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• Global Volcanism and Plate tectonics
Where do volcanoes occur?
Driving forces

• Volcano chemistry and eruption types
• Volcanic Hazards

Pyroclastic flows and surges
Lava flows
Ash fall (tephra)
Lahars/Debris Flows
Debris Avalanches
Volcanic Gases

• Anatomy of an Eruption – Mt. St. Helens
• Volcanoes of Canada

Stikine volcanic belt
Anahim volcanic belt
Wells Gray – Clearwater volcanic field
Garibaldi volcanic belt

• USA volcanoes – Cascade Magmatic Arc
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Volcanoes in Our Backyard

In Canada, British 
Columbia and Yukon are 
the host to a vast 
wealth of volcanic 
landforms.
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How many active volcanoes are 
there on Earth?

• Erupting now about 20
• Each year 50-70
• Each decade about 160
• Historical eruptions about 550
• Holocene eruptions 

(last 10,000 years) about 1500

Although none of Canada’s volcanoes are erupting now, 
they have been active as recently as a couple of 

hundred years ago.
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These global 
forces have 
created, 
mountain 
ranges, 
continents and  
oceans.

The Earth’s Beginning

oceanic

crust

continental

crust

mantle
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Where do volcanoes occur?
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Driving Forces: Moving Plates
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Driving Forces: Subduction
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Driving Forces: Hot Spots
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Driving Forces: Rifting

Ocean plates moving apart 
create new crust.  The longest 
volcano in the world is the Mid 
Atlantic ridge!
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Volcano Schematic and Chemistry
Some basic terminology 
used to describe 
volcanoes. Depending on 
the type of lava erupting, 
different types of 
volcanoes will form.  The 
lava is classified by the 
amount of silica dioxide it 
contains.

45-52% 52-63% 63-68% >68%
Basalt Andesite Dacite Rhyolite

least explosive most explosive

most fluid least fluid
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Volcano Types

Volcanoes come in a variety of shapes and 
sizes. These names are used to define 

them.
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Relative Size of Volcano Types

190km/120 mi.
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Shield vs. Composite volcano

Needs replacement/upgrade

Stratovolcanoes are known for their powerful, 
explosive eruptions, but they are small in size 
relative to shield volcanoes, the largest volcanoes on 
earth.  
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Eruption Types

• Hawaiian 
• Strombolian
• Vulcanian
• Pelean
• Plinian
• Surtseyan
• Subglacial
• Caldera Forming
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Lava Compositional 
Differences

Due to compositional differences, lava erupts differently 
- either explosively, or more passively as flows.

45 - 52% 52 - 63% 63 - 68% >68%
Basalt Andesite Dacite Rhyolite
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Lava Flows
Basaltic lavas are among the 
least viscous.  Large areas 
of central British Columbia 
are covered with basaltic 
lava flows.
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Lava Rivers

Low viscosity basaltic lava can flow for 10’s of kilometres
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Smooth, Ropey Lava – Pahoehoe

The surfaces of basaltic lava flows varies. Often it is 
smooth or ropey.
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Rubbly Surface, Rough and Jagged 
– Aa Lava

Another 
common 
form of 
basaltic 
lava.
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Lava flows with gas bubbles
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Shield Volcanoes

Most shield volcanoes are formed of fluid basaltic lava flows, therefore, 
the edifices are not as visually dramatic as stratovolcanoes. Their 
volumes can exceed that of stratovolcanoes by several orders of 
magnitude and they often form during single long-term effusive 
eruptions.  The Ilgatchuz range in west central British Columbia is an 
example of a shield volcano.
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Lava Fountains (fire fountains)

Basaltic lava often erupts 
gas rich, the ejection of 
the gas can create 
spectacular fire fountains, 
often leading to the 
formation of cinder cones.
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Cinder Cones

Cinder cones typically range from a few tens of metres 
to a few hundred metres in height and are most often 
formed during single eruptions, when explosively ejected 
material accumulates around the vent in a process called 
fire fountaining. 

