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Motivation and objectives

Erosion mechanisms in volcanic conduits [Macedonio et al., 1994]:

* |mpact of pyroclasts. T S
) PHREATO :

* Fluid shear stress. MasMATIC
65

= Conduit wall collapse.

= Volcanic tremor. TRANSITIONAL 55 | ©
100

MAGMATIC
Fig. 1. 1631 eruption of Vesuvius. Eruptive phases, grain-size distribution and componentry -_;36:};;5;_—__ '3

(juvenile: unornamented; crystals: solid; lithics: stippled) [Barberi et al., 1989] 00NN
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Motivation and objectives

= Conduit widening processes are still misunderstood. They have never been addressed
numerically.

= Here we evaluate the mechanical stability of volcanic conduits, using:
= A 1D-steady state model of volcanic conduits.

* Mogi-Coulomb collapse criterion.
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1D — Steady State Model

/| Phase 1:
| Magma fragments

. i
Our model considers: '

**| Phase 2:
'] Exsolved gas mixture

Crystallization.

Fragmentation

Rheological changes. ag = 0.7 ovel
= Magma fragmentation. Ditealved gas
Crystals
Melt
= Drag forces.
Phase 2:

Exsolved gas bubbles

Outgassing.

Degassing.

Fig. 2. Scheme of 1D-steady state model.
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System of equations

(1) = (pu) =0

0 8HUmixu
(2) 5(0‘19111% + appau + aypg + appz) = —pg - 2

4P—mixuz

9 p1 , ui Pz | U3
(3) a lalplul (el + p—i + %) + a,poUsy (ez + p_j + %) - pX1X2(u1 — uz)(sl - SZ)T] = —pguU — R2

where z is the vertical coordinate; p is the mixture density, u is the mixture velocity; a;, p;, u;, e;, p;, X; and s; are the volume fraction, density,
velocity, internal energy, pressure, mass fraction and entropy of the phase i, respectively; g is the acceleration of gravity, p,,;, is the mixture
viscosity, R is the conduit radius and T is the mixture temperature.

v’ Pressure and temperature are derived from the internal energy.

v’ Closure equations related to:

- Liquid volume fraction. - Mass balance of crystals, phase 1 and dissolved gas. - Magma viscosity.
- Solubility model. - Relative velocity between both phases. - Crystallization model.
- Outgassing model. - Equations of state.
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Fig. 3. Profiles along the conduit of some physical parameters. They are results of a specific simulation (radius of 35 m, water content of 6.5%, inlet pressure of
125 MPa, rhyolitic magma).
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Mogi — Coulomb collapse criterion
[Al-Ajmi and Zimmerman, 2006]

Failure occurs if P(z) < P qj1apse (2)

Pcollapse — m * [(314 + Zb’K) - \/H + 12(K2 + b’AK)]

A 1
Pcollapse — E — g\/12[a' + b’(A - ZPO)]2 - 3(A — ZB)Z

_ 0g = 0y 2 0, [Ba-20'6) - JH +12(62 + b AG)|

P ollapse: Minimum pressure for inhibiting conduit collapse. o,: Vertical stress. o, Radial stress. og: Tangential stress.

b = sin(¢). ¢: Angle of internal friction.
A = 3oy — op. oy: Maximum horizontal stress (max(o,, 0g)). oy,: Minimum horizontal stress (min(o,, og)).

K=da+ b'(B — 2P,). a = 2c- cos (). c: Cohesion. B = o, + 2v(oy — o). 0y: Vertical stress. v: Poisson ratio. Py: Pore pressure.

2( 2 ) 2 2 ’
= 42(4p” —3) + (B* - 4B)(4b" —12).G = K + b'A.

Instability index:  max(P oapse(z) — P(2))
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—_—— Pcollapse (Mogi - Coulomb)
Pressure in the conduit

500“r

Input data and eruptive conditions

1000 Property Trachytic magma Rhyolitic magma

€ | Temperature 900°C 8502C
< 1 Viscosity model Romano et al. (2003) Hess and Dingwell (1996)
§' “ de’ Michieli Vitturi et al. (2010) de’ Michieli Vitturi et al. (2010)
1500111 Unstable zone Solubility model Henri’s law Henri’s law
“ (P < Peoliapse) Solubility constant (o) 7.6-107 (1) 4.1-10°° (2)
| Solubility constant (¢) 0.6 (1) 0.5 (2)
‘l Inlet pressure 115-135 MPa 115-135 MPa
50001 Water content 3.5-6.5wt.% 4.5-6.5wt.%
Conduit radius 5-40m 25 -115m
25000 2|0 4.0 610 Fig. 4. Profiles of conduit pressure and pressure needed to avoid conduit collapse, predicted by Mogi — Coulomb

collapse criterion. They are results of a specific simulation (radius of 35 m, water content of 6.5%, inlet pressure of
125 MPa, rhyolitic magma).
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Conduit radius vs. Instability Index
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Fig. 5. (a-b) Instability index versus conduit radius, for simulations performed with trachytic and rhyolitic magma, respectively. We present here the results related to
simulations with variable values of water content (3.5 - 6.5 wt. % for trachytic magma; 4.5 — 6.5 wt. % for rhyolitic magma) and inlet pressure.
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Conduit radius vs. Instability Index

