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Major goals for volcanology:
e global evolution and degassing of magma bodies

e modeling and simulation of volcanic processes

Major goals for Civil Protection:

e Impact of volcanic eruptions, volcanic and diffuse
degassing

e pollution by volcanic gases

Major goals for industrial applications:
e glass, ceramics, steel, cement, metallurgy;, ...

Major goals for ore deposits and exploration
geochemistry...



Volatile components in magmas = MountSt.
Augustine:
Analysis of volcanic gases Alaska (7/79)

Direct sampling
Air borne IR-measurements
Satellite linked spectroscopic

measurements Pinatubo

Philippines (6/91)

Analysis of voicanic glasse:
Extraction methods, spect_r_:.Qmsc._:_

electron and ion microprobe

The most abunaant volatile components
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FTIR measurements of the emissions from the 2750 m. a.s.l.

cone during the 2002 eruption of Mount Etna (Courtesy of
Mike Burton, INGV Catania).



CO,/S0,

method
CO, : IR spectrometry SO, (HCI, H,S): electrochemical sensor

Acquisition frequency: 1s; low power consumption;
High concentration = high accuracy
Future perspective: real time continuous monitorin
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The 2007 eruption of Stromboli volcano: Insights from real-time measurement of the
volcanic gas plume CO5/S05 ratio
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hydrothermal liquids hosted in the hydrothermal systems,

which are frequently interposed between the magma batch
stationing at depth and the surface.
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Conceptual geochemical model of White Island [Giggenbach, 1987]






Average chemical composition of Bocca Grande fumarole
during1998-2000 (the data are expressed in mmol/mol)

The absence of typical
magmatic gases (i.e. SO2, HCI,
HF) and the relatively high
contents of CH4 suggest that
Solfatara fluids were stored In
an hydrothermal environment
before discharging.
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Measuring Initial Magmatic Volatiles

What Is the challenge in accurately
measuring/estimating amount of volatiles
INn. magmas?

* When gas samples taken at surface, they
can become contaminated with atmosphere
or other secondary sources (meteoric waters
etc...)

* If magma saturated and bubbles formed,
lost some of its volatile supply prior to
eruption



We can use “Phase Equilibria” or...

Glasses and Melt Inclusions

crystal.

* Interpretationist

nat these

of melt do not lose volatiles

because “armored
crystal.

rocks. (A) A fragment of an ~3-mm quartz phenocryst from the
rhyolitic Bishop Tuff containing inclusions of glass up to about
100 wm in diameter. (B) Close-up of a melt inclusion containing

i . e e

e Can measure abundances in
submarine glasses because little
to no degassing invoked; magma
cools on contact with seawater

* Melt inclusions, which are blobs
of melt (glass) surrounded by

nlobs

" by solio
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Kilauea

Basaltic magmas
(Wallace, 2005)

Chlorine in Subduction Zone Basaltic Magmas
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Understanding solubilities and saturation properties
demands first experiments...then thermodynamics

Water solubility in silicate melts

rhyolite (850°C)

N\
N

basalt (1200°C)

2 3
Pressure (kb)

CO, (Wt.%)

0.3

02f

01F

0.0

Carbon dioxide solubility in silicate melts

rhyolite (850°C)

N

basalt (1200°C) -

Pressure (kb)

» Solubilities are strongly pressure dependent
 Solublilities do not vary much with composition
* CO, has very low solubility compared to H,O (~30x lower)

2



CO, (p.p.m.)

Solubilities with more than 1 volatile component present

700 lllll l T':"ll}ll'l}lll[:TllI:llll

Solid lines show solubility at
different constant total pressures

Dashed lines show the vapor
-+ composition in equilibrium with
melts of different H,O & CO,

600 bar

From Dixon & Stolper (1995)

* In natural systems, melts are saturated with a multicomponent vapor phase

* H,O and CO, contribute the largest partial pressures, so people often focus
on these when comparing pressure & volatile solubility



S solubility is more complicated because of multiple oxidation states
* Dissolved S occurs as either S2- or S¢*

Modeling the Solubility of Sulfur in Magmas 177
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Figure 2. Solubility of sulfur in silicate melts at conditions of a fixed mole fraction of SO, in the input gas
phase and varying fr, measured by Fincham and Richardson (1954) in a CaO-ALO:-5i0, melt at 1 bar
pressure. Please see text for further discussion of the reactions portrayed in these figures.

