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Basaltic volcanism warmed the world out of the last ice age
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Basaltic volcanism warmed the world out of the last ice age
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| In only 6 months, it oozed basaltic lava over
| an area of 85 km?, the size of Manhattan
j;}‘

A rate more tan 30 times higher than observed in Hawalil

& -
| This was the highest rate of basalt extrusion
since the eruption of Laki in 1783




Lakl 1783

565 kmZ2 in 8 months

Temraturesralse 3. 3°C tens f thousands
killed primarily by the effects of sulfuric acid



Lakl 1783

565 km? in 8 months

Eldgja 935

1783-84
Laki lava

fissure
/
Myrdalsjokull
~935 AD
Eldgja lava

killed primarily by the effects of sulfuric acid

Led to the onset of the
Medieval Warm Period
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Mass extinctions versus flood basalts
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Mass extinctions versus flood basalts Paleocene Eocene
Thermal Maximum
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Rift-related, effusive, basaltic, volcanic eruptions
warm Earth suddenly
Extrude basaltic lava for months to hundreds of thousands of years

The greater the duration, the greater the warming and extinctions
Range In size from Hawaii to Large Igneous Provinces
Cause major warming of air and, over millennia, of oceans

Cause major ocean acidity (sulfuric acid from SO, and H,S)

Cause major mass extinctions especially when lasting for long periods

Bardarbunga largest since 1783—explains why 2016 hottest year



A fundamentally different type of volcanic eruption

Subduction-related, explosive, volcanic eruptions
cool Earth incrementally over centuries

Erupt for days, may recur within 500 to 1000 years
Deplete ozone causing short-term warming

Pinatubo warmed 3.5°C
Dec 1991 to Feb 1992

Robock, 2002
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A fundamentally different type of volcanic eruption

Subduction-related, explosive, volcanic eruptions
cool Earth incrementally over centuries
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Rapid global warming /§ Slow global cooling
rift-related ! subduction-related
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Erratic sequences of rapid warming followed by slower cooling
Dansgaard-Oeschger events
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Erratic sudden major warming within a few years followed by

cumulative cooling over centuries to mil

ennia

On average, one sequence every 5000 years,
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Explained most clearly by a balance between
effusive and explosive volcanic eruptions

NGRIP 2004




HEBREW
EXODUS
FROM
EGYPT

V
ROMAN

1000
VIKINGS TO
GREENLAND

N

MEDIEVAL
ARM
PERIOL

ERA OF
GREAT
MIGRATION

COOL

Harris and Mann, 2014

GREECIAN
MPIRE

/EI\/IPIRE

LITTLE
ICE
AGE

JAMESTOWN
FOUNDED




Eocene Green River Formation in Wyoming

53 to 48 million years ago

Mud Lake
Florida | g
Oil shale B #‘

B

trona
= dolostone

=, )

