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Five aspects characterizing terrestrial

volcanism
Age

— Magma production rate, evolution of planet
Volume

— Magma strage, eruption triggering

Style

— Behavior of ascending magmas, explosivity
Chemistry

— Magma genesis, magma rheology

Place

— Tectonic setting, subaerial vs submarine



Key process
Melting (vs crystallization)

1. Heat source
» advective transfer
» tidal heating

2. Volatiles
» reducing melting temperature
> explosivity



VEI (Volcanic Explosivity Index)

TABLE 1. Criteria for Estimation of the Volcanic Explosivity Index (VEI)

Criteria VEL: 0 1 2 3 [ 5 1 8
DESCRIPTION non-explosive small noderate mod-large large very large
VOLUME OF EJECTA (M) <10 10%-10° 10507 107-10° 10%-10° 10%-10'® 10"t >10t?
(TSUYA CLASSIFICATION)+ (1 (11-111) (Iv) v) (vi) {(VII) . {virr)  (IK) =--------
COLUMN HEIGHT (KM)* = 0.1 0.1-1 1-5 i-1s 10-25 =15 ————
QUALITATIVE DESCRIFTION =—-"gentle, effusive"-- =====guplosive " =—————— ————="cataclysmic, paroxysmal, colossal"--
“gevere, violent, terrific™ -— ——
CLASSIFICATION ————— "Strombolian®- ~eee-=="Plinian"
------- "Hawaiian "Yulcanian"—-—-—-==—===  ececeee-"ltraplinian®
DURATION (hours] = == 2] e —————— -— =12
of continuous blast 1-6
6-12
CAVW MAX EXPLOSIVITYdw# ~-lava flows= ====sme=m———e—- —explosion or nuée ardente
=——————phreatic———— BAsssssMbEEEEIEEEEEEEATELIEE IR S ARG Ry
=—e—=gdome or mudflow---
TROPOSPHERIC INJECTION negligible minor moderate substantial--—----
STRATOSPHERIC INJECTION none none none possible definite eignificant

+#I1f all eruptive products were pyroclastic ejecta
*For YEI's 0-1, vees km sbove crater; for VEI's 3-8, uses km sbove ses level.
**The most explosive activity indicated for the eruption in the Catalogue of Active Volcances

Criteria are listed in decreasing order of reliability.

10°m3@Lava flowlE ESHATITTA X T HDH

Newhall and Self (1982)

BII(1993)IFE XTI Y —F 1 —FZIRIB : M=logm-7, m (kg) (Manson et al 2004)



Eruptions per Ma
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Eruption styles
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Styles of eruptions
Column height, duration, volume

Volume=(Discharge rate)x(duration)

Eruption height

A
High discharge rate Plinian
10 km
lxm Strombolian
Vulcanian
Low discharge rate
Lava flow, dome

second days >

Duration



Energy source of explosivity
Solubility of volatiles
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Essence of Conduit flow as

Compressible fluid
1D & inviscid
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Pure phase sound speed
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Dynamics of Plinian eruption

“—Convective region
N
£ . Entrainment of air
[ ML DERDI) A

Gas thrust region

From Volcanism (Schmincke )
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Eruption column dynamics
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Rheology .... important, but

Basalt Andesite | Dacite = Rhyolite

Newtonian Rheology

Viscosity (Pa s)
)
N

log (Viscosity)

S107 wt%



Non-Newtonian rheology
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Volcano types

Stratovolcano R N L

— BA(lava)E XEE¥(pyroclast) A (& VIRLIEHLT) BERL= XL : EX LU,
RE.FEXE

— ~100yrs, ~1 km3, Effusive/Explosive, Andesite, Island arc
Caldera HILTS

— RENDTIIE—ZITEHLIEZ=OICELI=H T OZERHMEE :FIZE. [
R, TF0H. &k, 18 R

— ~10000 yrs, ~10%<103km?3, Explosive, Dacite-Rhyolite, Island arc
Shield volcano #&1k A LU
— HEDENVEERNMEDNWL : /NTA
— ~1yrs, 0.01 km3/day, Effusive, Basalt, Hot spot
Lava dome &8 mk—L4
— HEDEWAENIFEAERNSZEG<EEY LS  BFIHTIU. FERcETIL
— subsidial with stratovolcanoes

Flood basalt j&&ER
— REDBERN—RIZEH T 5 : Columbia River Basalt, Decan Basalt
— ~10-100 Ma, 103 km3/day from fissure, Effusive, Basalt, Continent with hot spots