Baker and Moretti (2011) Jugo (2005)



Chlorine Solubility
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—> In real basalts there is less chlorine (luckly!) = saturation
with brine is avoided!



The message: Integrated and synergetic approach
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Fig. 2. Commercial vacuum-refining mod-
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ment, (52) is pressure moaintenance tube,
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Gas Bubbles
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Silicate melts are not liquid water...

Outer sphere ion pair Inner sphere ion pair

(complex)

Intact solvation shells Partial disruption of Disruption of solvation
solvation shells shells



Depolymerization of Silicate Melts to
accommodate volatiles (e.g. water)

Broken Si—0O polymer
in hydrous melt

Wiler
molecule
-+ O — WA
4
X

S1—=0 polymer n
anhydrous melt

@ Bridging oxygen
% Nonbridging oxygen
@ Tetrahedral (network-forming) cation

#3 Network-modifying cation

Fig. 1. Schematic representation of the geometric relationships of bridging and nonbrid-

M yse n an d R i Ch et’ 2005 ging oxygen and network-forming and network-modilying cations.



How deep need we to go with connections between
structure and chemical thermodynamics ?

The “thermochemical knowledge” of a melt system
does not seem to require the microstructural
“complexity” that can be revealed by many
spectroscopic investigations: the structural
“characterization” exceeding that required for the
description of acid-base properties (e.g, in the
Lux-Flood notation for oxide systems) may be

not useful.



Back to basics

In silicate melts acid-base properties are expressed in terms of Lux-
Flood formalism:

Acid + O* <& Base (1)

(Ottonello et al., 2001; Moretti, 2005; Moretti and Ottonello; 2003;
Ottonello, 1997: “Principles of Geochemistry”; Flood and Forland,
1947; Fraser, 1975; 1977).

In oxide systems, “reaction” 1 is the analogous of the Bronsted-Lowry
one in agueous solutions:

Acid < Base + H* (2)

In aqueous solutions the electrode of reference is the *“normal
hydrogen electrode”, whereas in silicate melts the reference electrode
IS the “normal oxygen electrode” (Ottonello et al., 2001), i.e.:

1/20, + 2e- & O~ (3)

This is the main redox couple in oxide melts.




Polymeric nature of anion matrix: Toop-Samis model

In polymeric models for silicate melts, it is postulated that, at each
composition, for given P-T values, the melt is characterized by an
equilibrium distribution of several 1onic species of oxygen, metal
cations and 1onic polymers of monomeric units Sioé“'.

20" < 0,°+0_*°

/

Si0;” +Si0;” < Si,05 +0%

Polymerisation, basicity, oxidation state

) i and their role in ionic modelling K 5 8 =
xidat 1 : 54
110 A YR f18 e "."".‘,'_:"“..."".'.'., TR WA PRI A1
Giulio Ostonello **, Roberto Moretti ®, Luigi Marini *, Marino Vetuschi Zuccoling
[( ) ] polym

of silicate melts
mixing



T=1600°C ; P=1 bar -
091\ Kp=0.0003 fo CaO'S|Oz
Ottonello and Moretti

(2004) J. Phys. Chem.
Solids

(0); (O°); (O%) (fractions)

The message:

1. Silicate melts are polymerized liquids

2. Polymeric units are highly reactive

Polymerization and redox state are intimately interrelated. This affects melt properties,
including oxidation state, volatile solubility et cetera.