Also known as 
pyroclastic 
cones or scoria 
cones, can form 
rapidly, but 
remain active 
only for 
geologically 
short periods of 
time.
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Ca
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as

Calderas are large volcanic depressions formed after an 
eruption when the mountain collapses into its underlying 
magma chamber.  The magma chamber is emptied by 
the explosive eruption or the effusion of large volumes 
of lava flows. 
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Composite or Stratovolcanoes

Stratovolcanoes are classic cone-shaped mountains 
formed from repeated eruptions of viscous lava and are 
common in subduction zones. Explosive eruptions are 
often associated with these volcanoes. 
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Eruptions 
are 

Natural 
Hazards
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Volcanic Explosivity Index (VEI)
The size of a volcanic eruption is quantified using a 
scale called the Volcanic Explosivity Index (VEI).  This 
scale takes into account the volume of material erupted, 
the height of the eruption cloud, the duration of the 
main eruptive phase, and other parameters to assign a 
number from 0 to 8 on a linear scale. 

1992, Pinatubo 
VEI 6

Hawaiian
VEI 1 - 2
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Most Deadly Eruptions since 1500 AD
Volcano             Year     Casualties (causes)    VEI

Nevado del Ruiz, 
Colombia

Mont Pelee, Martinique

Santa Maria, Guatemala

Krakatau, Indonesia

Tambora, Indonesia

Unzen, Japan

Lakagigar (Laki), Iceland

Kelut, Indonesia

1985

1902

1902

1883

1815

1792

1783

1586

25,000  (mudflow)

40,000 total, 29,000 
(pyroclastic flow)

6,000 (pyroclastic flow)

36,000 (tsunami)

12,000  (pyroclastic flow)
80,000  (starvation)

15,000 (tsunami)

9,000 (starvation)

10,000 (mudflow)

3

4

5

6

7

3

4

4
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Hazards 
Associated with 

Volcanic 
Eruptions

Erupting volcanoes can 
generate many primary 
hazards including lava 
flows, pyroclastic 
flows, pyroclastic 
surges, volcanic 
bombs, ash clouds, 
landslides, debris 
flows, and clouds of 
poisonous gas.
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Main types of Volcanic Hazards
•Pyroclastic flows 

and surges 

•Lava flows

•Ash falls (tephra)

•Lahars/Debris flows

•Debris avalanches

•Volcanic gases
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Hazard: 
Pyroclastic Flow

Pyroclastic flows 
are dense 
avalanches of hot 
gas, hot ash, and 
blocks (tephra) 
that cascade down 
the slopes of the 
volcano during an 
eruption. 

Pyroclastic flow at Mt. St. Helens
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Hazard:  Pyroclastic Flows

Pyroclastic flow deposits are often lobe-like and 
contain large blocks of pumice.  The largest pumice 
blocks are commonly found at the flow’s surface.  
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Hazard: Pyroclastic Surge
Pyroclastic surges are dense clouds of hot gas and 
rock debris, that are generated when water and hot 
magma interact. They are more violent and travel 
much faster than pyroclastic flows; surges have been 
clocked at over 360 km/h.

Pyroclastic surge at Mt. St. Helens, May 18, 1980
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Before:  March 25, 1980 After:  June 4, 1980
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Pyroclastic surge/flow

Pyroclastic surge over the ocean at Montserrat.
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Impact: Pyroclastic Flow/Surge

• Extends km’s to 10’s of km’s
• People → death
• Equipment → destruction
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Risk Reduction 
Methods: hazard 
mapping, hazard 
zonation, monitoring, 
public education, 
evacuation
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Hazard: Lava Flow
Lava flows commonly accompany volcanic eruptions of 
basaltic and andesitic compositions. They are among the 
least hazardous processes associated with a volcanic 
eruption. Flows travel slowly, a few kilometres an hour 
to a fraction of a kilometre an hour, and people and 
animals can normally move easily out of the way, 
however immobile objects (houses, buildings etc.) are 
usually doomed.

