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OUTLINE

> Overview of volcanic activity

> Volcanic gas

> Dynamics of volcanic plumes

> Sedimentation from volcanic plumes

> Case study: 2010 eruption of Eyjafjallajokull volcano, Iceland
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Broad Overview
of Volcanic
Activity

Solubility of gas is pressure-
dependent. As ambient P
drops during ascent, gas
exsolves and bubbles nucleate
and grow — vesiculation

Bubbles grow by diffusion,
collision/coalescence, and
decompression

e Relative roles depend on
magma viscosity, ascent
rate, bubble size population

When fragmentation criteria
are met, fragmentation occurs

Expanding gas phase
accelerates fragmented magma
out of the vent
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EFFUSIVE VOLCANISM
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«emplacement
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Volcanic Gas %%

Stratospheric aerosols
|(Lifetime ~ 1-3 years)

Tropospheric aerosols
(Lifetime ~ 1-3 weeks)

Photochemistry; oK
Injection Ml?,“

hv

Most abundant gas:

> water vapor (H,0)

> carbon dioxide (CO,)
> sulfur dioxide (SO0,)

> hydrogen sulfide (H,S), hydrogen
(H,), carbon monoxide (CO),
hydrogen chloride (HCL), hydrogen
fluoride (HF), and helium (He)

e.g., Eyja 2010: 80% H,0, 15% CO0,, <3% SO,

S0, — global cooling, ozone
destruction, and polluted air (vog)

(<20 to >10 million tonnes/day)

e.g., Pinatubo 1991: ~20 million tonnes
Kilauea 2002-2006: ~2000 tonnes/day
Eyjafjallajokull 2010: ~3000 tonnes/day

— conversion of sulfur dioxide
(SO,) to sulfuric acid (H,S0,) —
SULFATE AREOSOL


http://volcanoes.usgs.gov/Imgs/Jpg/Kilauea/30410914_045_large.jpg
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FAHIMLTE Cf% SOCRCES

1. Eruption style
Explosive vs Effusive eruptions

2. Magma volume & chemistry
Large eruptions of sulphur-poor
magma are less significant than

sulfur-rich magmas;

e.g. Mt St Helens - sulfur poor -
b negligible global effects
Pinatubo 1991, Indonesia 3. Latitude

Proximity to the stratosphere: smaller eruptions at high latitude can inject as
much SO, into the stratosphere as larger eruptions at lower latitudes

Stratospheric dispersal: Aerosols from tropical eruptions have the potential
to spread around the globe (e.g., Pinatubo 1991). Atmospheric influence of
eruption outside the tropics is contained within the middle and polar
latitudes of the hemisphere of origin
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- STRONG PLUME
Wind speed <

20 m s-1 b e
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Wind direction

;”g[, %_D —  Umbrella region
Iz & / / i =
Level of - o]
;’ neutral ? & 7_\3:\ \ a:::“‘* —
l’ buoyancy ‘/“// L - oy \’\- —.\;"‘“‘“——-__,_ =
/ o -
/ L ///‘) |
: DS
(Frvemeli==! / — 0-2 H
0 Convetctive \ / G 7
ascen
,l _// . Y
/ Plume
/ g\
: Gas
= Atmo- thrust
/ sphereﬁ\\
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' __level of fragmentation

’»f_‘-'i__,shea ring of rising magma

; . . Gas exsolution, formation of bubbles
Volatiles dissolved in magma

Column height: <45 km

Initial velocities: <400 m/s

Duration: minutes — hours - days

Characteristic features: sustained, high columns, ~ steady
Typical solid mass: 101 — 1015 kg

Typical mass flow rate at vent: 105 — 10° kg s



Steady eruption plumes:

5 UNIVERSITE

s/ DEGENEVE MASS DISCHARGE RATE
The final height is a function of the rate of release of energy,
which is in turn related to the mass eruption rate
Ht — 82 Q0'25 — Q = volume flux (m3 s) Wilson et al. 1978
Ht (km)= 0.236 [MDR(Kg/s)]"4 Wilson and Walker 1987
— (70% of tot magma heat is transferred to the cloud)
50( T
o s 3504 ff !
. sok. w0 saop,/ 150 Woods 1988 vs Wilson and Walker 1987
401© - 4 L [ !:
= ,-"r ol — hotter plumes go higher for a same MER
% s
0 1 1 1 1 I
10° 10° 10’ 10° 10° 10"

Mass Discharge rate [kg/s]
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FAHIMLTE Cf% SOCRCES

) » Magma ascent and vesiculation
Discrete thermals do not keep up with fragmentation

> Vent conditions are highly unsteady,

transient & short-lived
» Ejecta and explosion velocities on the order
of 100’s of m/s
» Mass erupted for individual events
is much less than for Plinian

[ ey G|
Discrete thermal plumes develop
when the buoyant source is
released instantaneously, or
release is sufficiently rapid such
that the time of release is much
shorter than the ascent time to

neutral buoyancy. ; Ht = 'Y [M]1l4
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Buoyant Plumes in a Cross Flow

»The presence of a cross flow increases complexity, and the plume
exhibits a variety of vortex structures

»They are typically confined to the troposphere

Counter-rotating
vortex pair

A
Jet shear-layer \\. /— )
vortices _ \\‘ \s "

Fric & Roshko 1994
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B — volcanic plumes

WEAK PLUME

CLASS 1 — coarse fragments (>1m)
ejected from the jet (ballistics).
Typically <4km from vent.

CLASS 2 — convective region (2-10cm).
Typically <15km. X, = 0.2 H,

CLASS 3 — umbrella cloud (<2cm)

CLASS 1 — Blocks and bombs (>6cm).
Typically <0.5km from vent.

CLASS 2 — bent-over region (0.1-6cm).
Depends on plume energetics
(e.g. Ruapehu 96: 30km from vent)

CLASS 3 — horizontal region (<0.1cm)



UMIVERSITE
DE GEMEVE

PATULTE OC% SOCRCLS

080
o Oo o
erd)

Sedimentation from
volcanic plumes




UMIVERSITE Sedimentation from
DE GEMEVE

volcanic plumes




UNIVERSITE Sedimentation during the 2010 EEREEE
e Eyjafjallajékull eruption ji—

Thermally-derived
plume velocity

- FLIR A-20 Uncooled Thermocamera
- 50 frames per second at 16 bits
- Distance from the vent — 8.2 km
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T razuLrt oo sommes Eyjafjallajakull eru ption ———
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Particlés: 110um

oy .
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10 km, 5 May 2010

56 km, 6 May 2010
20 km, 4 May 2010

Particles: 2-40um Particles: 0.6-1288m

Sty -
- 10pm EJ1B 04.08.2010 I 100pm EJO& 06.08.2010
X 300 15.0kV SEI SEM WD 9.1mm 17:44:39 X 250 15.0kV SEI SEM WD 10.1mm 09:59:10
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Sedimentation during the 2010 S5
Eyjafjallajokull eruption

PHI
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Sedimentation during the 2010
Eyjafjallajokull eruption
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CONCLUSIONS

» Huge amounts of volcanic gas (mainly H,0, C0,, S0,), aerosol droplets, and ash are
injected into the atmosphere depending on activity style, magma type and volume,
latitude.

» Dynamics of volcanic plumes mainly depends on magma gas content, magma
composition and interaction with the wind field.

» Wide range of particle size in volcanic plumes (>1m to <lum), but only particles
<20mm (strong plumes) and <1mm (weak plumes) reach the horizontally spreading
current.

» Residence time of small particles (<63 um) in the horizontally spreading current is
controlled by particle aggregation.

» Ground-based grainsize from the May 2010 Eyjafjallajokull eruption ranges between
8mm-0.1um with a mode ~500 um (between 2-56km). MSG-SEVIRI retrievals have
revealed small particles (4-8 um) in the Eyjafjallajokull cloud up to 1000 km.