The H,0-CO,-H,S-SO, saturation model

Gas phase
H,O, CO,, SO,, H,S
homogeneous equilibrium (chemical reactions)
(SUPERFLUID - Belonoshko et al., 1992)

o S

Sads "

N Q% § 7%

%?f Q§,§,~° Redox 75

§ Be & conditions '
H,O + CO, saturation “ Sl\;at;tha;yotn
reactive and/or (Moretti e
(Papale, 1999) dissolution effects al., 2003)
Moretti and Papale (2004) Fell/Fe!'' model

Chemical Geology

(Moretti, 2004)




Theory of the revised and extended H,0O-CO,
saturation model (papale, Moretti & Barbato, 2006)

Fully non-ideal
Fluid phase of any composition in the system H,0+CO,

Liquid phase of any composition from two/three components to natural (12 components)

Equilibrium equations

Pe =Pt =P
TO=TH =T
fuo = fuo = Bu0Yr,0P = V0%u,0 fitro

G _ L . oL
fco2 = fco2 = Pco, Yeo, P = 7 co, Xco, fco2

Mass balance
equations

YH,0 T Yeo, =1

T T
XHZO o XHZO . Xco2 o Xco2

Yu,0 = Xu,0  Yeo, = Xeo,
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CHEMICAL
GEOLOGY
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ELSEVIER Chemical Geology 229 (2006) 76 - 95

www.elsevier comilocate’'chemgen

The compositional dependence of the saturation surface of
H,0O +CO; fluids in silicate melts

Paolo Papale ab* Roberto Moretti **, David Barbato *"

(Papale et al., 2006)



total CO» content

CO2 ppm

MIs show processes of CO,
addition and dehydration
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mass of dissolved 002 (%)

Barsanti et al. (2009, JGR)

0.03

0.02}

0.01F

0.02}

0.01F

0.02}

0.01F

0.02}

0.01F

0

KILAUEA

0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12

mass of dissolved HZO (%)

pressure (MPa)

Sat.Mod. N. of curves wTH20 wTCO2
(Wt%) (Wt%)
SWCD1 0.100 0.50
SWCD?2 0.110 0.80
YERAR
0.114 3.80 _
swcD3  0.111 0.50 \?e\f’a\ss'\”%\ [\
0.102 0.80 A
0.105 3.10 g ga;; o
SWCD4  0.112 0.54 289 L3
0.105 0.96 2 EQ convection 8 2
0.110 2.82 358 =
0.112 4.38 £0% £ 5
; - XA AN
L L VolatileCale s - flushing
30; Solwce;_ - ‘: °: 1 %‘? S > > >
s 20
*‘_:{‘*’ 'O & : O O %"-’O
“ R 81000 |38
- : : &g
* = o O o = b
90/ . 3 W . '
120 : : : 4
i A i tshi nas nhaza rqf? 100
E?%( JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 114, B12201, doi:10. 1020 20081BOOG 18T, 2000
ARt

...shifting degassing paths...

Heterogeneous large total CO; abundance in the shallow magmatic
system of Kilauea voleano, Hawaii
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S solubility: the Conjugated-Toop-Samis (CTSFG) model

Genchimica o Cosmochimica Acts. Vol. 6%, No. 4, pp. 801823, 2005

ELSEVIER doi: 10 T0T6/j.goa, 2004, 00,006

Solubility and speciation of sulfur in silicate melts: The Conjugated
Toop-Samis-Flood-Grjotheim (CTSFG) model

\‘ T == Ropexto Morert!'* and Guio OTTONELLO®
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Sulfide equilibrium:
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Sulfate equilibrium:

0% (L) +%SZ(G) JrgO2 (G) < SOZ (L)
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Simple metallurgical slags Natural-like melts (sulfur content)

(log Cs contouring)
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The CTSFG solubility model: features of the sulfide and
sulfate capacity surfaces
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Modeling the Solubility of Sulfur in Magmas:
A 50-Year Old Geochemical Challenge
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Figure 13. Comparison of the calculated molar ratio of S*/Total S (X-S*/Total S) in melts as a function of
ANNO for basaltic and rhyolitic melts at different temperatures, pressures and water concentrations in the
melt. Drawn after Moretti and Baker (2008). Note how unlike in Figure 8. the curves are functions of the
intensive thermodynamic variables describing the melt, e.g., pressure, temperature and composition. Please

see the text for further discussion. .
Baker and Moretti (2011)



Tholeite, 1400K . H,0%=3%wt; CO,=1%wt; S'°'=0.5%wt
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Moretti et al. (2003) Geol. Soc. Spec. Publ. 213

Mass partitioning in Nature is non-linear. The expected linearity
required by theory (stoichiometry in this case) is embodied, not

cancelled. Models must account for It.

