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ABERRATION: a definition

A departure from what is normal, usual,
or expected.....typically one that is
unwelcome

An irregularity, rarity, anomaly, deviation




What is background climate?
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Is anthropogenic warming an

aberration?

PAGES2k
Mann et al. 2008
HadCRUT4 instrumental data

0.5°C over ~100 years
VS.
0.2°C over ~1000 years
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Zooming out...

2,000 years

Marcott et al., 2013
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Holocene Climate

10,000 years

Years (Bp) Marcott et al., 2013
B 10000 8000 6000 4000 2000 0
o 8 ' ' l A 4 ' l s 1 A l a4 s 4 l 1 A 1 l A 0 a4 l -
G —
L
> 0.4+ -
m —_
m -
Eo
co 07 i o
<3 .
m L
} . - 4l i
3 8 0.4
82
8-v 0.8
g 1
q, -
[
-1 '2-l L L) l L L] L} ' L} L] L l L) L) t ' L Ll L] ' L) A} L} ' -
10000 8000 6000 4000 2000 0

Slow change on order 1°C over 1000’s of years




Glacial =2 Interglacial

20,000 years
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Glacial Climate

~100,000 years
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Dansgaard-Oeschger Cycles

~1500 yrs/cycle

« 8-16°C atmospheric
warming in years to
decades (over Greenland)

§180,, (%o SMOW)

* Rapid warming likely due to
abrupt changes in sea ice
cover in Nordic Seas ime warm

* Some involvement of AMOC -—

m— c0ld




Dansgaard-Oeschger Cycles

~1500 yrs/cycle

+ 8-16°C atmospheric
warming in years to

§180,, (%o SMOW)

decades (over Greenland) ~[| 1 i L
» Rapid warming likely due to I

abrupt changes in sea ice

cover in Nordic Seas ime warm
e Some involvement of AMOC -—
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...but is this unusual behavior?




Plio-Pleistocene Ice Age Cycles

Lisiecki & Raymo, 2004
Age (ka)
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Dansgaard-Oeschger Cycles

In previous ice ages?

d(ANT_d180ice)/dt a 1/GRN_d180ice Sorker etal. 201
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Heinrich Events

10,500 BP
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Heinrich Events

Bond et al., 1992
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Heinrich Events

Bond et al., 1992
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Heinrich Events

Bassis, Petersen, & Cathles, 2017
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Heinrich Events

Bassis, Petersen, & Cathles, 2017
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Heinrich Events

Bond et al., 1992
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Again, occurring

over multiple
glacial cycles

Heinrich Events

Benthic 5'°0

Hodell et al., 2008
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Classes of aberrations

m Temperature changes e.g. D-O’s, PETM
m Ice Sheet changes e.g. HE’s, EOT
m Ocean Anoxic Events

m Mass Extinctions
m Global Shifts e.g. Rise of pO,, Evolution




MASS Extinction throughout Earth History

All genera

“Well-defined” genera

- Trend line
& “Big Five” mass extinctions o

@ Other mass extinctions L 3

Thousands of genera
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Extinction throughout Earth History
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Impacts, Volcanism & Mass Extinction

MAJOR IMPACTS
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Cretaceous-PaIeogene Mass Extinction

MAIJOR IMPACTY}
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Cucullaea
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Meyer, Petersen, et al., in review

Cretaceous-Paleogene Boundary

Non-Deccan
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Meyer, Petersen, et al., in review

Cretaceous-Paleogene Boundary

Non-Deccan Modern
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Meyer, Petersen, et al., in review

Cretaceous-Paleogene Boundary

Non-Deccan Modern Deccan-aged
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Meyer, Petersen, et al., in review

Non-Deccan

Cretaceous-Paleogene Boundary

Modern

1000 1 1
Late Campanian Pleistocene Modern
to Early Maastrichtian | MIS5e | Mollusks
100 - | |
| | Proposed modern
anthropogenic
Proposed pre-industrial | | (Mgl background
10 [Hg] background /
ife)
Q | | (0)
Q o
o | |
o ‘ 6)
= L
o
£ © Q
(O}
@ | (@) | (@)
0.1 (&} | |
0.01 : :
Pee Dee Scania Rocky Bay Providence  Lake Tahoe Spectacle
River (Sweden) (Bermuda) (Rhode Island)  (California) Island
(South Carolina) (Massachusett:

Modern
Polluted Site

age constratints | |

Deccan-aged

| ‘ @) 7.8 km
O :I_downstream

® |
© O 159 km
‘ *. 8 ° | ‘ O downstream
0‘ 8o )
‘. % | |
(@)
by ® | | o)
® L
| | 1akm
° downstream
| |
| |
! |
Moscow Seymour Merced North South River
Landing Island County  Slope (Virginia)

(Alabama) (Antarctica) (California) (Alaska)

Hg levels on par with modern polluted site, lasting Myr



Aberrations from background

climate...

Shocking in the moment, but possibly not
that unusual over geologic time

m PETM
m K-Pg extinction




