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Deposits related to
their generating
processes

Different types of
eruptions
recognized and
characterized

Fundamental
processes occurring
during volcanic
eruptions
described and
understood

Pyroclastic fall

processes

processes




Physical and chemical conditions during magma evolution and
their path towards the surface

Complexities of magma plumbing systems, and of the processes
leading to them

Conditions prior/leading to eruptions

Diorite/gabbr

(dominantly
clinopyroxe
crystallisation|

Moho (?)

basalt lava flows Earth surface

Small amounts of
basalt magma may
eventually reach
the surface and
extrude as lavas. Heat from deeper basalt moves upwards and
causes overlying crust to melt to produce
rhyolitic magma that may eventually produce
crust volcanism at the surface.

Mantle
(olivine
crystallisatior

llometers

80
distance, km

Krakatau, Indonesia

As rifting occurs, underlying mantle moves up
to fill space. The decrease in pressure,
accompanied by the anomalous heatflow,
causes the uppermost mantle to partially melt
and produce basaltic magma.
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Giordano et al., 2004
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Eruption plume dynamics

Magma chamber dynamics

Volcano deformation
composition
0s

...and many other processes
and domains

Note: the results shown here are all post-2000



Disciplines and approaches that characterized Volcanology
in the past decades

*#" Seventies: stratigraphy, petrology

 Eighties, Nineties: experiments, numerical modeling,
geophysical surveys

| 2000-2020: Instrumentation, signals, monitoring




McGonigle et al., 2017
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UV plume measurements
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Seismic station
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Multiparametric station, INGY

...and much more
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» Short-period and broadband seismic networks
* GPS networks

* Infrasonic networks

* Clinometric networks

* Borehole strainmeters

* Hydrometry

- Tidal gauges

» Gravimetric strations

* Visible light / IR cameras
* Meteorological stations

» Multiparametric geochemical stations
(P-T-X, fluxes)

» SAR interferometry, satellite imagery



Data from Mt. Etna
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What for the decade 2020 — 2030?

* Increasing levels of cooperation and sharing

* Technological improvements

N

BIG questions in fundamental and applied science

\
BIG@G Science



Hubble telescope
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* BIG budgets

e BIG staff

 BIG machines

* BIG |laboratories




Do volcanoes need BIG science?

We miss direct observations of most processes and dynamics
constituting the object of our investigation

We still do not have any global volcano simulator; by comparison,
atmospheric scientists have developed many

We miss global databases for most relevant volcano-related
guantities

We deal with processes causing extreme risks from the local
to the global scale




The size of eruptions,

Tambora eruptlon 1815 :
The largest historical eruption on Earth (to-date) — ““af=s
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into the
Northern

C. 6 km?, VEI 6.

I Vesuvius, Italy, AD79, Destruction of
Mount St. Helens, WA, USA, the Roman towns of Pompei and

Ejafjallajokull, Iceland, 2010, 1- i
T £ k- f
week shut down of air traffic 1980-2.3km", VELS Hercolaneum. 3.3 km?, VEI 5.

operations above Northern-Central
Europe. 0.1 km?, VEI 4,




Mount Pinatubo, The Philippines,
1991 CES

(Instrumental records)

Measurable global impacts

Mount Tambora, Lesser Sunda
Islands, Indonesia, 1815 CE.

(historical accounts)

Substantial global impacts

Toba caldera, Sumatra Island,
Indonesia, 74 ka.

(geologic and other types of
reconstructions)

Potentially catastrophic global impacts

M=6.1, VEI=6

Average cooling of Northern
hemisphere by 0.5-0.6°C, increase of
the ozone hole to unprecedented size
in 1992.

M=7.0, VEI =7

«Year without summer» in Europe:
disruption of crops, severe famine,
massive emigration; estimated indirect
casualties ~ 100,000. Average cooling
of Northern hemisphere by up to 1°C
for 2-3 years.

M=8.8, VEI =38

Associated (controversial) to the Toba
Catastrophe Theory. 6-10 years global
cooling by 5-6°C (or 10-12°C) (Volcanic
Winter), possibly triggering a ~1000
years cooling period nearly leading to
extinction of several species.




“Super-eruptions are different from other hazards such as earthquakes, tsunamis, storms or floods in that — like
the impact of a large asteroid or comet — their environmental effects threaten global civilisation.”

“Our present civilisation depends on global trade and food production, with much reliance on air travel and
space-born communications, all of which could be at considerable risk if a super-eruption occurred.”

“An area the size of North America or Europe could be devastated, and pronounced 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. The effects could be sufficiently severe to
threaten the fabric of civilisation.”

“Sooner or later a super-eruption will happen on Earth and this is an issue that also demands serious attention.
While it may in the future be possible to deflect asteroids or somehow avoid their impact, we know of no
strategies for reducing the power of major volcanic eruptions.”














