A Model for the Saturation of C-O-H-S
Fluids in Silicate Melts

R. MORETTI'". . PAPALE*" & G. OTTONELLO?

Vstituro Nazionale di Geafisica e Vulcanologia, Osservatorio Vesuviano, Naples, Italy.
Istituto Nazionale di Geofisica e Vulcanelogia, Via della Faggiola 32, 1 56126 Pisa, ltaly.
(e-mail: papale(@pi ingv.it)

Dipartimento per lo Studio del Territorio ¢ delle sue Risorse, Genoa, Italy.

From: OPPENHEIMER. C.. PYLE. D.M. & BARCLAY. . (eds) Volcanic Degassing. Geological Society. London, Special
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Volatile mixed “solubility”
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Single-step volatile separation
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The Kilauea example...

Summit SO, emission
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CO2/H20 in gas (mass ratio)

Open-conduit conditions (e.g., Erebus)
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Edmonds et al. (2008)

Excess volatiles and high H,S/SO,

W Soufriere Hills, Montserrat
o Mt St Augustine, USA

« Merapi, Indonesia

o Mt St. Helens, USA

+ Momotombo, Nicaragua
& Usu, Japan
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Open-conduit conditions (e.g., Etna...)

Aliuppa, Moretti et al., 2007



Open-conduit conditions (e.g., Etna...)
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Alletti et al, 2009

Partition coefficents (H,O-Cl exps)
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In the 1onic-polymeric approach we set the following equilibria:

1/2|'|2O(gas) + CI_(melt) © HCI(gaS) + 1/202_(”“‘9")

which can be also derived from:

Hirosumi and Morita (2000;
for chlorine)

1/402(gas) t CI_(meIt) & 1/2C|2(gas) t 1/202_(melt)

by considering the following dissociations and redox couples:
72H,0 o) @ 72H; (meiy + 40 (merry  [Water dissociation]
HClgae) @ ¥2H; (gas) + Y2Cl5 ey 'Hydrogen chloride dissociation]

¥Cl, + e & CI- [Chlorine electrode]

1,0, + e = O~ [Oxygen electrode]




Moretti et al., in prep.

15H,0(gas) + Cl-(melt) <& HCI(gas) + ¥202-(melt)
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Gas fluxing determines the detected K-enrichment by stripping K to the gas phase as
KCI.

=> the measured K variability reflects the K-gain, by some portions of the magmatic
system, that superimposes to the normal trend of fractional crystallization.

By considering KCI and HCI as the most important gas species, the following
chemical reactions can be written:

HCl s + /2K,Opep & KCliey + 1/2H,0 (1)
KCImelt & KCIgas (2)

From their equilibrium constants:

Ayl
loga,, =logay T logK, =log——; +loga, , +logK,
H,0 gas
. Moretti et al. JPet (accepted)
HCl
If K,O=const => —i/z increases due to CO,-fluxing and dehydration
A0
2™~ gas

> Ay increases, hence Xkel i INcreases

melt
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Degassing...

~ I8, 1

~ 34 o34
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Marini et al.
(2011)
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Nordstrom and Munoz, 1986



Degassing...

IU(}(}Ina = 5 S T 5'S =

gas—melt IS, melt —

o, “87Sg, +l1= Y, )88 |- [Ym -34S (1—Y )} 5%s.. y .
:‘l{"lﬂlr)llm'.,;ﬂ Hqﬁ‘ l{)l]{)lnug 502 +Il)(}Oan

where "!:m% and Ym:_ are defined as:

Y . =X j_f(X o +X 2 )] Yso —Xsr:n K(XD +XH5)

S0 502
1000Inag, , ¢ =—0.42-(10°/T) +4.367-(10°/T) —0.105-(10°/T)- 0.41

1000Ing,, ¢ o =1.1-(10°/Tf -0.19. Taylor, 1986

We MUST know how Yﬂz- and Y§2- are related to P, T and
composition




Sulfide separation...
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Set by taking pyrrhotite...