. (a) 'Il'rachlytic magma | = For given values of inlet pressure and water content,
| é | | ' ~ Unstable conduit | the instability index is a monotonous function of the
T s O = - conduit radius.
= o
= OOO S i i = Critical radius is defined as the minimum radius for
fg 2 &0 @ — ‘ ‘ ‘ avoiding conduit collapse, for given values of inlet
< | O 5 | | pressure and water content.
- - - " |tis also dependent of the magma rheology.
| | | | - Stable conduit tical ] heol
0t s 5 2= 30 3z a0 a5 Critical radius = f(Pjyer, H2 0, Rheology)

Conduit Radius [m]

Fig. 6. Instability index versus conduit radius, for simulations performed with trachytic magma. We present here the results related to simulations with constant values
of water content and inlet pressure.
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Fig. 7. (a-b) Critical radius (i.e. minimum radius for a stable conduit) for different conditions of inlet pressure and water content. Magma composition is indicated in
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Mass discharge rate vs. Instability Index

(a) Trachytic magma 0

0 (b) Rhyolitic magma
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Fig. 8. (a-b) Instability index versus mass discharge rate, for simulations performed with trachytic and rhyolitic magma, respectively. We present results related to a
set of simulations with variable values of inlet pressure (115 — 135 MPa) and water content (3.5 - 6.5 wt. % for trachytic magma; 4.5 — 6.5 wt. % for rhyolitic magma).
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Mass discharge rate vs. Instability Index
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Fig. 8. (a-b) Instability index versus mass discharge rate, for simulations performed with trachytic and rhyolitic magma, respectively. We present results related to a
set of simulations with variable values of inlet pressure (115 — 135 MPa) and water content (3.5 - 6.5 wt. % for trachytic magma; 4.5 — 6.5 wt. % for rhyolitic magma).
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Mass discharge rate and rheology

(a) Dacitic and rhyolitic magmas

Frequency
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Fig. 9. Figure S1. Histograms of eruptive column height of a set of

4 12 20 28 36 44 52 documented explosive volcanic eruptions, for different magma
. compositions. Data have been extracted from the database LaMEVE
COIUm N he|ght [km] [Crosweller et al., 2012].
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Summary

= Cylindrical conduits represent a mechanically stable geometry only for large radiuses.

* The minimum conduit radius needed to avoid conduit collapse (i.e. critical radius) is
mainly controlled by magma rheology and inlet overpressure.

= Rhyolitic magmas need conduits several times wider than trachytic magmas for
developing mechanically stable conduits.

" |t is possible to calculate a minimum mass discharge rate for a mechanically stable
conduit, which is controlled by magma rheology (~3 - 10° kg/s for trachytic magmas
and ~8 - 107 kg/s for rhyolitic magmas).

= Our procedure is easily applicable to specific case studies.
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Supp\ementary material

ae1
ae1
W T =55

where T; is the temperature of the phase i.

(5) % (puay) = —T(_lp) (P2 — P1)

) 1
(6) > (a;prug) = @ (Xq — ng)a1(p1 — Bpc)

a z mix
MNZ(E-2ye B ey — B2 (s, —5))T) = —pg - x]a”pRz— ~—§(uy — up)

a1P1A2P2

8) = (peayBuy) = =5 cyp(B — )

(9) == [xqa1 (p1 — Bpe)us] = — 5 (xa = x5ty (p1 — Bpc)

where t() is the characteristic time which controls the pressure difference between both phases, (% is the characteristic time which controls the gas exsolution rate, x,;
Is the mass fraction of the dissolved gas, x 1 is the equilibrium value of the same parameter, S is the volume fraction of crystals, p, is the density of crystals, & is a drag
factor, j is the continuous phase index (1 or 2), x; controls the direction of the viscous term contribution (1 or —1), 7(¢) is the characteristic time of the crystallization
process, 8¢ is the equilibrium volume fraction of crystals and the subscript [ refers to the liquid component of the system.
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