The Fate of Sulfur and Halogen Gases in a Plinian Volcanic Plume
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MOTIVATION ATHAM Volcanic Particles

. - " : 30 min. of eruption 30 min. after eruption end
Plinian volcanic eruptions inject large amounts of sulfur, water, and Active Tracer High Resolution Atmospheric Model B P
possibly halogens info he siratosphere. Nonhydrostatic model, implicit fime stepping scheme

THE MASS OF VOLCANIC HALOGENS INJECTED INTO i Modules
THE STRATOSPHERE IS UNKNOWN AT PRESENT! + Dynarmics Advection and hermodymamics
Solution of the Navier-Stokes equation
(Oberhuber ef al. 1998, Herzog 1998)
Volcanic emissions in the stratosphere: * Turbulence Entrainment of ambient air
« effect the climate for up fo three years, (Herzog 1998, Oberhuber ef al. 1998)

« destroy sfratospheric ozone « Microphysics Complefe cloud microphysics .
Pinatubo (1991) over Europe, North America and Central Africa: 10-20%. Liquid water and ice s STy d
Feedback on the dynamics included (54 o < 58 .

Halogen species (C, Br, I) (Graf et al. 1999, Herzog et al. 1998, Textor 2000) SR H-o-B-1-15-10-5 0 5 0B 0B 0 B B R T TR TR TR TR SN O

Stance k] To/kal Sistance [in] Torkal

« destroy ozone, Br about 400 fimes more effective than CI (McKinney 1997) « Aerosal Scavenging of Parficles by hydrometeors
Particle growth due to inferaction with « The neutral buoyancy height around 15 km, wellin the stratosphere
Sulfur gases (SO2, HpS) hydrometeors (Textor ef al. 2000)  Sedimentation removes particles from the stratosphere.
«increase the stratospheric sulfate aerosol layer ~30% orfhe
. : - . parficies are deposited 30 min. after the eruption end.
« gerosals strongly increase ozone-deplefing potential of halogen species Simulation Conditions

The eruption conditions correspond 1o he Laacher See volcano.
OBJECTIVES
Model version

« To what extent do volcanic gases from a fypical plinian eruption 2d version, cylindrical coordinates
reach the stratosphere? 126 x 125 grid points

« Which processes in the eruption column determine the 150 x 50 km?, focusing grid (Axqy=50m)
scavenging efficiency?

total HCI, 30 min. of eruption total HCI, 30 min. after eruption end

Simulation fime
METHOD duration of the erupfion

Numerical simulation of the Plinian eruption of the Laacher See Geometry of the volcano

volcano, Germany, 12900 BP, with the plume mode! ATHAM mountain height (ash
diameter of the crater
depth of he crater

Laacher See volcano Volcanic forcing

- . eruption temperature
Characteristics of the eruption eruption velocily

Eruption 12900years 87 (Germany) Jll - mass eruption rafe
Tephra Phonolite fephra, "
inverted, chemically g;"‘p“""’" of the magma o5 « The neutral buoyancy height around 15 km In e stratosphere.
cuptodmett Zz‘zisﬁ"ggg column mrmchsed garmma distribution « Most of ihe HCL stays at the neutral buoyancy height affer the eruption end
Moo Tomperature: 500 950G 2cla 40% radius=25 um + Gas parficle separationis very eficient.

Pressure: 50-200 VPG 60% radius=50 tm .

*Gatancs (i) frmol/ha_ e " dtonce [em] mmal/ia_

H0 43564 wt.%
ylical methods for gas ir ks in cloud water, 30 min. of eruption in rain water, 30 min. of eruption
thods f &, 15455 wi % HCI in cloud water, 30 f erupt Hal ter, 30 f erupt
Synchrotron XRF (HASYLAB, Hamburg) Ha BDEG wi %
Electron microprobe s 259E7 wi %
*e‘r’es"‘ d;sm?v\‘g?[‘s?; fg;z Hy0 saturation experiments (Harms and Gardner,
b e&fppe (@oganrd and Personal communication) Atmospheric profiles — =
Sehmincke, 1988 for temperature and
Estimate of volatile release of F, Cl, Br, I, SO, and H,0 relative humidity

* Chlorine, fluorine, sulfur Midlatitudes H \'
The eruptive release of Cl, F and SO, can not be calculated by applica- winter conditions
tion of the petrologic method (Devine et al., 1994), due 1o a late magmatic (McClatchey 1972)
contamination (prograde fenifization and amphibole and probably
sulfide break-down) (Sachs and Harms, 2000)

* Bromine 5-40-35-30-25-10-15-10 5 0 5 10 15 D0 5 0 B @ 45-40-35-30-25-20-15-10 -5 0 5 10 15 20 5 30 3 &
The clearest evidence for the syneruptive atmospheric emission is pro- Distance [km] fmot/_e] intance f] tma/]
vided by bromine. The mass of Br s defermined by the petrologic method Simulation Results for Hydrometeors

