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The Nature of
Vol canic Eruptlons

3 Factorsdetermmmgthe wolence or
explosiveness of a volcanic eruption

e Composition of the magma
e Temperature of the magma
* Dissolved gasesin the magma
* Theabovethreefactorsactually control

the viscosity of a given magma which in
turn controlsthe nature of an eruption



The Nature of
Vol Canlc Eruptlons

* VISCOSI'[y ISa measure of a material’ sresstance
to flow (e.qg., Higher viscosity materials flow
with great difficulty)

% Factorsaffecting viscosity

- Temperature - Hotter magmasareless
VISCOUS

- Composition - Silica (SIO,) content
Higher silica content = higher viscosity
(e.q., felsic lava such asrhyoalite)



The Nature of
Volcanic Eruptlons

Factors affectlng VIScosity, continued

(H_ower silica content = lower viscosity or
mor e fluid-like behavior (e.g., mafic lava such
as basalt)
- Dissolved Gases
(Esas content affects magma mobility

(Esases expand within a magma asit nearsthe
Earth’s surface dueto decreasing pressure

(ET he violence of an eruption isrelated to how
easily gases escape from magma



The Nature of
Volcanic Eruptions

Factors affecting viscosity, contlnued
In Summary
- Fluid basaltic lavas generally produce
quiet eruptions
- Highly viscous lavas (rhyolite or andesite)
produce mor e explosive eruptions



Materials extruded from
a volcano

# Lava Flows
. Basaltic lavas are much more fluid

- Types of basaltic flows

(HPahoehoe lava (resembles a twisted or ropey
texture)

(FAa lava (rough, jagged blocky texture)

% Dissolved Gases
- Oneto six percent of a magma by weight
- Mainly water vapor and carbon dioxide



A typical aa flow

Figure 4.5 B



Materials extruded from
avolcano

% Pyroclastlc materlals—“ Flrefragments’
Types of pyroclastic debris

- Ash and dust - fine, glassy fragments

- Pumice - porousrock from “frothy” lava

- Lapilli - walnut-sized material

- Cinders - pea-sized material

- Particleslarger than lapilli
(EBlocks - hardened or cooled lava
(Eombs - gected ashot lava



A volcanic bomb

Figure 4.6 left



Volcanoes

»* General Features
- Opening at the summit of a volcano

(ECrater - steep-walled depression at the
summit, generally lessthan 1 km in diameter

(ECaldera - asummit depression typically
greater than 1 km in diameter, produced by
collapse following a massive eruption

- Vent —opening connected to the magma
chamber via a pipe



Volcanoes

% Types of Volcanoes
- Shield volcano
(Broad, slightly domed-shaped
(EComposed primarily of basaltic lava

(Esenerally cover large areas

(HPr oduced by mild eruptions of large volumes
of lava

(M auna L oa on Hawaii isa good example



Volcanoes

% Types of Volcanoes continued
- Cinder cone

Built from g ected lava (mainly cinder-sized)
fragments

(ESteep slope angle
(HRather small size
(H-reguently occur in groups



Sunset Crater —a cinder cone
near Flagstaff, Arizona
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Volcanoes

% Types of volcanoes continued
- Composite cone (Stratovolcano)

(EM ost are located adjacent to the Pacific
Ocean (e.g., Fujiyama, Mt. St. Helens)

(H_ar ge, classic-shaped volcano (1000’ s of ft.
high & several mileswide at base)

(HEComposed of interbedded lava flows and
layers of pyroclastic debris



A composite volcano

Figure 4.7



A size comparison of thethree
types of volcanoes
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Volcanoes

- Composite cones, continued
(EM ost violent type of activity (e.g., Mt.
Vesuvius)
EOften produce a nuee ardente

(H-iery pyroclastic flow made of hot gases
Infused with ash and other debris

(EM ove down the slopes of a volcano at
speeds up to 200 km per hour

(@AM ay produce a lahar, which isavolcanic
mudflow



A nueé ardente on Mt. St.

