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Can you predict the location of volcanoes?

|

We learned from
Chapter 5 that
magma (and lava)
can be felsic,
intermediate, or
mafic. How does
magma chemistry
influence the nature
of volcanic
eruptions?

There are three common
types of magma:

BASALTIC

ANDESITIC

Andesitic magma erupts explosively because
it tends to have high gas content. It is
viscous and therefore traps gas, builds
pressure and explosively erupts. High
viscosity is related to high silica content

RHYOLITIC

Mount St. !-Ielens, 1980
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What is causing this eruption?
What factors influence its character?
~

“A volcano is any landform from which lava, gas, or ashes,
escape from underground or have done so in the past.”

There are three common
types of magma:

BASALTIC

Basaltic lava flows easily because of its
low viscosity (low gas content). The
low viscosity is due to low silica content.

Aa - rough, fragmented lava

ANDESITIC blocks called “clinker”

RHYOLITIC

Pahoehoe - smooth, shiny, and
ropy surface

There are three common
types of magma: o

BASALTIC
ANDESITIC
RHYOLITIC

Rhyolitic magma erupts catastrophically because Rhyolitic lava flow
it has high gas content. It is viscous and therefore

traps gas, builds pressure and explosively erupts.

High viscosity is related to high silica content —an

abundance of silica polymers (chains etc.) leads to

the high viscosity.
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Comparison of common magma types A are
afueled by violent
releases of
TABLE 6.1 Magma Types -] Volcanic gas
Magma Silica Content Gas Lava Examples ¢
Type Composition  and Viscosity Content  Explosivity ~ Temperature of Volcanoes
Basaltic Mafic Least, ~50% 0.5%-2%  Least Hottest ~1100°C  Mid-ocean ridges; plateau
(thin, runny) 0 1200°C basalts like Columbia
Plateau; Hawalian Islands
Andesitic Intermediate Intermediate, 3%-4% Intermediate Cooler ~900°C ‘Mount St. Helens,
~60% 10 1000°C ‘Mount Rainier
Rhyolitic Felsic Greatest, >70% 4%-6% Greatest Coolest ~700°C Yellowstone volcano
(thick, stiff) 10800°C

1000s of <

meters

Pyroclastic debris,isépEos jeivb\/exploswe eruptlon

Tephra = airborne
Pyroclastic Flow =
gravity-driven down
the slopes

Plinian-style
eruption

A cataclysmic

) Plinian-style
L :m’"“"‘ eruption
(schematic
; drawing)
Stratovolcano
Reunion Island EFFUSIVE
ERUPTIONS

RELATIVELY FLUID LAVA
FLOW

DETERMINED BY:
* viscosity (low)

http://dsc.discovery.com/videos/ultimate-guide-to-volcanoes-pyroclastic-flow.html|

« temperature (high)

« gas content of magma

http://www.youtube.com/watch?v=yjL7UjogUal
(low)
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Volcanic products?
Lava, gas, pyroclastic debris

Gases released from a volcano can be as
deadly as the hot, fiery lava.

TABLE 6.2 Percent Volcanic Gas Content at Three Volcanoes
Kilauea, Hawaii Erta Ale, Ethiopia Momotombo, Nicaragua
(basaltic magma, 1170°C, (basaltic magma, 1130°C, (andesitic magma, 820°C,
Gas hotspot, ) )
H,0 371 772 97.1
<o, 48.9 ns3 144
50, 18 834 050
H, 0.49 139 0.70
<o 151 0.44 0.01
HS 0.04 0.68 0.23
HCl 0.08 0.42 2.89
HF = - 0.26
R.B. Symonds, W. . Rose, G. Bluth, and T. M. Gerlach, Results, " In M. R, Carvoll and J. R.
Holloway, eds... 3019947 1-66,

Volcanoes can be classified into 6 major types

TYPES OF PYROCLASTIC DEBRIS based on their size, shape, and origin

Large igneous province

Large-scale Volcanic Terrains

Mid-ocean ridge no central vent
Large scale network of source material
volcanic .
Monogenetic field terrains generally massive

PUMICE VOLCANIC BOMBS

a = Shield volcano

Central Vent Volcanoes
— Rhyolite caldera "
complex Central central vent

Andee stratovolcano o summit crater
*i flank eruptions

LAPILLI : , . : fissure eruptions
- W 0 ! kilometers ! 105 of ! 100s of
e : . - kilometers kilometers
VOLCANIC BLOCK WELDED TUFF Approximate diameter at base

COMPARISON OF SIX TYPES OF VOLCANOES SHIELDVOLCANOESARE ATYRE OF
' CENTRAL VENT| VOLGANOG.

TABLE 6.3 Types of Volcanoes
Type Shape Magma Type Tectonic Setting Example
Central Vent Volcanoes
1. Shield volcano Large volume, gentle, Basaltic, low-silica  Mid-plate setting (most  Mauna Loa Volcano,
low-angle slopes often) or variable setting  Hawail
2 Tall, Andesitic, silica-rich  Convergent boundary Mount Pinatubo, Mauna Loa
orstratovolcano  often irregular outline magma at (usually) Mount St. Helens
and rugged dome areas
3.Rhyolite caldera  Low-relief system of Rhyolitic, silica-rich
complex Park
Large-Scale Volcanic Terrains
4. Basaltic, low-silica Alask
<cones, occasional isolated midplate
stratovolcano
5. Large igneous High plateau, Basaltic, low-silica oft
province massive volume midplate or continental  Washington
(100,000 k), margin
many layers of lava, no
single distinct mountain
6.Mid-oceanridge  Broad slopes on long, Basaltic, low-silica
finear ridge with central spreading conteralong  Pacific Rise
rift valley mid-ocean ridge
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Hawai‘i

* Eight main islands are exposed tips of the Hawaiian Ridge.