» Ground-based grainsize distribution is time consuming. Space-based remote
sensing retrievals provide real time grainsize information but for a limited size range.
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nts of sulfur per unit mass than more evolved magmas

Fire fountains from Kilauea
volcano in Hawaii
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km >80% of volatile mass
15

. 0

tropopause
H.O, CO,, SO,
-5 z/ XHCI' HF5 <15% of volatile mass
| \/ | N local haze
vents lava flow ==

gas supersaturation as
magma rises to surface

Laki (1873) eruption was both tropospheric and stratospheric.
Thordarson and Self (2003)
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Sedimentation during the 2010 |

Eyjafjallajokull eruption
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Stratospheric aerosols
(Lifetime ~ 1-3 years)

backscatter

absorption
(near IR)

forward scatter

on cirrus
clouds

piore

Tropospheric aerosols Downward
(Lifetime ~ 1-3 weeks) R Flux
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Explosive volcanism

| Emission rate (Tg a™)

Reference
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Cs,

CO,

co
CH,

BrO

0.24
~700
0.7-8.6
0.06-6
2.6-43.2x10°
3.3x107
1.2—170
0.4-11
1.5-37.1
0.21

2.8

7.5-10.5
7.8

10.0
13.0
13.4

156.2

18.7

20.0
10°-0.3
0.022
6x10°-0.09
0.3

10°—4x10?
0.022
0.3

100-500
65

0.02
0.34

0.03 (Br)

Cadle (1980)

Stoiber (1995)
Halmer et al. (2002)
Symonds et al. (1988)
Halmer et al. (2002)
Stoiber et al. (1983)
Halmer et al. (2002)
Stoiber et al. (1987)
Halmer et al. (2002)
Bandy et al. (1982)
Andres and Kasgnoc
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Cadle (1975)
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Bluth et al. (1993)
Andres and Kasgnoc
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(1983)

Stoiber et al. (1987)

Graf et al. (1997)
Halmer et al. (2002)
Bandy et al. (1982)
Belviso et al. (1986)
Andres and Kasgnoc
(1998)

Halmer et al. (2002)
Bandy et al. (1982)
Andres and Kasgnoc
(1998)

Gerlach (1991)
Williams et al. (1992)
Cadle (1980)

Cadle (1980)

Bobrowski et al. (2005)



http://volcanoes.usgs.gov/Imgs/Jpg/Kilauea/30410914_045_large.jpg

) UNIVERSITE

' DE GENEVE

PATULTE OC% SOCRCLS

Explosive volcanism
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terminal

Reynolds number (Re):
Re =(d *v¢ * p¥n

d = particle diameter (pm)

vt = terminal velocity {cm/s)

p = density of the atmosphere (gicm3)

1 = viscosity of the atmosphere (g/cm-s)

Larivay |'how Lxamiple. 1o

Twimlent Hww Example. Flos: § is in upward dircetinn.

iz in upnaed dinclion.



http://www.geo.mtu.edu/volcanoes/vc_web/background/graphics/turbsm.gif
http://www.geo.mtu.edu/volcanoes/vc_web/background/graphics/laminsm.gif

UNIVERSITE Strong Plumes from
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Large basaltic fissures

Potential climatic impact

— Basalts carry higher amounts of sulfur per unit mass than more evolved magmas

30
Potential climatic impact for
e Ht > 10-15 km
<
= 20
= Low-latitude tropopause
‘©
E qpltropopause
& FF cooling of 50%
TFioza flow Use of 1 ar]d 20% of the
N ’ | | energy in fine ash
0.01 0.1 1.0 10 100

Volume eruption rate (m 3 g1 m'1)
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Co-pyroclastic flow plumes
Example of Montserrat

H — 1 89Q 0.25 Fleight of a volcanic tr errrul r“

In the troposhpere

Excess thermal mass

jginere Q= fx M xCx AT
wf . - iy _

mass fraction Plume mass
capable of

~ | losing heat to
.| the plumes

Initial temperature
contrast

-

Specific heat ¥
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Vulcanian plumes
Example of Montserrat
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0.25 e
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