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Volcanic Explosivity Index

• Devised by Chris Newhall & Stephen Self in 1982
• “Richter scale for eruptions” (note, we don’t use Richter scale

anymore)
• based on volume of tephra, plume height
• often criticized / used for things it wasn’t made to do
• recently revised by Houghton and others (2013, Geology) to

account for small explosive events
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Volcanic Explosivity Index

Newhall & Self, 1982; Siebert et al., 2010

3 / 37



Volcanic Explosivity Index+

Houghton et al., 2013
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Plume Basics

What’s in a plume?

• hot pyroclasts
• magmatic gas
• air

ISS Crew, 2008
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Plume Basics

Francis & Oppenheimer, 2004

HB: height of neutral buoyancy; HT : maximum plume height
(HT ≈ 1.4HB)
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Examples - Karymsky 2008 R. Grapenthin
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Plume Characteristics

Sparks et al., 1997
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Plume Characteristics

Sparks et al., 1997
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Examples - Karymsky

S. Serovetnikov (?)
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Examples - Grímvötn" 2011

B. Oddsson
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Examples - Kliuchevskoy Group 2010 S. Serovetnikov
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Plumes vs. Wind

Sparks et al., 1997
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Plumes vs. Wind
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Plumes vs. Wind

Sparks et al., 1997
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Plumes vs. Wind vs. Topography

Sparks et al., 1997
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Plume Dispersal – Redoubt 1990

Sparks et al., 1997

time in minutes
26 / 37



Plume Dispersal – Mt. St. Helens 1980

Sparks et al., 1997
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Plume Dispersal – Spurr 1992 (4 days)

Sparks et al., 1997
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Plume Dispersal – Pinatubo 1991 (3 months)

Sparks et al., 1997
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Density Variations in Eruptive Mix

Density of mixture (β) given by:

1
β

=
1 − n
σ

+
n
ρ

n, ρ: mass fraction & density of gas
σ: density of pyroclasts
assume gas phase behaves as perfect gas:

ρ =
P

RT

P,T : pressure & Temperature of mixture
R: gas constant, average if gaseous components: air=285 Jkg−1K−1,
CO2 = 185Jkg−1K−1, water vapor=460Jkg−1K−1
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Density Variations in Eruptive Mix

Sparks et al., 1997

Density of mixture (entrained air, pyroclasts, volatiles) function of
entrained air; three eruption temperatures given in Kelvin & constant
water 3%
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Density Variations in Eruptive Mix

Sparks et al., 1997

entrainment coefficients: jet ≈ 0.06; buoyant plume ≈ 0.09 (more
efficient; other models exist)
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Density & Temperature Variations

• initial radius: 50 m
• initial velocity: 100 m /s
• eruption temperature:

1000 K
• initial mixtures 3%

water (mass fraction)

Sparks et al., 1997
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Velocities vs. Vent Radii

Sparks et al., 1997

34 / 37



Eruption Regimes: Velocities vs. Vent Radii

Sparks et al., 1997

Solid curves are labeled with initial mass fraction of water
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Humidity - Vapor entrainment

Sparks et al., 1997

Solid curves are labeled with different relative humidities
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Jet Rise Heights - Vapor entrainment

Sparks et al., 1997

10 m vent diameter with 100 m/s initial velocity, curves for different
particle radii in meters 37 / 37