Basaltic lava 
flow on Mt. 
Etna
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Impact: Lava Flow

• Extend km’s to 10’s of km’s
• People → discomfort, 

displacement
• Equipment → destruction
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engineering 
diversion 
structures, 
evacuation, 
monitoring, public 
education, 
evacuation
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Impact: Lava Flow
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Lava flow diversion 
attempt at Mount 
Etna
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Hazard: Lahar/Debris Flow
Lahars or debris flows, are slurries of water and 
rock particles that behave like wet concrete. 
Because of the range of particle size - from 
flour-sized to blocks as large as houses - they are 
extremely destructive.  Lahars are topographically 
controlled and usually follow river valleys where 
they are confined to valley bottoms. 

Toutle River lahar, Mt. St.
Helens, May 18, 1980
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Debris flows have 
resulted in huge 
losses of life. 
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Hazard: Debris Flow
For months or even years following an eruption, vast 
areas around a volcano may be covered by loose, 
unconsolidated ash and blocks (tephra).  This material is 
easily mobilized by heavy rainfall, forming mudflows and 
debris flows.
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Hazard: Lahar/Debris Flow

Between August 1992 and July 1993, debris flows 
triggered by heavy rains around Mt. Unzen volcano, 
Japan, damaged about 1,300 houses
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Impact: Lahar/Debris Flow

• Extend km’s to 10’s of km’s
• People → death, displacement
• Equipment → destruction
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ds Risk reduction methods: 
hazard mapping, hazard 
zonation, engineering 
diversion and retention 
structures, 
monitoring/alerting systems, 
public education, evacuation

Sediment retention structures 
built to control debris flows in 
Japan.
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Hazard: Tephra (ash)
Tephra (ash) is finely broken volcanic rock and is a 
product of explosive volcanic eruptions. In very 
energetic eruptions, tephra is carried upward into the 
upper atmosphere and the finest tephra can be carried 
by the jet stream for hundreds and thousands of 
kilometres.  Significant quantities of tephra in the 
atmosphere can affect the climate.
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Hazard: Tephra

Volcanic tephra can be a significant health hazard and 
create economic problems over a wide area. It can 
pollute water supplies and disrupt transportation; thick 
accumulations of heavy ash can cause buildings or other 
structures to collapse. Inhaled ash can aggravate 
respiratory conditions such as asthma and bronchitis.
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Tracking Tephra
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Collapse of part of a volcanic edifice can create a much 
larger than anticipated eruption.  Almost instantaneous 
unroofing can create massive explosions.  The debris 
avalanche can be very far travelled, and if it hits a 
water body, can create a tsunami.

Hazard:  Debris Avalanches/ 
Sector collapse 
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Hummocks recognized for the
first time at Mt. St. Helens.
The avalanche was 2.8 km3 in 

size and traveled ~ 22 km

Debris Avalanches
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Debris Avalanches

Sector collapse leading to a debris avalanche was 
first observed at Mt. St. Helens and opened up a 
whole new aspect to hazard studies at temperate, 
snow clad volcanoes.
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Debris Avalanches
• Mount Shasta, USA, 
• 40 cubic km, run-out ~ 50 km
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Shortly after the May 18, 1980 eruption of Mt. St. 
Helens, the hummocks at Mt. Shasta were recognized 
for what they were - evidence of a major, catastrophic 
failure of the mountain.
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Impact: Debris Advances

• Extend km’s to 10’s of km’s
• People → death, displacement
• Equipment → destruction

Vo
lc
an

ic
 H

az
ar

ds

Risk reduction methods: hazard mapping, hazard 
zonation, monitoring, public education

Secondary impact:
larger than anticipated explosion/eruption
Tsunami generated if impacts a water body
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Hazard: Poisonous Gases

Mostly H2O, but often contains:
• Carbon dioxide (CO2) – concentrates in crater lakes 

and topographic lows, present during non eruptive 
periods. Causes asphyxiation.

• Sulphur Dioxide (SO2) – combines with water to 
form sulphuric acid, present during non eruptive 
periods. Causes eye and lung irritation.