Mass of released F, Cl, 1, SO, and HyO: M= Mg, (Dy/Dg, X(Cy/Cp) 30 min. of eruption HCI in cloud ice, 30 min. of eruption in graupel, 30 min. of eruption

Sl Cloud wa

CefCor = o

Cy/Cq < O (I: below detection limit of SYXRF) # s cw::'m
= 25

Cso2/Cer

Croo/C = 65500/35 = 1871

M:Erupted mass of Br or components x which can be F, Cl1, §O2 or HpO

C:Preerupiive equilborium concentrationsin the melt, represented ot best through
glass inclusions which have the highest concentrations of Br (Cg,=30.. 4010/0)

D: Partifion coefficients between fluid and melt (Webster 1990, Keppler 1999,
Bureau et ., 2000, Dypo = 100/6.55 = 15.27: Horms and Gardner, pers. comm.)
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Release into the atmosphere (Tg)
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B 0.38..039 0.38..039 Total condensed water and ice Verfical profiles

al 115..15.1 6.6 mass mixing ratio (g/kg) moass per height level « HCl is contained in all phases of hydrometeors.

! 52 207D " W S SRS D B G T O EHE « Desplte ifs high water solubility the scavenging by liquid water is not very significant

SO, 18.9..26.2 38  Liquid water exists only in the central rising zone (<1%)
H,O 743...558 403

Theratio of the mass of SO relative fo the volume of the erupted magma Conclusions Distribution of volcanic species in different phases
(19.927.6 Tg SOy, 5.6 km® DRE magmay s similar to the emissions of the For the Plinian Laacher See volcano, which happened in a dry
Pinatubu eruption (>=17 Tg SO, i the stratosphere (TOMS), 37-6.3 km® environment, all gases reach the neutral buoyancy height in ihe SO, @i iR SR CHET D CUEiTn Ene
DRE magma, as cited in Kress (1997)) stratosphere. The injection info the stratosphere is > 99 % of the Total Hal
eruption. The species are partly scavenged by hydrometeors
The scavenging efficiency depends on:
GAS SCAVENGING o ine individual solubility of the species,

" . HCI / HBr: up 1o 40% confained in ice
Solution of gases in water drops high solubilty in iquid water

Kinefics of the phase fransfer+ dissociation of acicic gases in water incorporationinice
(Schwartz 1986)

[E——

Acgqi 50,/ HyS: Up fo 10% contained in ice

ar - - KitCq,imCg,ieq) ow soiubilty in liquid water ; 7
O = [ol) Caqi  CONC. Of species iin water incorporationinice (LT

Cgi  conc. of species iin gas « he amount of hydrometeors in the plume o s
volcanic ions in Cgieq ea:‘s‘g‘ruoj\s o nt In @ wet environment the entrainment of humid ambient nfen Verical profiles o Vetical profies
oas water “ iskodiiabdised air increases the hydrometeor content. This might strongly kmol per height level kmol per height level
. enhance the scavenging of volcanic gases. o (10°mol/m) (10°mol/m)

Incorporation of volcanic gases into ice particles « 1he amount of liquid water
Transfer of volcanic gases proportiondl to water vapour transfer A caignimbrite eruption with a slower vertical velocity
Dominé et ., 1995, Domin and Thivert 1996) might show @ much higher content of liquid water, which
Concentration of gases nice is defermined by e kinefics of condensafion could efficiently remove HC from the atmosphere. « Precipitation of graupel from the stratosphere is insignificant (particle size ~ Tum).

G
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« More than 99 % of the fotal erupted HCI and SO, reach the stratosphere.
«The species are parfly contained inice (HCI up 10 40 %, SO, Up T 10 %).

p— 1 _ Agyq The final amount of volcanic gases in the stratosphere depends HCl
GV = g%y on the fate of the contaminated hydrometeors:
x A «is parfly scavenged by liquid water crops
P“ mean speed of gas « Precipitation would remove species from the stratosphere. in the central fising zone or e plume,

O-Z @ Conc. of speciesiin gas « sublimation releases species into the gas phase.
's Conc. of water vapour

volcanic gas  species in ice fime ste

Sticking coefficient

Mass of voleanic species in the stratosphere
HCI 50,

s

efreezing of these drops fransfers dissolved

In our study, sublimation of ice releases the species back o the gas HCi 10106 partioks,

phase in the stratosphere at the end of the simulation fime,

«HCl Is incorporated in growing ice,
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i i i The stratospheric injection of volcanic gases is determinedt
Transfer of solutes during microphysical processes = e A e B S e o cevslisilen chgeVEelisnz el o D

Time dependent change of chemical species in hydrometeors: gas phase, only ~ 4% stays in graupel
proportional 1o the change of hydrometeors caused by different
processes References 502
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