the most devastating,
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Caldera formation mechanisms

Eruptions of Ash and Pumice

Today

Wizard
Garfield Peak h!‘lﬂd

Example from Crater Lake caldera, OR; US
source: USGS



Erupted magma volumes in historical eruptions
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Tambora (Indonesia) 1815
Santorino (Grecia) 1500 a.C.

Krakatoa (Indonesia) 1883

Katmai (Alaska) 1912

Vesuvio (/talia) 79 d.C.
Pinatubo (Filippine) 1991

St.Helens (USA) 1980
Vesuvio (/talia) 1631

Mt.Pele (Martinica) 1902
Etna (/talia) 1991-93




2800 km3

Toba, Indonesia, ~75,000
BP

> 2450 km?3

Huckleberry Ridge Tuff,
Yellowstone (WY), US, 2.1 My

ago
SUPER-ERUPTIONS
(>1000 km?)

Taupo, New Zealand, 26,500 BP

Campanian Ignimbrite, Campi Flegrei,
Italy, 39,000 BP

Tambora, Indonesia, 1815

Pifatubo, Philippines, 1991
Eyjafjallajokull, Iceland, 2010



Landsat image of Toba caldera,
Sumatra island, Indonesia

2800 km® of magma | LR . Sl The energy release
R O e - Wl can be estimated as
Mount St. Helens A%, TNy e . AR 1.000 Hiroshima
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km? \ ¥y second (M)

The Toba eruption Is associated to the Toba catastrophe theory: the eruption caused
a 61 10 years global winter and possibly triggered a ~1000 years cooling period,
nearly leading te extinction of several species; studies on human mitechendrium
suggest that about 75,000 years age humans Were decreased to a few thousands

units, previding an explanation to the poor genetic variability of our Species




N S u peruptions are different from other hazards such as earthquakes, tsunamis,
stor ms or [§dkethsimpact of & largetasteroid or comet i their
environmental effects threaten gl obal
AOur present civilisation depends on g

reliance on air travel and space-born communications, all of which could be at

considerable risk ifasuper-er upti on occurred. o
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NAn area the si ze of North America or

deterioration of global climate would be expected for a few years following the
eruption. Such events could result in the ruin of world agriculture, severe disruption
of food supplies, and mass starvation.
threaten t fabric of civilisation.
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AnSooner or -éraptior will happen orpEarth and this is an issue that also
demands serious attention. While it may in the future be possible to deflect asteroids
8 or somehow avoid their impact, we know of no strategies for reducing the power of
maj or volcanic eruptions. o

Report of a Geological Society of London Working Group:
S. Sparks, S. Self, et al.




Greenhouse gases

Volcanoes release large amounts of
greenhouse gases such as water vapor and
carbon dioxide. The amounts put into the
atmosphere from a large eruption don't
change the global amounts of these gases
very much. However, there have been times
during Earth history when intense volcanism
has significantly increased the amount of
carbon dioxide in the atmosphere and caused
global warming.

Volcanic ash

Fine volcanic ash can remain
suspended in the atmosphere for
months to years and be dispersed
worldwide. Ash shades sunlight and
cause cooling over large areas of the
Earth.

Sulphur

Sulfur dioxide discharged into the
atmosphere is much more effective
than ash particles at cooling the
climate. Sulfur dioxide combines with
water to form sulfuric acid aerosols.
The sulfuric acid makes a haze of tiny
droplets in the stratosphere that
reflects incoming solar radiation,
causingcoolingof t he Ear't
The aerosols can stay in the
stratosphere for up to three years,
moved around by winds and causing
significant cooling worldwide.




Pinatubo, Philippines, 1991

Height: 40 km
SO, injection: 17 Mtons

ALargest perturbation to the stratospheric
aerosol since Krakatau 1883

AThe aerosol rounded the globe in 3
weeks, and attained global coverage in 1
year, causing a dramatic decrease in the
amount of net radiation reaching the Earth
surface

ACooling of Northern Hemisphere of up to
0.571 0.6 AC
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The Pinatubo climate forcing was stronger than the opposite, warming effects of

either the El Nino event or anthropogenic greenhouse gases in the period 1991-93.

As a result of the presence of the aerosol particles, midlatitude ozone
concentrations reached their lowest levels on record during 1992-93, the Southern
Hemisphere “o0zone hole™ increased in 1992 to an unprecedented size, and 0zone
depletion rates were observed to be faster than ever before recorded.

Source: Self et al., 2004



known eruptions with volume > 10 km3

these are true monsters
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these are giants
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these are very large
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million years before present
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source ofidata: LaMEVE (LLarge Magnitude Explosive Volcanic Eruptions) database:
Attp:/AAWW:BgS.ac.ukivogripa




known eruptions with volume > 10 km3
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Tambora 1815, Year Without Summer
Toba
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~—~ Pifatubo 1991, the only instrumentally

~ N On average there has been
observed Al argeo er

one eruption with volume >100
I km3 every 20,000 years in the
I last 500,000 years
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source ofidata: LaMEVE (LLarge Magnitude Explosive Volcanic Eruptions) database:
http://Mm.bgs.ac.uk/vegripa




One of the most critical problems in volcanology:

There Is not yet a confident method to estimate the scale
of a likely or imminent eruption from the pre-eruptive
observations

~10° kg/s

If the flux is not sustained here, the
pressure in the shallow system is
destined to rapidly decrease closing the

eruption

If instead the flux is sustained here, the
magma in the deep, large reservoir can
be discharged abundantly before
pressure decrease leads to caldera
formation

T'he efficiency ofi deep
INtercennections IS critical in up to hundreds or

determining the size and thousands km?
Impact efi an eruption




A second critical problem in volcanology

Anticipating the occurrence of an eruption at calderas Is
far more difficult than for typical stratovolcanoes






CALDERAS: why are they different?

AThe structure of calderas is profoundly different from
that of stratovolcanoes

Aiinregativeo as opposed to fipo
Aboarder faults

Achaotic rock assemblage

Adevelopment of large geothermal circulation

Aresurgency

Acompressional/extensional portions

Aseveral distinct post-collapse vents

Aé



CALDERAS: why are they different?

They often display unrest dynamics that if observed at
central volcanoes, they would almost certainly culminate
INto an eruption

Ob-ser.vatkons, tihat-- are of-tdemm repor
eruption forecast:

Aacceleration in seismicity:
Aacceleration in deformation

Aincrease of: gas fluxes, especially CO, flux (and concentration)

Are they eqgually diagnestic / critical at calderas?



Quota in metri (slm 1905)
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Campi Flegrei caldera, Italy
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STAZIONE GPS RITE (Rione Terra - Pozzuoli)

gen-00 gen-04 gen-08

From Chiodini et al., 2008.

Variazioni di Quota (mm)

aggiornato al 01/09/2012

J05 2006 2007 2008 2009 2010 2011 201

Data from INGV i ©Osservatorio VVesuviano




RABAUL caldera, Papua New Guinea

nil-h-e e r wptei 0-n:-be g:aafter Ess thareapdyeombiense sgaisnicitye o

niTt-heeccpeopilie - who -Liived tiheri e <wer e . ememe e
earthquake activity and uplift of the ground within the caldera in the mid-1980's. 0

n-Ho we v-e:r:, despi-tie.-wa:r-n +2ergesgenaynndl988 and 984l ar e
Rabaul did not erupt and, in fact, activity waned.and.remained.atlow.levels. until
hours before the latest eruption broke outé 0O

Source: http://hvo.wr.usgs.gov/volcanowatch/1994/94 09 23.html