Considered to be valid for FeS liquids (...t also
approximates FeOS liquids)

1000In0,q 4. =0.10- (1 UU’T)2 Ohmoto and Rye, 1979

...as for degassing: depends on fO2 conditions for FeS saturation!
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| The Plio-Quaternary Italian
| magmatism is related to the
complex geodynamics of the
Mediterranean basin induced
by convergence between

African and Eurasian plates

e

The magmatism of the Neapolitan area
(Phlegraean district = Ischia + Procida + Campi

Is related to the NW subducting lonian plate

Flegrei and Somma-Vesuvius)
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A model of degassing for Stromboli volcano
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Campi Flegrei caldera

Structural map

® Monte Nuovo (1538 AD)



Campi Flegrel caldera

Ground movement at
Pozzuoli - Serapeo
over the past 2 ka

100 a.C. 100d.C. 300d.C. 50049
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ELEVATION OF THE BENCHMARK 25A AND SERAPEO FLOOR FROM 1905 TO 2009

- = -

7—'§ g % E_ % Os18. Vesuviane Levelling 10782000
— ] = u ] e
— - - L] [~ = E

= 5 & B = 1/ 1908 i

[ 1 g y @ %' 3 E ) 0% INGV-OV Levelling
_'E 8 < H 3 g 58 % - diguglY T,

5—= = - g 7,/2008
-2 " f 5 E 3 é g Y
-y 'E 7] = 3 - B 2

a— L = 2 : 5 g
i
] S —r e 102 g 1 E B

5] \-—\ s 8 8 s 1000
] 1628 < 1588

2— /1860

1—

Sea Level Trend referred to 1905 —

“ »

i -
= | . .
_ ® Serapeo Marble Floor

-3 I ! | I l I I I I I I I I I I I | I I I | I I I | I I ] | ] I
1905 1915 1925 1935 1945 1955 1965 1975 1985 1995 2005 years

Fig. 7. Elevation changes of the floor of Serapeum and benchmark BM 25A (masl) from 1905 to 2009 referred to the sea level in 1905.




Solfatara




Sulfur Production in Solfatara Volcano (Naples)
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CO, flux and thermal energy release

Solfatara Nisyros Vesuvio Vulcano

CO,tdtl 1500 100 300 200
H20/C02 fumaroles 2.2 23.4 3.7 53
H,O t d! 3300 2340 1100 1060

Condensation  Jd?Y 7.3x10% |5.2x10%?> 2.4x10%? 2.3x10%?
Cooling of liquid Jdj 1.1x10%2|7.7x10% 3.6x10% 3.5x10%
Thermal energy Jd?t| 8.4x10%?2|5.9x10%? 2.8x10'? 2.7x10%?

The energy released by the DDS (mainly through steam condensation) are very
large, and cannot be neglected in the thermal balance of a volcanic system.



Unrest: Petrologic & geochemical modelling
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Ubrest: Petrologic & geochemical modelling

Magma System Architecture

| NYT CALDERA

De Siena et al., 2010

Zolloet al., 200 S s b

Seismic attenuation

Seismic Tomography

Arienzo et al., 2010; Chem. Geol.

Melt Inclusions

Geo-volcanological picture of the A-MS magmatic feeding system and of the CFc sector involved in the
eruption. The A-MS system can represent a useful proxy to sketch present and future scenarios in which
magmas and their gases interact with the hydrothermal system.
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Unrest: Fluid geochemical modelling

Solfatara j

40

a/f*-”

Hz, CO re-equilibration
in the vapor phase

o | \
ly\ =

meteorlc origin
0.4 Mlxmg zone

-7 T=>360°C Tl
CHy formation zone

Llo Magmatic gases
0 1Kkm X CO2=0.38, *He / “He (R/Ra) = 3
! 3D = -20%o , 5180 = +10.5 %o

