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Building Volcanoes



NOTE - melts produced 
in both the mantle and 
the crust result in a wide
range of magma types,
including those that 
produce explosive 
eruptions.

A Continental Volcano
A more complex example



AN ISLAND ARC VOLCANO
An even more complex example

Magma is produced both 
by melting the down-going
oceanic crust, and by
“fluxing” the overlying
asthenosphere with water
driven off the down-going
oceanic crust.



Types of Eruptions

Eruption types are based on the eruption 
characteristics of a well-known volcano.  
There are five such types:-
 Hawaiian
 Surtseyan
 Strombolian
 Vulcanian
 Plinian (Krakatoan)

(Note - your text includes a type called Vesuvian,
this is really only a variation of Plinian)



The most useful classification of eruption types is
based on:-
 How big the eruption is
 How explosive or violent it is



Examples of Hawaiian eruptions

Fire-fountaining (or 
curtains of fire), 
Kilauea, 1971

Molten magma is ejected
from cracks to produce
fire fountains that jet the
lava 30 -50 feet into the air.

Molten magma hitting the
ground flows away as lava
flows, whereas cooled
magma produces cinders
(spatter) near the vents.



Kilauea Iki, 1959
1500 ft high

Puu Oo, 1984
1300 ft high

Magma also jets from single vents, sometimes producing
fire-fountains over 1000 ft high.  Again, it may flow away
as lava or build cinder (spatter) cones.



On Kilauea volcano are
many pits or craters.
Frequently, lava cascades 
into these pits to produce
molten lava lakes.



Examples of Strombolian eruptions

The island of Stromboli Stromboli erupting at night
(note trajectory of volcanic
bombs).

A strombolian eruption on Mount 
Etna, Sicily.



Examples of Surtseyan eruptions

Basaltic magma reacts violently with sea water to produce
steam.  This in turn fragments the magma to produce fine
ash which is building a cone.  Eventually this cone will grow
into an island.



Once the island is formed,
and the volcanic conduit is
isolated from the sea water, 
then the eruption becomes 
much less explosive, 
resembling Hawaiian style
of eruptions.



Examples of Vulcanian eruptions

Vulcanian eruptions during the early days of volcanic activity
at Mount St. Helens, 1980.

Vulcanian eruptions do not include juvenile material.  They are 
steam-blasts, in which pre-existing rock is fragmented by steam
explosions.  The steam results from magma heating up ground water.



Examples of Plinian eruptions
Plinian eruptions are the largest, most violent, and most 
destructive of all eruptions.  They are named after Pliny 
the Younger, who provided a remarkably accurate 
description of the 79 A.D. eruption of Vesuvius, Italy.

A painting of the famous Krakatau
(Indonesia) eruption of 1883.  One
of the largest eruptions in history.
In some classifications, the term
Krakatoan is used instead of Plinian
for the sake of consistency.



Lassen Volcano, California,
1915

Mount Redoubt, Alaska, 1990

Pinatubo Volcano
Philippines, 1991



Hekla Volcano, Iceland, 1980

The eruption
starts - it is a
small Plinian
eruption.

Close-up of the
eruption column
(hours later).

After the Plinian stage, Hekla changes to
a Hawaiian style eruption.



Lava Flows

About 90 % of all lava flows are basaltic.
The remainder are mostly andesite, with 
a few dacite and rhyolite flows.
This is because the more silica-rich magmas
tend to erupt explosively and fragment.



There are three main types of lava flow:-

 PAHOEHOE – has a shiny, glassy surface.  It 
tends to be more fluid (lower viscosity), hence 
flows more quickly and produces thinner flows.

 AA – a rubbly flow, with higher viscosity 
which, therefore, tends to move more slowly and 
produce thicker flows.

 BLOCKY – similar to Aa, but even thicker, 
with a blocky rather than rubbly surface.  
Andesites, dacites and rhyolites tend to form 
blocky flows.



Pahoehoe flows are a silvery
gray in color, whereas the
Aa flows are a darker gray.
This is because the pahoehoe
is glassy and the aa is rubbly.

Aa and pahoehoe flows
on Mauna Loa volcano,
Hawaii.



Pahoehoe Flows

Pahoehoe flows on Kilauea Volcano, Hawaii



Pahoehoe close ups

Measuring the temperature of a flow

Famous scientist pokes
flow with a stick!



Pahoehoe lava takes on a variety of
shapes and forms - these are examples
of ropy pahoehoe



Pahoehoe near the vents is often very gas-rich, inflating to
produce shelly pahoehoe.  Some bubbles can be quite large!

