Climate Throughout Geologic Time Has Be
Controlled Primarily by the Balance Betwe

Cooling Caused by Warming Caused by

Major Explosive Voluminous Effusive
Eruptions of and  Eruptions of Basaltic Magm
Evolved Magmas Typical of Subaerial Ocear
Typicalof Ridges, Island Chains, anc
IsIandArcs Continental Flood Basalts
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1815:. MitTamboradndonesia
Largestvolcanic eruption in recorded history, VEI

A 14,000 foot mountain
160 krhof ejecta ,
>71,000 people died |
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Lowered world temperature
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1816
Year There Was No Summ
YearWithout a Summer
Summethat Never Was
Poverty Year
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Krakatau 1883 (6)
Santa Maria 1902 (67?)
Novarupta 1912 (6)
Agung 1963 (5)
El Chichdon 1982 (5)
Pinatubo 1991 (6)




Thermal Effects Last a Long TandCummulate

Modelled global 5 multi—ulatin average
ocean heat content
following the 1883
eruption of Krakatos
with volcanic effect el
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WARM

Last Ice Age Ended During Massive Volcanis
N Iceland from 11750 to 9,375 years BP
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Preboreal warming

Bolling warming \

Last glacial

| maximum

Basaltic, effusive
volcanism was
substantial and nearl
continuous In Iceland
during the Bolling and
Preboreal warmings

12 of the 13 daté¢dyas
In Iceland hatheir final

(qdd) Ainjuas sad ajeyins |enpisay

eruptive phasduring
the PreboreaWarmlng

*He exposure
ages and ice

' tuya or table mountain formed
by eruption of basalt under ice



The Delicate Balance Between

Global Warming and Global Cooling

; Exploswe volcanlsm
. . — j"’__,__..-,— ‘More evolved magmas
Effusive volcanism = J
#ruptlon height: up to 36 ki

_ Ba§alt|c = Duration: hours to days
Eruption height: generally < 2 km Forms an aerosol in the

Duration: years to millennia lower stratosphere




Large, Explosive Eruptions For

Aerosols in the Stratosphere &
cooling Earth ~(°6 for ~3 yearsiass

But also deplete ozone leading
to mid to latevinter warming

Lower tropospheri
temperature
anomalies from
December 1991 t«
February 1992 afte
the eruption of Mt
Pinatubo in June



Average Annual Ozone Measured at Arosa, Switz