• Fluorine (F) – rare, coats ash, when ingested by 
live stock results in death
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“VOG” volcanic smog, Hawaii
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Impact: Poisonous Gases

• Extends 100s of meters to km’s
• People → death, displacement, bronchial 

complications
• Equipment → corrosion
• Pollution of water supplies
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ds Risk reduction 
methods: hazard 
mapping, hazard 
zonation, public 
education

Secondary impact
Long term impact on 
water supplies, crops 

Damaged broccoli plants, Hawaii
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Secondary Hazards
Secondary hazards are those that are not associated 

with an eruption, but rather result from the 
environment created by the volcano. They include 
landslides, mudflows, debris flows, landslides, 
ground and surface water contamination, and soil 
contamination. In addition, lava flows, debris 
flows, debris avalanches and pyroclastic flows can 
dam the natural drainage.  Failure of these dams 
can lead to catastrophic flooding. The impact of a 
volcanic eruption can last decades.

Volcanoes can also have positive impacts such as the 
enrichment of soil, expansion of arable land, 
creation of mineral deposits and building material.
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Mt. St. Helens, May 18, 1980 and 
ongoing activity

Anatomy of an eruption
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May 18 
1980 
sector 
collapse 
(debris 
avalanche/
landslides) 
and 
phreato-
magmatic 
explosion
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“Before:” Mount 
St. Helens, May 
17, 1980;   
Summit elevation 
2,950 m (9677 
ft)

“After:” Same view, 
after debris avalanche 
and blast.  Summit 
Elevation 2,549 m 
(8,363 ft.), 400 m and 
2.8 cubic km (1,314 ft 
and 0.67 cubic mi ) 
removed by avalanching.

Largest ever observed landslide, and first ever 
observed sector collapse and pyroclastic surge
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Over 632 km2 of 
alpine to sub alpine 
environment was 
destroyed. Virgin 
timber was blasted 
away from many 
areas and blown over 
in others.
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The pyroclastic surge 
killed most of the 57 
people who died in the 
eruption.
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The debris avalanche (sector 
collapse that created the gaping 
amphitheatre), transformed 
Spirit Lake and the Toutle River 
Valley.  
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Graphical time-series of MSH 
eruptions, 1980-86
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The crater formed from the landslides is outlined in red 
(right).  Snow began accumulating almost as soon as the 
1980-1986 dome finished growing.
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May 13, 2005

The volcano began growing a 
second dome, Sept. 29, 2005
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1980 – 1986 dome
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Although Mt. St. Helens had been 
outwardly quiet since 1986, 
inwardly significant seismic 
activity was present.  Two seismic 
crises were cause for concern, 
but didn’t lead to an eruption until 
the seismic activity started again 
on Sept. 28, 2005.M
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From 1986 onward, a glacier 
grew behind the 1980-1986 
dome. The mountain was 
outwardly tranquil, but, 
inwardly there was turmoil.
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The seismic crises 
built rapidly and 
very soon the 
media was “tuned”
to the mountain.
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October 1, 2004

The first explosion was Oct. 1, but the glacier behind the 
1980-1986 dome was heavily fractured and moving upwards 
prior to the first explosions.  Soon a large crater had formed.
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Bezymianny, Russia

Mt. St. Helens, March 15, 2005
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Volcanoes in Our Backyard

In Canada, British Columbia 
and Yukon are the host to a 
vast wealth of volcanic 
landforms. This section 
provides a brief overview of 
these volcanoes, starting in 
the north.
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British Columbia’s place in the 
Pacific Ring of Fire
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Driving Forces - subduction, crustal 
rifting and a hotspot
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Western Canada has all tectonic elements found globally 
subduction zones, hotspots and crustal rifting.
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Over 200 
volcanic 
centres exist 
in British 
Columbia and 
Yukon that 
have been 
active in the 
last two 
million years. 

