Volcanoes control climate change with
subduction-related, explosive, aerosol-forming
eruptions causing slow, incremental cooling and
rift-related, basaltic, effusive eruptions causing

rapid warming in sequences that are sporadic

and clearly not cyclic but average a
few thousand years

Effuswe basaltic
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Volcanic eruptions deplete the ozone layer

Temperature of the ozone layer

Pinatubo EYiafiallajokull
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Montreal protocol stopped warming
BUT ozone remains depleted

T I I ] I I
1955 1965 1975 1985 1995 2005

Year

o

——
O
=
=
(3=
=
o
(=
(4
D
 —
—]
——
(3~
p .
D
o
&=
D
i
—
(4=]
D
=
S
]
L e
-
<T

@
a
(ueaw Butuund Jeak usnas) (nq) suozo uwinjod [eo




NORMAL CONDITIONS GLOBAL WARMING GLOBAL WARMING GLOBAL COOLING
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Erratic sequences of rapid warming followed by slower cooling
Dansgaard-Oeschger events observed in Greenland ice
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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




Laki 1783 (lceland)

565 km? in 8 months
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Eldgja 935 (Iceland)
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1783-84
Laki lava

fissure

/
Myrdalsjokull
~835 AD
Eldgja lava

Temperatures in Erpe raised 3.3°C, tens of
thousands killed primarily by the effects of
SO, sulfuric acid, and resulting famine

Led to the onset of the
Medieval Warm Period

volcano.oregonstate.edu
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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 (LIPs)
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



Exploswe aerosol forming, volcanic eruptions
e Typical above subduction zones

)| Erupt for days, may recur within 500 to 1000 years

e Deplete ozone causing short-term warming

Form aerosols in the lower stratosphere that
last for years, scattering and reflecting solar
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. energy, causing net global cooling 0.5°C, 3 years
USGS
Pinatubo warmed 3.5°C world Krakatau (1883) cooled ocean Multiple eruptions increment world
Dec 1991 to Feb 1992 for more than 100 years into an ice age
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Stack of 57 globally distributed benthic 6O records
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Onset of Antarctic glaciation and the recent ice age
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Holocene temperatures and volcanism

Years before 2000
10000 9000 8000 7000 6000 5000 4000 3000 2000
¥ T 1 T T T T | T T T T ! T T T T | T T T T ! T T T T | T T T T ! T T T T | T
: ?;342 : : : : :

SRS
7765
3271 2450

N
¥
=~

Craters of the Moon
Sanforjn; 36273600

_ Mycenean-Shang Warm Period

L |
[ =
o
(4o
o
(o]
o 1
O
o
LB
 —
a
- 7 ]
—_
>
o

Craters of the Moon Roman Warm Period g
ftle lce Age 1770

J. A A i J. A i A A i A i A A A i i
2000

8000 7000 6000 5000 4000 3000
Years before 2000




mped Isotopes
8° paleolatitude p- bes)

Paleozoic P e ——
01234
Lo . . 0°C 10°C 20°C 30°C 40°C
g brachiopod habitat g — = ————
=1 o
] | % p 1.3‘2 9._----_-modern tropical ocean
¥ w g el e ek tropical ocean at LGM
L -+ - e e e o w [CE-frEE@ OCEAN
L temperatures o |
4 = — v 1
e p - : L 200
o iation T3l 1 N
3 O (Schoene et al. 2010) - |
=} - S s -
o ] B
i L 8 late Middle to Late Triassic T2 J =
= _ . . = glaciation, Australia -
1 - = ﬁ o Trawsic = (Spenceley, 2001) T8 I
@ ] = o ® L
-— 2 =83
S ] s 582 -
= B = 7] 8 e R 3
B = 250 g 2E5 o< [ 250
- = A & R R L
=] w
_ - ® 3°C =
- A 2 4 X
i [} Kungurian 3' |
TR i Parmiai g Late Paleozoic i | B
Million years before present - = ice Age -
. & (Fielding et al. 2008) Shi. 2001 p2| 3
— tropical diamictite’ L
. . . . Unaweep Canyon 951 L
m m 300 | cool tropics - Carnic Alps NLI 2 300
r OVI C I an e rC u ry g e n rl C e n s (Samankassou, 2002) =% aragonite molluscs |
| Pennsylvanian Mg/Ca temp. at ¢

. .
by LIP basaltic volcanism | [ Eemstian (]
1 s Mg/Ca temp. at i igh point o
132 8° paleolatitude I ('Dabr:lomfero.us-
- % Viséan Brandley and Krause, 199779 global warming
i . ) TOC (3%6C) 4 .8 Niger tillites central Africa P I -
3 e =i T T —_— A g (Lang et al. 1991) i e -
A —o—o, == 350 - = diamictites South Americay — 350
g =g } g Tournaisian (Isaacson et al. 2008)}_ 3, L
=[s g [ . T e - g I Spechty Kopf diamictite < i
== ;3— T e t Nl (Brezinski et al. 2010)
bl 1 i =y — 238z [
=SnEE ——== = . s82 i
o |5|8 T i - “«E=3 5
a .E; £ — - top Egehan impact e(\)zggl g ERS -
Ll ——— _ R llwood et al. 2 = |
g'_g' g s |- gpgtcsﬂ O ———— = R ——— i Devonian ( ) 88 g . I
= |= |5 e ; - . (Eifelian) greenhouse icecaps B ' R
o) = L — - treiesdiataaacs, i e o —
2| Bl ) . & A_ R -~ i " 400 RS T e 400
s 1 0 » F1 o S0 100 150 200 100 200 A0 - — =
Paail 5" Corg (VPDB) ® Hg/TOC (p.p.b./%C) [Hgl (p.p.b) i e L
Morilts TOC (9%C) e 2
24 o8 mid-Pridoli cooling event (Zigaite et al. 2010) H -
= - T‘ Laueventf — o [ A 4 [t
= Ord = = dSilunanlglc';lciialiqnls(gl) : Silurian brachiopods
= - and suggested glaciations <
s Silurian raovician ' O (mean, clumped isotopes)
§ : Silurian (Lehnert et al. 2010) :
_IF|E . Ilce Age § I
= g (defined here) Hirnantian glaciation : |
- E 450 — Caradoc to Ashgill glaciations (gl) . — 450
“l = - and other +tve "C events ] L
= = i (Ainsaar et al. 2010) & : R
o - N Ordovician . 8 |
a -~ 28 : S |
=|5|s ] =23 At S v
ols|z N £53 [ > I
=|= = - ;8% ] -
= 28 < 3 R
3 89 L] =
7 . tropical mean modern ~tropical mean|
E Cambrian at LGM tropical mean ice-free ocean|
Lt s ; — 500 — T . ' 1 . : ' 500
T T 0°C 10°C 120°C 30°C 40°C
® Hg/TOC (p.p.b./%C) . »
T T T T
Peter S. GlleS, 2012 -100m 0 100m 200m

backstripped sea level records of Kominz, 1995
adanted from Miller et al. 2005

David S. Jones et al., 2017



Large Igneous Provinces punctuate the geologic time scale
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So what is the role of CO, in global warming?

CO, has never been shown by experiment to actually cause warming
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~ > 23 times normal This paper
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CO, cannot explain most periods of warming throughout the geologic record
CO, does not absorb enough heat to warm Earth
Fundamental problem in the way computer models calculate heat flux

Atmospheric concentration of CO, may simply be a proxy for ocean temperature



Volcanhoes Rule
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