Lake Magadi,
Kenya, Trona & A s
R RN e TR - Surdam, 2013




CENOZOIC

MESOZOIC

PALEOZOIC

MAGNETIC
POLARITY

PERIOD

EPOCH

AGE

MAGNETIC

—
[ |
-
—_—
=
—_—
|
—
—
L
—
L
—
—
—
prm—
=
|
R

HOLOCERNE

PLEISTOCENE

CaLaBRIAN

GELASTAN

TERTIARY

PLACEMZIAN

PLIOCENE

ZANCLEAN

NEOGENE

MESSINIAN

TORTONIAN

MIOCENE

SERRAVALLIAN

BURDIGALIAMN

CHATTIAN

OLIGOCENE

RUPELIAN

PALEOGENE

PRIABONIAN

BARTONIAN

LUTETIAN

YPRESIAN

Tm

SELANDIAN

PALEOCENE

DANIAN

RAPID POLARITY CHANGES

CRETACEOUS

PERIOD

CAMPANIAN

SAMNTONIAN

ALBIAN

PERMIAN

EPOCH

AGE

PERIOD

CAPITANIAN

WORDIAR
ROADIAMN

ARTINSKIAN

SAKMARIAN

ASSELIAN

HAUTERIVIAN

CARBONIFEROUS

GZELIAMN

E%% %OV AR
M WVIAN

BASHKIRIAN

SERPUKHOVIAN

VISEAN

TOURNAISIAN

VALANGINIAN

Geological Society of America Time Scale

JURASSIC

KIMMERIDGIAN

OXFORDIAN

CALLOVIAN

BATHONIAN

BAJOCIAN

AALENIAN

DEVONIAN

FAMEMNMIAN

EIFELIAN

EMSIAN

PHRAGHIAN

LOCKHOVIAN

PLIEN

SINEMURIAN

NORIAN

CARNIAN

LADINIAN

ANISIAN

OLENEKIAN

SILURIAN

CAMBRIAN®

PRI AN

LUDFORDILA

GORSTIAMN

HOMERIAN
T D

Wi
AERON

Al

M

KATIAN

SANDBIAN

DARRIWILIAN

STAGE 9

PAIBTAN

Ineuvian

STAGE 2

FORTUNIAN

PROTEROZOIC

NEOPRO-
TEROZOIC

MESOPR
TEROZOIC

EDIACARAN

C

CALYMMIAN

PALECPRO-
TEROZOIC

STATHERIAN

OROSIRIAN

RHYACIAN

SIDERIAN

NEOARCHEAN

MESO-
ARCHEAN

PALEO-
ARCHEAMN

(LIPs from Ernst 2014)




CENOZOIC

MESOZOIC

PALEOZOIC

MAGNETIC
POLARITY

PERIOD

EPOCH

AGE

MAGNETIC

HOLOCERNE

PLEISTOCENE

CaLaBRIAN

GELASTAN

TERTIARY

NEOGENE

PLACEMZIAN

PLIOCENE

ZANCLEAN

MESSINIAN

TORTONIAN

MIOCENE

SERRAVALLIAN

BURDIGALIAMN

PALEOGENE

CHATTIAN

OLIGOCENE

RUPELIAN

PRIABONIAN

BARTONIAN

LUTETIAN

YPRESIAN

23.0

H
g
g

=

CRETACEOUS

PERIOD

CAMPANIAN

SAMNTONIAN

ALBIAN

PERMIAN

EPOCH

AGE

PERIOD

CAPITANIAN

WORDIAR

ROADIAMN

ARTINSKIAN

SAKMARIAN

ASSELIAN

HAUTERIVIAN

CARBONIFEROUS

o

AR

AN

BASHKIRIAN

SERPUKHOVIAN

VISEAN

TOURNAISIAN

VALANGINIAN

RAPID POLARITY CHANGES

JURASSIC

KIMMERIDGIAN

OXFORDIAN

CALLOVIAN

BATHONIAN

BAJOCIAN

AALENIAN

DEVONIAN

FAMEMNMIAN

EIFELIAN

EMSIAN

PHRAGHIAN

LOCKHOVIAN

PLIE

SINEMURIAN

NORIAN

SILURIAN

PRI AN

LUDFORDIARN

GORSTIAM

HOMERIAN
1% A

A

AN

AN AN

MNTIAN

KATIAM

SANDBIAN

Furon-

DARRIWILIAN

STAGE 10

PROTEROZOIC

NEOPRO-
TEROZOIC

MESOPR
TEROZOIC

EDIACARAN

C

CALYMMIAN

PALECPRO-
TEROZOIC

STATHERIAN

OROSIRIAN

RHYACIAN

SIDERIAN

NEOARCHEAN

MESO-
ARCHEAN

—
[ |
-
—_—
E—
—_—
|
—
—
L
—
L
—
—
—
p—
—
|

Sudden, massive, rift-related, effusive, basaltic volcanism and

assoclated mass extinctions punctuate the geologic time scale




The Footprints of Climate Change

Sudden warming followed by much slower cooling in erratic sequences averaging 5000 years
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The Footprints of Climate Change

Sudden warming followed by much slower cooling in erratic sequences averaging 5000 years

Warmer

Oxygen isotope
proxy for
temperature in
NGRIP ice core

Cooler

125

Thousand years before present

How could greenhouse warming cause such footprints?
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The IPCC has spent 28 years crafting greenhouse C%nsensus

Since Paris, 2015, most nations
are preparing to spend
$10,000,000,000,000
to reduce greenhouse gases

What if this has no effect y’ ' Greenhouse -
on global warming? y . Consensus

This could be the greatest G -/ -
economic and political
crisis ever created by g, Pl \ l, \ ‘i N\

mistaken science 0N \ aﬁ?'m.‘. 5\ iy / .
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“In science consensus IS Irrelevant.
What Is relevant is reproducible results.”




e “In science consensus Is irrelevant.
a4 What is relevant is reproducible results.”

am actively looking for ways to engage people in discussing
the footprints of climate change in the geologic record
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