Canadian 
Volcanic 
Regions
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Canadian Volcanic Regions
The volcanoes younger than about 5 
million years in western Canada can be 
grouped into 6 volcanic regions with 
specific tectonic origins:

Wrangell Volcanic Belt - subduction
Stikine Volcanic Belt - continental 

rifting
Anahim Volcanic Belt - hotspot
Wells Gray-Clearwater Volcanic 

Field crustal weakness?          
Chilcotin Plateau Basalts - back arc
Garibaldi Volcanic Belt - subduction
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• Castle Rock
• Mt. Edziza
• Mt. Hoodoo
• Lava Fork
• Crow Lagoon (basaltic 

field)
• Wells Gray – Clearwater 

(basaltic field)
• Silverthrone
• Mt. Meager
• Mt. Cayley
• Mt. Garibaldi

Top 10 Canadian 
Volcanoes, based on 
Recent Seismic Activity; 
There are over 200 
geological young volcanic 
centres.

Mount Edziza

Castle Rock

Mount Hoodoo

Crow Lagoon

Silverthrone

Mount Meager
Mount Cayley

Mount Garibaldi

Wells Gray

Lava ForkVo
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Fire and Ice –
Canada’s peculiar subglacial volcanoes
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TUYA

“SUGM”

In addition to shield volcanoes, stratovolcanoes, cinder 
cones, etc., many volcanoes in Canada formed when they 
were covered, or surrounded by glacial ice.  This 
interaction has lead to specific “subglacial” landforms.
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Fire and Ice –
Canada’s peculiar subglacial volcanoes
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As the volcano grows in its subglacial prison, lava 
pours out and forms “pillows”.  As the mound of 
pillows grows, the pillows start to role down the 
sides.  The rolling pillows break apart and form 
“hyaloclastite” – a rock made up of broken pillows 
and the glassy rinds of the pillows.
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Volcano Mountain, Yukon

Volcano Mountain is a small, asymmetrical cinder cone 
approximately 300 m high in the Stikine Volcanic Belt.  
The surface of the lava from the vent broke into 
chunks as it flowed, creating the clinkery surface.
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Tuya Butte, Stikine Belt
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Tuya Butte is the type locality for “tuyas” – flat topped, 
steep sided subglacial volcanoes.
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Caribou SUGM, Stikine Belt
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Pillows and breccia, Stikine Belt
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As most of the 
volcanoes in the Tuya 
Butte area have 
formed sub glacially, 
extensive deposits of 
pillows and 
hyaloclastite can be 
found in the area.
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Mt. Edziza, 
Stikine Belt
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Pyramid Mountain, Stikine Belt
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Eve Cone near 
Mount Edziza
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Hoodoo Volcano, Stikine Belt
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Lava Fork, Stikine Belt
Although the vent area at 
Lava Fork Volcano is 
relatively nondescript, 
significant quantities of lava 
poured down the steep 
slopes into the valley below, 
traveling over 15 km. At 
about 150 years old, it may 
be Canada’s youngest 
volcano.
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Tseax Cone and lava flows in the Stikine Belt, is the 
site of one of Canada’s worst geological disaster - an 
estimated 2000 people died of “poison smoke” (most 
likely CO2).

Nisga’a Memorial Lava Bed 
Provincial Park
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Crater Creek and Tseax 
River valley 
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The Nass River valley was 
inundated by the lava flows 
from Tseax Cone

Vo
lc
an

oe
s 

of
 C

an
ad

a



96

V4

Tseax lava flows contain abundant tree moulds and 
caves, formed from draining of the lava flows.
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Tseax volcano first nation’s story of destruction, 
Canada's worst known geophysical disaster.  Over 
2000 people killed from poison smoke (most likely CO2).
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Ilgatchuz Range – Anahim volcanic Belt

Canada’s hot spot track – the 
Anahim volcanic belt, extends 
from the pacific Ocean to 
Nazko cone, west of Quesnel.  
The volcanoes range in age from 
12 million (western end) to a 
few thousand (western end).