 Age range is modern to ~6 million years old.

* Volcanoes develop on the Pacific Plate as it moves across the Hawaiian Hotspot.

H
Hawai
* Hawaiian volcanoes progress through pre-shield Lo'ihi, shield Mauna Loa and
Kilauea, post-shield Mauna Kea, Hualalai, and Haleakala, erosional Kohala,
Lana‘i, and Wai‘anae, and rejuvenated Ko‘olau and West Maui stages.
« As the islands age, they erode and subside, becoming atolls and seamounts.

Kauai Oahu  Ages given in
i 1457 18-38  millions of years
Loihi Seamount s -
- i A 1318 Maui

o4t
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Shield Volcano

* Lowsilica, low gas magma originates in the mantle.
¢ Fluid, basaltic lava results in “Aa” and “Pahoehoe”.
* Low viscosity creates broad, gentle slopes.

* Sometimes, Phreatomagmatic eruptions (rapid expansion of steam) occur
when lava contacts water.
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Maps of tte»’seabﬂoor indicate ﬂ’ﬁ.@ive landslides have occurred
S
<

Our islands are carved
by massive landslides

Measurements show
the south flank of Kilauea is
moving 10 cm/yr to the SE

1975 Kalapana quake shifted
the flank 8 m horizontal
and 3 m vertical

Over 17different landslides have
been identified

Koolau reconstructed

Will the south shore of the Big Island slide?...it already is!




Atoll formation

Cinder Cones

< high lava fountains on the vents
of shield volcanoes.

Pyroclastic Crater
debris

* composed of pyroclastic debris.
« caused by high gas content.

Parti
melting

FEATURES OF STRATOVOLCANOES
(composite volcanoes)

* Alternating
andesitic lava
flows and layers
of explosively

Andesite lava flow
Pyroclastic
flow

Layers of lava

ejected and pyroclastic
pyroclastics. debris
* Magmais

intermediate,
making the lava
viscous and
difficult to erupt.
* Explosive
eruptions due to
buildup of gases.

Volcanoes can be classified
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into 6 major types

based on their size, shape, and origin

Large igneous province

Mid-ocean ridge

Large scale
volcanic
Monogenetic field terrains

-

a Shield volcano
R o
Central

complex

Cinder Stratovolcano
cone ‘ volcanoes
B |

| I |

o kilometers 10s of 100s of
kilometers kilometers
Approximate diameter at base

Composite Volcano or Stratovolcano

Large-scale Volcanic Terrains
no central vent
network of source material
generally massive

Central Vent Volcanoes

central vent
summit crater
flank eruptions
fissure eruptions

-—cci

Mbunt Mageik,
Katmai National Park



slrregular outline from past explosions
sAndesite magma
elatively high silica content

Pressure builds behind
the plug until it blows...

What happens when

the plug is blown? Sticky silica-rich

magma controls
volcano shape,

explosivity, and
behavior

Plinian-style
eruption...don’t stick
around to watch

IMajor atmospheric impacts

Volcano is blasted to pieces

Mt. Pinatubo - 1991

Day 30

Mt. Pinatubo Volcanic Dust Cloud

o
a

Temperature Change (“C,
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91 1992 1983 1954
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FEATURES OF RHYOLITE CALDERA COMPLEXES

« High-silica, high-gas magmas.
* Massive explosions (most
explosive of all types).

Magma chamber )

debris
4

« Collapse, producing an
“inverse volcano”,
or Caldera (Spanish for
cauldron).

|2, 70

Rhyolite Caldera Complexes Are Central
Vent Volcanoes.

| Direction of North

e S
llowstone Caldera: )
25 ik 2 Large igneous province

630,000 years ago”
i e o

1.3 million years ago
you ¢

Mid-ocean ridge

Monogenetic field

Large-scale volcanic terrains
lack a central vent

San Francisco Volcanic Field

San Francisco Volcanic Field
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Large Igneous Province

Fed by massive mantle plumes

Flood Basalts — large igneous province
Very fluid lava erupting rapidly and with great volume over thousands of years.
Columbia River basalts, Deccan Traps, Siberian Traps

Caused by flood basalts (especially fluid basaltic lavas) Do LIP’s mark beginning of hotspots?
Discharge over time through long fissures (cracks).

lateaus. 12c

submarine volcanism

<— Plate motion —>»

develop at
Basaltic flow creates global
network of interconnected ridges

Most volcanoes are associated with spreading center
Spreading Center Volcanism volcanism, arc volcanism, or intraplate volcanism

Stratovolcanoes Fracture SPreading Island Bhyolhe.
zone center arc caldera
Trench \ volcanism g complex

Arc Volcanism Explosive rhyolitic, andesitic, and basaltic lavas, divergent plate
margins, mid-ocean ridges

Spreading Center Volcanism Fluid basaltic lavas, divergent plate margins, mid-
ocean ridges

Intraplate Volcanism aka” midplate volcanism”, shield volcanoes, rhyolite
caldera complexes, and monogenetic fields



Yellowstone National Park
Rhyolite caldera complex

Mid-Atlantic Ridge =
Mid-ocean ridge volcano

Flood
basalts

African Rift Valley

1/31/2013

Rhyolite caldera complex

Stratovolcanoes

Monogenetic fields

10