Figure 4.16



Other volcanic landforms

- Steep-walled depressions at the summit
- Size generally exceeds 1 km in diameter

% Pyroclastic flows

. Associated with felsic & intermediate
magma

- Consists of ash, pumice, and other
fragmental debris



Formation
of Crater
L ake,
Oregon

Figure 4.18



Other volcanic Iandforms

Pyrocl astlc flows contl nued

- Material ispropelled from thevent at a
high speed
- e.g., Yellowstone plateau
% FIssure eruptions and lava plateaus

- Fluid basaltic lava extruded from crustal
fractures called fissures

- e.g., Columbia River Plateau



The Col umbla Rlver basalts

Figure 4.20



Other volcanic landforms
LaVa Domés
- Bulbous mass of congealed lava

- Most are associated with explosive
eruptions of gas-rich magma

% Volcanic pipes and necks

- Pipesare short conduitsthat connect a
magma chamber to the surface



A lava dome on Mt. St. Helens
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Other voI canic Iandforms

VoI canic p| pes and necks contl nued

- Volcanic necks (e.g., Ship Rock, New
Mexico) areresistant ventsleft standing

after erosion hasremoved the volcanic
cone



Formation of a volcanic neck

Figure 4.22



Plutonic igneous activity

Most magma IS emplaced at depth 1 the
Earth
- An under ground igneous body, once
cooled and solidified, iscalled a pluton

x Classification of plutons

- Shape
(El abular (sheetlike)
(EM assive



Plutonic igneous activity

% Classification of plutons continued
- Orientation with respect to the host

(surrounding) rock

(EDiscor dant — cuts acr oss sedimentary rock
units

(EConcordant — parallel to sedimentary rock
units



Plutonic igneous activity

% Types of Intrusive igneous features
- Dike x atabular, discordant pluton

- SilI £atabular, concordant pluton (e.g.,
Palisades Sill in New Y ork)

. Laccolith
Eimilar toa gl

(H_ens or mushroom-shaped mass
(FArches overlying strata upward



| ntrusive igneous structures
exposed by erosion

Figure 4.23 B



A sl in the Salt River
Canyon, Arizona

Figure 4.24



Plutonic igneous activity

% | ntrusive igneous featur es continued
- Batholith

(H_argest intrusive body

(ESurface exposur e of 100+ squar e kilometers
(smaller bodies aretermed stocks)

(H-requently form the cores of mountains



A bathollth exposed by erOS| on

Figure 4.23 C



Plate tectonics and
|gneous act|V| ty

Global dlstrlbutlon of Igneous act|V|ty IS
not random

. Most volcanoes ar e located within or near
ocean basins

- Basaltic rocks are common in both
oceanic and continental settings, whereas
graniticrocksarerarely found in the
oceans



Distribution of some of the
world’s major volcanoes

Figure 4.27



Plate tectonics and
|gneous act|V| ty

| gneous activity al ong plate marglns

- Spreading centers

(ET'he greatest volume of volcanicrock is
produced along the oceanic ridge system

AV echanism of spreading
(H_ithosphere pulls apart
(H_ess pressure on underlying rocks
(HResultsin partial melting of mantle

(H_arge quantities of basaltic magma are
produced



Plate tectonics and
|gneous act|V| ty

| gneous activity along plate marglns

. Subduction zones

(EOccur in conjunction with deep oceanic
trenches

(Eescending plate partially melts
(EM agma slowly moves upward
(ERising magma can form either
(FAn island arc if in the ocean
(A volcanic arc if on a continental margin



Plate tectonics and
|gneous act|V| ty

Subductlon Zones
(A ssociated with the Pacific Ocean Basin

(ERegion around the margin isknown asthe
“*Ring of Fire”

(EM ost of the world’s explosive volcanoes
arefound here

# | ntraplate volcanism
- Activity within atectonic plate



Plate tectonics and
|gneous act|V| ty

I ntraplate volcanism contlnued

- Associated with plumesof heat in the
mantle

- Form localized volcanic regionsin the
overriding plate called a hot spot

(HPr oduces basaltic magma sour ces in oceanic
crust (e.g., Hawaii and I celand)

(HPr oduces granitic magma sourcesin
continental crust (e.g., Yellowstone Park)



Volcanism on a tectonic
pI ate mow ng over a hot spot

Figure 4.29



End of Chapter 4