Moretti et al.,

Caliro et al., 2007

under review in EPSL



Melt composition (#) (wt.%, volatile-free )
SiO, TiO, Al,O3 FeOyo MgO CaO Na,O K,O
59.04 0.46 17.14 3.83 0.68 2.42 4.22 7.64

Constrained features of the magma body after rise and emplacement at 4 km-depth
P =100 MPa (&); T=1173K (8); logfO, = NNO+1.2 (#)
H,0™°T=35wt% (£); CO, 2" =2wt% (£); S =0.013wt% (£)

Computed conditions

H,0%° =31.61 wit% H,0/CO, (mol) =1.14
CO,®* =68.01 wt% H,S/CO, (mol) =0.004
SO,%  =0.16 wt% SO,/H,S (mol) =0.4
H,S%% = 0.22 wt%

Preitsgas = 2008 kg/m®

Pmet = 2511 kg/m®

m% =3 wt%

VIRV = 0.21

Simulation performed for a
magma crystallizing and
degassing (open-system)
continuosly = no volatile
rejuvenation

Calculation scaled to
2x10** kg of magma.

e
14Xm1{); lIIIIIlI!IIIIIIIlIIll_
1 Ka | | | I ’ T T

12000 P A
AA
10000 | AA
{AA
8000 4 A

6000 -

Discharge (tons)

4000 -

2000 -

0?2 0?3 0!4 0?5 0?6 Of? 0?8 0?9 1.b

crystallization (mass fraction)
The shallow body
crystallizes and cools in
20-30 years !



Unrest: Fluid geochemical modelling
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Melt composition (#) (wt.%, volatile-free )
SiO; TiO, Al,O3 FeOo MgO
59.04 0.46 17.14 3.83 0.68

CaO
2.42

Na,O
4.22

K,0
7.64

Constrained features of the magma body after rise and emplacement at 4 km-depth
P =100 MPa (&); T=1173K(8); logfO, =NNO+1.2 (#)
H,0™"=35wt% (£); CO,’°" =2wt% (£); S™ =0.013 wit% (£)

Computed conditions

H,0%  =31.61 wit% H,0/CO, (mol) =1.14
CO,** =68.01 wt% H,S/CO, (mol) =0.004
S0,%  =0.16 wt% SO,/H,S (mol) =0.4
H,S%  =0.22 wt%

Pmeitsgas = 2008 kg/m®
= 2511 kg/m®
=3 wt%
VgasNtot = 021

Pmelt

moes

Composition of the deep gas separating from the trachytic body 8 km deep
P =200 Mpa (@); T=1223K(8); logfO,=NNO+1.2 (#)

H,0%%° = 21.21 wt% H,0/CO, (mol) =0.66
CO%* = 78.59 wit% H,S/CO, (mol) =0.00058
SO,% = 0.17 wt% SO/H.S (mol) =2.26
H,S* = 0.04 wt%

v FC @ BG A BN H P
a
b
— — Avarage CO, flux computed
il — = CO, fiux measured at Solfatara
15000 — —— Total gas fiux computed
| —— CO, flux computed
10000 -
5000 -
0 - C
T T T T T T
6/15/1980 6/15/1985 6/15/1990 6/15/1995 6/15/2000 6/15/2005 6/15/2010
Date (mm/dd/year)

#: from Ml studies (Arienzo et al., 2010) and experimental petrology (Roach, 2005);

&: from MI studies (Arienzo et al., 2010; Mangiacapra et al., 2008) and geophysical observations (Berrino,

1994; De Siena et al., 2010; Woo and Kilburn, 2010);
§: from experimental petrology (Roach, 2005);
£: from Ml studies (Arienzo et al., 2010);

@: from MI studies (Arienzo et al., 2010; Mangiacapra et al., 2008) and seismic tomography (Zollo et al.,

2008).



