stomatal Index vs. pCO, in Ginkgo biloba
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Ginkgo adiantoides
56.1 million year old “mummified” leaf
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