Stratovolcanoes

e Sakurajima

1. Historic eruptions : Plinian=>Lava flow
2. Current eruptions: Vulcanian

e Kirishima Shinmoedake 2011

Plinian= Vulcanian + Lava flow
* Pinatubo 1991

Plinian
* |zu-Oshima 1980

A) Hawaiian=Strombolian=Lava flow
B) Plinian+Strombolian
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Eruption history of 1zu-Oshima
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Cumulative discharge mass (1010 kg)
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Fig. . Cumulative changes in magma discharge
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for periods Q-L and L—A, respectively.
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Simplest predictable cases

Time predictable case Mass predictable case
@ 2
S = o«
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0 E
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£ E _
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Time i
HAENDEHENHLMNDSERDENFE EXERENHONSEERENTFRITES
TORENFRTES Mass of the next eruption is predictable if
Time to the next eruption is predictable the time of the eruption is given.

when the mass of the last eruption is given.

Master curve: X Ao BH 3




Time predictable vs Mass predictable

Volume are fixed for the
condition of eruption onset
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Caldera

c AiralGBHILTS
(Precursory) Plinian Fall (Column collapse)

= Pyroclastic flow + Co-ignimbrite ash ([T =2
)
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Plintan umbrella cloud

( d ign itrn';l'pri)te ash



5.5mm
http://blogs.yahoo.co.jp/kuromamegawara/MYBLOG/



Shield volcano

e Hawali
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Curtam of fire along the northeast nift zone of Mauna Loa Volcano; the view is 1o the south. The height of the fountain
is approximately 25 m (March 25, 1984, R.B. Moore)
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Dry Falls







Lava Inflation

mechanism for lower effusion rates

Breakouts (hours)

a

Inflation (days—years)

coocling-induced ‘
fracturing

N\

----

1 brittle crust

visco-elastic
layer
moiten core

Stagnant freezing
(months—decades)

socond bolling in

_
— e e e 3 Yy, . | Basal crust

Figure 13. Schematic cross sections of emplacement of a generic inflating pahochoe sheet flow. Vertical scale varies from 1-5
m for Hawaiian flows to 5-50 m for the CRB flows. (a) Flow arrives as a small, slow-moving, lobe of molten lava held inside a
stretchable, chilled viscoelastic skin with brittle crust on top, Bubbles are initially trapped in both the upper and basal crusts. (b)
Continued injection of lava into the lobe results in inflation (lifting of the upper crust) and new breakouts. During inflation,
bubbles rising from the fluid core become trapped in the viscoclastic mush at the base of the upper crust, forming horizontal
vesicular zones. The growth of the lower crust, in which pipe vesicles develop, is much slower. Relatively rapid cooling and
motion during inflation results in irrcgular jointing in the upper crust. (¢) After stagnation, diapirs of vesicular residuum form
vertical cylinders and horizontal sheets within the crystallizing lava core. Slow cooling of the stationary liquid core forms more
regular joints. (d) Emplacement history of flow is preserved in vesicle distribution and jointing pattern of frozen lava,

Self et al 1996



Important questions

 What control the style and volume of an
eruption?

 What control the exit velocity?

* How are magmas stored in the crust and
transported to the surface?



Nitrogen geyser

moon of Neptune






Enceladus

moon of Saturn

Kieffer et al (2006)
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Phase diagram with triple points
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Castle geyser, Yellowstone, USA
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Long-term behavior of natural geysers:

Time-predictability

a
Old Faithful, Yellowstone L

It's a very lucky case with the simplest system
of mass and energy conservation

long

(a}

ERUPTIONS

short two periods

short

RELATIVE FREQUENCY

L e i I l i i L
2.0 3.0 4.0 5.0 6.0 40 &0 a0 100

| ~10D +30 [mm (Kieffer,1984)
| :interval = eruption to eruption

D : duratien.= one eruption
Proxy of erupted mass ]



../../../Users/owner/Videos/Oldfaithful9月 21日, 2010年.wmv

Temp. variation Tephra/Lava ratio

Count
ww
s N
ile i

Explosivity
increases with
erupted mass

Erupted mass fraction is
negatively correlated with .

Count

Count
o

375 3745 374 373.5 373 = .
1.0} | | e [ fraction.
e — e
- 0.8 @ Erupted 1.0,
ke .
S os. S E)fpé;):ll\éfuer;p;ted Non-explosive parce
- = . =Lava flow
G 0.4 £ 06
= 7
0.2 S 04
0 Tephra
0.0 i 0.2 -
g — ' Explogve parcels
Standard 0.0 | |
00 02 04 06 0.8 1.0
Caldera formation Typical andesitic volcanoes Total erupted mass

Large mass with small tephra/lava flow ratio implies large volume remaining in chamber.
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Eruption stage
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Viscous liquid with CO2
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Transportation of magmas in the crust

dyke & magma chamber
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