This type of pahoehoe has the
splendid name “entrail pahoehoe”
- for obvious reasons.



Aa Flows

Aa flow on Mauna Loa
volcano, 1984.

Volcanologist runs away
from an aa flow!



Why did the aa flow cross the road?

The interrior of an aa flow Measuring the flow temperature



Blocky flows

Blocky lava flow completely
engulfs church at Paricutin,
Mexico.

House being consumed by lava
flow in Iceland.  Note, this flow
is transitional between aa and 
blocky in its characteristics.



Blocky lava flows at Newberry
Volcano, Oregon (upper left)
and Medicine Lake Highlands,
California.  These are a kind of 
glassy rhyolite called obsidian.



Development of a lava flow

Initial (fissure) Stage



Eruptions from fire fountains feed thin pahoehoe flows

Spatter ramparts are formed along the edge of the fissures



Development of a lava flow
Mature (Spatter Cone) Stage



Small spatter cone forming along
fissures.

Larger spatter cone produced
by a single vent.  Note person 
for scale.

Aerial view of an old spatter cone.
Note the lava channel leading away 
from the cone.



Mature well-developed spatter cone, with lava channels
flowing away from the cone.



Length of Lava Flows

 Viscosity – very viscous flows (dacite, rhyolite) only 
travel short distances – less than a mile is typical.  
Whereas, very fluid basalt flows (low viscosity) can travel 
long distances (up to 20-30 miles).

 Eruption Rate – is measured in volume per unit time 
(e.g. m3/hr).  In general the higher the eruption rate the 
further the flow will travel.
(e.g. Mauna Loa (1984) 1,000,000 m3/hr)

Since the path of a lava flow is controlled by topography
it can be accurately predicted.  What is important is how
far it will travel (i.e. what will be its length?).

The length of a lava flow depends on:-



Length of lava flows (continued)

 Channels – formation of well-developed 
channels, especially in aa flows, provides efficient 
transport for lava.

 Lava Tubes – formation of lava tubes or tunnels 
is typical in pahoehoe flows.  Once formed, these 
tubes insulate the lava, prevent cooling and allow 
the flow to travel great distances.



Well-developed lava channels on Mauna Loa Volcano, 1984.

Lava Channels



Volcanologist on edge of lava channel about to scoop out
a sample.



Lava Tubes

Lava channel “roofing” over
to form a lava tube.

“Skylights” looking down into lava tubes.



Sampling lava from a skylight in a lava tube

Kilauea Volcano, Hawaii
Nova - Hawaii, Born of Fire



Lava Flow Hazards
 Lava flows generally travel at slow speeds. (Typical 

Hawaiian flows move at about 0.25 miles/hr or about 6 
miles/day)

 Consequently, it is possible to avoid most flows – resulting 
in very little loss of life.

 Total deaths from flows (since 1600 a.d.) is about 900.
 Buildings and other structure, of course, are totally 

destroyed.
 There are, however, exceptions!

 Maximum speeds for Hawaiian flows is 6-30 m.p.h on steep slopes 
or for unusually hot and fluid lavas.

 Nyiragongo (Zaire) – collapse and drainage of a lava lake resulted 
in a sudden surge of lava traveling at 20-60 m.p.h and resulting in 
70 deaths.

Presenter
Presentation Notes




 The major problems with lava flows are:-
 Damage to property.
 Cuts and blocks transportation.
 Damages crops and makes agricultural land 

useless.

 Lava flows are controlled by topography and follow
the natural drainage pattern.  Hence, the path of 
flows can be fairly accurately predicted.

 Flows can be very long (Hawaiian flows are typically
6-20 miles), therefore the potential for damage is
very great, especially in heavily populated areas
such as the slopes of Mount Etna in Sicily
(e.g. Fornazo). 



What can we do about lava flows?
 Build walls and barriers - first attempted on Mt. Etna 

(1668).  Partially successful on Mt. Etna in 1983 and 
1992.  Not successful in Hawaii (e.g. 1984).

 Divert flow using bombs and explosives - the basic idea 
is to break levees or lava tubes so that the flow can be 
dispersed high on the volcano before reaching populated 
areas.  First tried on Mauna Loa in 1935 and 1942.  
Partial success on Etna in 1983 and 1992.

 Cool flow with water - pumping 2-3 times as much 
water onto a flow will cool the lava below its melting 
point, forming internal barriers within the flow.  This 
may divert the flow elsewhere, but it will not stop it.  
Used in Heimaey, Iceland - but needs a lot of water.
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