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Overview

ÅIntroduction to Volcanoes and Eruptions

ÅGeneral Theory of Volcanic Forcing on 
Climate 

ÅVery Large Eruptions and Climate Change

ÅLarge Eruptions and Short Term Climate 
Change

ÅFuture Questions ς

ÅClimatic Influences on Volcanic Activity

ÅVolcanoes and Weather



Climate Forcing Mechanisms

ÅORBITAL FORCING

ÅSOLAR FORCING

ÅTHERMOHALINE CIRCULATION

ÅVOLCANIC FORCING

ÅATMOSPHERIC OSCILATIONS

ÅBIOLOGICL FORCING

ÅICE COVER

ÅGREENHOUSE GASES





Milankovitch Cycles



AGE IN ICE-CORE YEARS BP

GISP2 RECORD, 1992
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Integration of Global Climate records 
for Late Holocene

Errors?



Primary (magmatic) controls on 
igneous product



CHEMICAL CONTROLS ON 

EXPLOSIVITY

EXPLOSIVITY



Calderas and Rhyolite Caldera 
Complexes



Strato Volcano, Hekla, Iceland



Phreatomagmatic eruptions, Katla 
under Myrdalsjokull

During eruption glacier melts (Jokulhlaulp) water mixes with 

magma (basaltic) increases pressure and causes explosive 

volcanism



Ash Distribution  - Eyjafjallajokull-
2010

Small Explosive Eruption

8km column

Plume direction driven by wind 

patterns

http://upload.wikimedia.org/wikipedia/commons/b/b1/Eyjafjallaj%C3%B6kull_volcanic_ash_composite.png
http://upload.wikimedia.org/wikipedia/commons/0/0f/Eruption_of_Eyjafjallaj%C3%B6kull_Volcano,_Iceland_April_17_Detail.jpg


Dispersal ςGrimsvotn2004
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Distribution From Larger Eruptions 





Tephra Fall Out
ÅASH DEPOSITS FROM VOLCANIC ERUPTION 

EVENTS

ÅDIFFERENT SIZE AND DENSITY FRACTIONS 
WILL GAIN DIFFERENT HEIGHTS AND FALL 
OUT AT DISTANCES FROM THE PLUME
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Sulphur Aerosols

Edward Munch The 

Scream ï183 Krakatoa



Volcanic Forcing on Climate



Observed and Modelled Effects of 
Volcanoes on Climate

Robock 2002



Effects of large magnitude 
eruptions and super volcanoes

ÅALTHOUGH RARE OCCASIONAL VERY LARGE 
ERUPTIONS AND SUPERVOLCANOES ERUPT

ÅTHESE ARE HIGHLY EXPLOSIVE AND PRODUCE 
MASSIVE VOLUMES OF ASH AND GAS

ÅIT HAS BEEN SUGGESTED THAT SUCH 
ERUPTIONS CAN HAVE SIGNIFICANT 
CLIMATIC IMPACTS

ÅIT HAS ALSO BEEN SUGGESTED THAT IN TURN 
THESE CAN IMPACT ON HUMAN EVOLUTION



The Toba Ash

ÅLARGEST KNOWN MAPPED ERUPTION IN THE 
LAST 2.5MILLION YEARS

ÅOCCURRED 75,000 YEARS AGO

ÅCOLUMN HEIGHT ESTIMATED AT ~35-40KM

Å2800 KM3 MAGMA

Å800KM 3 ASH DEPOSITED OVER ASIA

ÅAMBROSE (1998) PROPOSED A 5-6 YEAR 
VOLCANIC WINTER



Modern Human Dispersal and the 
Toba Ash

Jebel-Irhoud

160kyBP?

Key Dating Problems With Early Northern Sites 



Toba Super Eruption ςNuclear Winter 
and Human Dispersal
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2003 Population Bottleneck 

and Super Eruption



The Campanian

Ignimbrite

39,000BP