Ilgatchuz Range – a major 
shield volcano in the belt.
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Wells Gray - Clearwater 
volcanic field

The Wells Gray 
region of east-
central British 
Columbia is a 
volcanic field 
made up of 
numerous, small, 
basaltic 
volcanoes, many 
modified by 
glacial 
interaction.
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Dragon Cone, Wells Gray - Clearwater 

Dragon Cone is the source of the 15 km long Dragon's 
tongue lava flow that dams Clearwater Lake. The cone, 
made up of cinders, blocks, and bombs, is perched on 

the side of a ridge of metamorphic rock.
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Hyalo Ridge, Wells Gray - Clearwater 

Hyalo Ridge is an example of a tuya: a sub-glacial 
volcano with a characteristic flat-top.  Tuya’s have 

subaqueous deposits such as pillows.
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Whitehorse Bluff, Wells Gray - Clearwater 

Whitehorse Bluff is a sub-aqueous volcano composed of 
fragmented volcanic glass.  The glass is the result of 

explosive interaction of the lava with water.
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Pyramid Mountain, 
Wells Gray - Clearwater 

Pyramid Mountain was formed below several thousand 
metres of glacial ice.  The eruptions ceased before it 
became the characteristic “tuya” shape of subglacial 

volcanoes.
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Mt. Meager, 
Garibaldi Volcanic 

Belt 

150 km north of 
Vancouver is the 
youngest of four 
overlapping 
stratovolcanoes. Recent 
volcanic activity started 
2350 years ago from a 
vent on the northeast 
side of the mountain and 
consisted of a massive, 
dacitic, Plinian eruption, 
similar in size to the 
May 19, 1980 eruption 
of Mt. St. Helens. 
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Mt. Meager, Garibaldi Volcanic Belt

Mt. Meager’s most recent eruption was from the 
amphitheatre shaped area on the volcano’s flank. Falls 
Creek, a nearby waterfall cuts through the dacite 
columns formed by the lava flows that followed the 
explosive phase of the eruption.
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Little Ring Mt., Garibaldi volcanic belt

Little Ring 
Mountain, a  
subglacial 
volcano.
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Geology of Mt. Cayley Area, 
Garibaldi volcanic belt
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Mt. Cayley, Garibaldi Volcanic Belt

Mt. Cayley 
is still the 
site of 
several hot 
springs and 
anomalous 
geophysical 
properties.
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Mt. Fee, Garibaldi Volcanic Belt
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volcanoes – shown here in shades of green.  These 
volcanoes are all part of the Garibaldi Volcanic Belt.
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Garibaldi 
satellite 
imagery
This LandSAT image 
shows several 
different volcanic 
features including 
lava flows (Ring 
Creek), a volcanic 
neck (Black Tusk), a 
subglacial volcano 
(the Table) and a 
partly eroded 
stratovolcano 
(Garibaldi). 
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Garibaldi Area Panorama
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Black Tusk, Garibaldi Volcanic Belt

Black tusk is an erosional remnant of a 
much larger volcano.
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The Table,
Garibaldi Area 

The Table is 
composed of 
lavas that 
cooled in 
contact with 
glacial ice, 
probably in a 
chimney like 
void in the ice.
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Mount Garibaldi:
BC’s Best Known Volcano
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Mount Garibaldi, Atwell Peak and Dalton Dome - the 
three peaks that make up Garibaldi Volcano

Formed from multiple eruptions, 
the volcano was built out onto 
glacial ice that filled the valley.  
The failure after the ice melted 
left this steep, precipitous cliff 
on the volcanoes SE flank.
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Garibaldi Area Volcanoes

Garibaldi volcano consists of 3 peaks – Mt. Garibaldi, Atwell Peak, 
and Dalton Dome, seen here in the background. From left to 
right, Table Mountain is a flat-topped, steep-sided volcano that 
erupted under glacial ice. Clinker Peak and Mt. Price are the 
volcanoes in the foreground.
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The Barrier, 
Garibaldi 

Area

Clinker Peak lava flow was 
stopped by glacial ice 
filling the Cheakamus 
valley during eruption.  
The steep flow front has 
failed in a series of large 
landslides.
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Clinker Peak and Mt. Price, 
Garibaldi volcanic belt

Mt. Price and Clinker peak are the 
source of the barrier lava flow.  This 
flow dams and forms Garibaldi Lake.
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Columnar basalt near Brandywine Falls 
Garibaldi Volcanic Belt
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Lava “esker”
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Our 
neighbours 

to the 
south

The Garibaldi Volcanic 
belt is the northern 
extension of the 
“Cascade Magmatic 
Arc” – the name used in 
the United States for 
the chain of volcanoes 
that extends northward 
from California.  
Closest to us are Mt. 
Baker and Glacier Peak
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Mount Baker, Cascade Magmatic Arc
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Mount Baker is a 
towering stratovolcano 
that last erupted in 
the 1800’s. 



