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Gas content, exsolution and segregation from magma strongly influ- g Model, assumptions and equations

ence the dynamics of a volcanic eruption. Recently, magma compaction

N o Steady-state mass conservation of magma and compressible gas _ _

as been shown to exert a control on gas content and segregation in Comparison with

viscous silicic magmas (Michaut et al, 2009) although gas decompression W, (1 —¢o)(1 — Xo) where:  Bm = Pm/Pa0

and exsolution were neglected. Dynamics of magma and gas mixtures in WO — ( )( - X) | Aﬂ;u B ,;2’ _g "

volcanic conduit are often studied using homogeneous models, where both o m g 1- Homogeneous flow (no phase separation): Aw=20
phases move at the same velocity, or two-phase flow models, where both % - (1 _ 950)(-- — XO) ol - 3 I —¢o X — Xo Pg = PQOQ | |

phases are at the same pressure, hence where no compaction occurs. Wo  (1—-0¢)(1—-X) 0 L m fop 1—X Same equations for w,, and (E2), 6 given by:

However, compaction and inter-phase drag influence gas pressure as well & (1 B gb) (1 B X) (1 B gb) (X B X)
as gas exsolution and decompression; and hence they exert a control on Steadv-state 1-D di onl " : @ dd _ H — 0 - B 0

gas velocities and eruption dynamics. eady-state 1-D dimensionless equations for magma compaction and decompression b (1 _ 6,50) (1 _ XO) b (1 _ XO)

In order to study this complex interplay between compaction, exsolution,

where we use a drag coefficient deduced from a micromechanical model c = c* (;51/3 _ 3im pl/?

Exsolution, Compaction, Decompression

inter-phase drag and decompression and its influence on gas and magma based on Stoke’s law for a constant number of bubbles: bg 9. Sinal ¢ hase fi tion): AP = 0
dynamics, we extend the two-phase flow theory of Bercovici and Ricard | | | A Qi duwn, - Single-pressure two-phase flow (no compaction): AP =
(2003) to take into account gas exsolution from magma matrix as well as adifference in pressure between phases given by: AP = P, — Py = 34172 dz Same equations except for (E2) where n=0

ges eompressloliy, G §o|ub|||ty 'S ConSId.e.rec.j e E funC’Flon o gaS 0 a dissolved gas fraction X given by the solubility law: X = sPY = X306 with v=0.5 (H,O in rhyolite)

pressure only and exsolution occurs at equilibrium. The gas is considered o, W, X p., g9 0.7 (H.O in basalt)

perfect and is in the form of bubbles; the drag between phases follows X: dissolved gas fractioi - For magma and gas
Stoke's law, assuming a constant number of bubbles. ¢: gas volume fraction @ — _H4 OmD (1= ¢o)(1 —Xo) o - 3 1 —¢o A — Xo Dimensionless numbers : mixtures:

We identify two dimensionless numbers: the first one characterizes the P'_ Pr?ts_,sulre o (E1) dz gf)2/3 (1—0¢)(1 - X) 0o 0o 1—-X Viscous resistance to L Wog . B
viscous resistance to flow and compaction; the second one characterizes - Y?nallca:n;/evioscclo};it I 127" flow and compaction = 3pmCA 107 <n <10
the drag between phases. z[‘"aensﬂy Y (E2) 7 d (1 B qﬁ) 14 ¢ d (1 - XO)(l _ QbO) 1 db —1— ¢+ 0

: .. : ' _ : IR - - * 3t W

We start with a negligible gas volume fraction and compare the results b,: characteristic bubble radius dz pl/2 dz (1—-X)(1-9) Om dz Bm Dimensionless Drag  |) — fO—W; = E)‘Lép 90 0.1 <D <108
of steady-state two-phase flow models with two limiting cases: C,: gas sound speed 2 o
homogeneous flow and single-pressure two-phase flow. subscripts g: gas, m: magma with n=1, and height nondimensionalized by: L = o