Possible scenarios and future (?) evolutions
3 scenarios can be reasonably hypothesized:
-Only deep gas reaches the surface, fluxing the shallow system
-The 4 km-deep (solidified) magma is experiencing re-melting

-The 8 km deep magma is rising from the large regional reservoir

=>» Petrologic data show that Phlegrean eruptions regularly follow episodes of new magma arrival and
subsequent mixing in the shallow system - Timing is very Fast

250 experiment
-0.002 —*
000 L ' '5
= : Averno e .
= 0006} ? wegh axpeariment
£ T
E -0.008 |- Agnano | EE.
i - Monte
a 0.010 Spina ‘5
0012 1 Astroni
-0.014
0 2 4 & 8 10 12

Mixing time (in days)



Orsi et al. 2004



Possible Eruptive Scenarios

Size and style of a future eruption

Explosive
Effusive large size
11% 4% EXP'OSiVE
/ medium size
: 25%

Explosive
small size
60%

Size Alcm

VTephra TEM

Magnitude Type eruption(s)

(km?)

(kmd)

(kg*loll)

Large

>500

>0.40

>5

>5

Agnano-Monte Spina

Medium

500 - 1000

0.15-0.40

Astroni 6

Small

0 - 500

0-0.15

Orsi et al., 2009; E. Planet. Sci. Lett.

Monte Nuovo; Averno2




Hazard and Risk

RISCHIO = [ 1500004714 X VALORE ESPOSTO X VULNERABILITA

Fip & - Wi e deffed i ol e el n

<3 ZONA ROSSA: flussi e surge piroclastici,
colate di fango, caduta di cenere.

ZONA BLU: aliuvioni e colate di fango.
ZONA GIALLA (>400 Kg/m?): caduta di
cenere,

ZONA GIALLA (>300 Kg/m?); caduta di
10 Km - cenere,




Hazard and Risk

Alert Tresholds and Actions for Risk Mitigation - Vesuvius

LIVELLIDI STATO DEL PROBABILITA TEMPO DI ATTESA SISTEMRDIFROTERONECNILE FASI
ALLERTA VULCANO DI ERUZIONE ERUZIONE
Comunita Scientifica Risposte Operative
MNessuna variazione Indefinito, comungue | Attivita di sorveglianza Carried
Base significativa di Molto bassa | non meno di diversi secondo quanto “N‘T:‘:r::‘" Attivita ordinaria
parametri controllati mesi pregrammato
Dipartimento dellza - Attivazione della fase di attenzione
Protezione Civile - Comunicazione al Prefetto di Napoh
- Convocazione del C.C.S.
- Organizzazione supporto logistico alla Comunita
Variazione Indefinito, comunque SE”;;L:'{;::,:;"W Scientifica e
Attenzione significativa di Bassa hon meno dl aleuni | L = Qrgeanizsnons dess pome i oastof sl
7 | ; incremento dei sistemi popolazicne unitamente ai Sindaci dei comuni interessati | Attenzione
parametri controllati mesi di sorvegianz:e Prefettura di Napoli - Comunicazione a:
a) Dipartimento della Protezione Civile
b) Ministero dellinterno
¢) Presi Giunta Regionale Campana
d) Presid Amministrazione Provinciale di Napoli
indaci

& per la definizi ree della b
Evento n corso -Ra o catalogazions datisulanca: | e
{Eruzione] ~ mento del fenomeno e della operazione - Zineed
- - Predisposizione strutture ricettive della Campania ed corso
evacuazione Zona Glalla
R - Ricollocazione delle strutture operative sul territario
Continua la sorveglanza | possent® 814 Operazioni teanico-scientifiche di verfioa del territorio e
e & itemi remoti; inizia la. (DI.COMAC.) finalizzate al rientro della popolazione (Regione, Pl -
ol isindeiot e : J Comuni, Prow. OO PP . Grupp! Nazional, W.F ) Dopo
sorvegianza inloco | pipartimento cefla - Rientro controliato Feversto
Protezione Civile - Richiesta revoca stato di emergenza
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Montserrat 1995

Rabaul 1994
Galeras 1993 E
Spurr1992 — B Deformation
Tilt/Strain

Pinatubo 1991 | W Volcanic tremor

Unzen 1990 = ®mLP Swarms

Redoubt 1989 VT Swarms

lto- oki 1989 |
lzu 1986
El Chichon 1982

St.Helens 1980

0 100 200 300 400

Days before the eruption



Thanks for your attention!

Andy Warhol, 1985