127

V4

Mount Baker Hazard Map
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Mount Baker, Sherman Crater
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Sherman Crater, near 
Baker’s summit, is the 
hottest geothermal 
field in the Cascade 
Magmatic arc.
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Glacier Peak, Washington, USA
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Glacier Peak Hazard Map
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Web Resources
Volcano sites:

Volcanoes of Canada: 
www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes

USGS Volcanic Hazards Program:
http://volcanoes.usgs.gov

Smithsonian Institution Global Volcanism 
Program:
www.volcano.si.edu/index.cfm

http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes
http://volcanoes.usgs.gov/
http://www.volcano.si.edu/index.cfm
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Slide 1: V4
Presentation prepared by Catherine Hickson and Malaika Ulmi of Natural Resources Canada’s 
(NRCan) Earth Science Sector, Geological Survey of Canada (GSC), with the encouragement and 
contributions from Dave Lefebure, Chief Geologist, British Columbia Ministry of Energy and 
Mines.
Photographs from NRCan/GSC staff, British Columbia Ministry of Energy and Mines, United 
States Geological Survey and other sources as noted in the notes below the individual PPT slides.  
Figures have been modified from various sources as noted in the notes accompanying the PPT slide.


Notes below slides are intended to be explanatory of the material being display.  References are 
given where appropriate, or if no reference is given, text is by Catherine Hickson, Research 
Scientist, Volcanology, Chickson@nrcan.gc.ca, phone 604 666-9772.  Some text has been adapted 
from United States Geological Survey Sources by Hickson.


Your comments on this version would be most helpful for modifying future versions. Please 
check the web site for updates to the presentation!


For additional information, comments or questions, please contact:
Malaika Ulmi, Natural Resources Canada, Geological Survey of Canada, mulmi@nrcan.gc.ca 604 
666-0528 AND/OR
Catherine Hickson, Natural Resources Canada, Geological Survey of Canada, 
chickson@nrcan.gc.ca 604 666-9772
101- 605 Robson Street, Vancouver, BC, Canada, V6B 1R8
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Slide 3: V4
In Canada, British Columbia and Yukon are the host to a vast wealth of volcanic landforms. 
Photographs C.J Hickson, GSC  (Geological Survey of Canada), top, Eve Cone, Mt. Edziza, C.J 
Hickson; bottom, Mt. Garibaldi area, GSC  (Geological Survey of Canada)
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Although none of Canada’s volcanoes are erupting now, they have been active as recently as a 
couple of hundred years ago.
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Slide 5: V4
After an initial stage of condensation and accretion (A), the planet was heated to the point where 
iron (Fe) was segregated into its core (B). Plate tectonic processes helped to form chemically 
distinct layers within the Earth including the crust (continental and oceanic crust have different 
thicknesses), the mantle, and the core (C). The lithosphere is the rigid outer layer of the Earth that 
forms the tectonic plates that move across the surface of the planet. The asthenosphere is an area in 
the upper mantle with small amounts of melted material that acts as a lubricant for the tectonic 
plates to move over.  It is these processes that create the environment for volcanoes.  Volcanoes do 
not occur randomly, but their placement is governed by these tectonic process.