0: values at z=0
Effect of 1 Effect of compaction Effect of drag, comparison with homogeneous flows
comparlson W|th single-pressure flows _
. .
n=10"2
] 0.8 — D=0.1
: N --- D=1 .
: - —— Homogeneous (D>1000)
r e)
: 5 06
\ i
' S :
2 =
= = 04
= 2
S
02} 02
n=10"12 n=10"2 n=10"12
oLt —D=0.1 —D=0.1 ' —w _,D=0.1 O0 0.2 0.4 | 0.6 OI.8 | 1
- b=l ==-D=l. — Wy D=0.1 Gas Pressure / Density 6
— Homogeneous — Homogeneous —w, Homogeneous
0 00 30T 0608 1 o 05 | s 0 0004 0008 0012 0 o e o oo oo R T e S For a given gas pressure, ¢ is smaller for smaller D.
0 0204 0608 1 0 0.5 115 0 0004 0008 0.012 Gas Volume Fraction Gas Pressure / Density' Dissolved Gas Fraction Gas Volume Fraction  Dissolved Gas Fraction Velocities TUEEE, el 2 GIVE @A) [pressui 2imel Il veleile
Gas Volume Fraction Gas Pressure / Density Dissolved Gas Fraction & 0 X & % fraction, there will be less gas at the exit for a two-
¢ 0 X . . . i
Starting with nealigib|  of aas | ut 4 Compaction leads to larger gas pressure at a given depth, hence it delays As the amplitude of the drag decreases, gas velocity increases and gas expels bhase flow relatively to a homogeneous flow.
arting with negiigible amount of gas In magma, gas exsoiution an exsolution. The increase in gas content with height is smaller relative to a more rapidly. But, for smaller D, gas pressure (6, hence X) is lower at a given
decompression oceur over a characteristic distance that decreases with 7. single-pressure flow, but, for ¢ =0, the difference decreases as 7 increases. height, and decompression and exsolution occur then over a shorter distance.

Application: amount of water for an exploswe eruption,
example of Venus 20

On Venus, the atmospheric
pressure is large: P_ =9 MPa,
and prevents extensive gas
exsolution and decompression.

Conclusions
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Compaction delays gas exsolution and decompression, as in the case of two-
phase turbulent flow of gas and ash mixtures (Bercovici and Michaut, 2010), but
this effect becomes negligible for relevant magma viscosities, if ¢ =0
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Bercovici and Ricard, 2003, Energetics of a two-phase model of lithospheric

damage, shear localization and plate boundary formation, GJI 152,
581-596, 2003.

X=6.8 10® P%" (for water in
basaltic magmas)
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As the inter-phase drag decreases, gas velocity increases and gas pressure

u =1Pas

p.=2900 kg/m?®

$,=0

g=8.87 m/s?

C92=4.6 10° m?/s?
Exit Condition:

$=15% at P=P__

decreases, increasing exsolution and leading to a more rapid volatile expel from
magma.
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Bercovici and Michaut, 2010, Two-phase dynamics of volcanic eruptions,
compaction, compression and the conditions for choking, in press GJI.
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W For a given_ exit pressure and dissolved v.olatilel fraction the two-phase model leads Michaut, Bercovici and Sparks, 2009, Ascent and Compaction of Gas-rich
= to a decrease in the amount of gas at the exit relatively to a homogeneous flow, and Magma and the Effects of Hysteretic Permeability, EPSL 282,

-3 52 hence more dissolved gas is required for an explosive eruption. Explosive eruptions doi:10.1016/}.eps1.2009.03.026, p. 258-267.
Initial Velocity W, (m/s) are thus even less likely to occur on Venus.

The amount of water dissolved in basaltic magmas required for an explosive eruption on Venus Lowlands is much
larger for a two-phase flow than for a homogeneous flow (~ 2.44 wt%), for relevant values of initial velocity and
drag coefficient: explosive eruptions are definitely unlikely.

Initial H O dissolved fraction (wt %)
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