As the Earth cooled from a gaseous ball, its interior formed several layers (Slide 5 (above); The 
earth’s beginning). The innermost layers, or core and lower mantle, do not directly generate 
volcanic eruptions. It is the outermost layers, or solid crust and asthenosphere, from which 
volcanoes form. According to the theory of plate tectonics, the Earth's crust is divided into large 
blocks or plates that slide around on the planet's outermost layer (Slide 5 and 6; where do volcanoes 
occur?). The theory has been almost universally accepted largely because it explains many 
geological events and patterns in a simple and unified way. The study of volcanoes also benefited 
significantly from this theory. Maps showing the boundaries of tectonic plates and volcanoes show 
that most volcanoes occur near the edges of tectonic plates (Slide 7). Even more significantly, 
specific types of volcanoes are most commonly found along the same type of plate edge (referred to 
as 'tectonic environment'). When one plate moves, by necessity it must push against the 
neighbouring plate, pull away from the neighbouring plate, or move parallel to the neighbouring 
plate. These three types of relative motion form three distinct types of plate edges or boundaries. 
When two plates collide, one is usually forced under the other to form a subduction zone (Slide 10; 
Driving Forces). When two plates pull apart, hot material from beneath the plates rises to fill the 
intervening gap, forming a spreading ridge in the oceans or a rift valley on the continents. The 
boundary of two plates that move past each other in a parallel way is referred to as a 'transform 
boundary'. Volcanoes form in all three of these tectonic environments, especially the first two 
(subduction zones and spreading ridges). 
(http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes/01_tec_env_e.php; Hickson, C.J. and 
Edwards, B.R., 2001, Volcanic hazards. Canadian Hazards Atlas, Geological Survey of Canada 
Bulletin 548, p. 145-180)
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Global topography - left:  source unknown;  Right: Geological Survey of Canada Poster “Living on 
the Edge”, illustration by Jean-Pierre Normand, digital imaging and art direction by Bertrand J. 
Grouix, topographic surface derived from map by Robert Kung.
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Figure modified from “Mt. St. Helens:  Surviving the Stone Wind”, 2005, C. J. Hickson, Tricouni 
Press, 96 p.  


Volcanic eruptions occur only in certain places and do not occur randomly.
As the Earth cooled from a gaseous ball, its interior formed several layers (Slide 5; The earth’s 
beginning). The innermost layers, or core and lower mantle, do not directly generate volcanic 
eruptions. It is the outermost layers, or solid crust and asthenosphere, from which volcanoes form. 
According to the theory of plate tectonics, the Earth's crust is divided into large blocks or plates that 
slide around on the planet's outermost layer (Slide 7; where do volcanoes occur?). There are 16 
tectonic plates.  The theory has been almost universally accepted largely because it explains many 
geological events and patterns in a simple and unified way. The study of volcanoes also benefited 
significantly from this theory. Maps showing the boundaries of tectonic plates and volcanoes show 
that most volcanoes occur near the edges of tectonic plates (Slide 7). 


Even more significantly, specific types of volcanoes are most commonly found along the same type 
of plate edge (referred to as 'tectonic environment'). When one plate moves, by necessity it must 
push against the neighbouring plate, pull away from the neighbouring plate, or move parallel to the 
neighbouring plate. These three types of relative motion form three distinct types of plate edges or 
boundaries. When two plates collide, one is usually forced under the other to form a subduction 
zone (Slide 3; Driving Forces). When two plates pull apart, hot material from beneath the plates 
rises to fill the intervening gap, forming a spreading ridge in the oceans or a rift valley on the 
continents (Slide 12). The boundary of two plates that move past each other in a parallel way is 
referred to as a 'transform boundary‘ (Slide 9). Volcanoes form in all three of these tectonic 
environments, especially the first two (subduction zones and spreading ridges). 
(http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes/01_tec_env_e.php) 
(Hickson, C.J. and Edwards, B.R., 2001, Volcanic hazards. Canadian Hazards Atlas, Geological 
Survey of Canada Bulletin 548, p. 145-180)
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Artist's cross section illustrating the main types of plate boundaries (see text); East African Rift 
Zone is a good example of a continental rift zone. (Cross section by José F. Vigil from This 
Dynamic Planet -- a wall map produced jointly by the U.S. Geological Survey, the Smithsonian 
Institution, and the U.S. Naval Research Laboratory.)  URL: 
http://pubs.usgs.gov/publications/text/Vigil.html 


Deep within the earth’s interior, upwelling currents (mantle plumes) of hot material provide the 
motive force to drive plate tectonics – the movement of the crustal plate, above the hot mantle.  The 
crustal plate motions create volcanoes, earthquakes, mountain ranges and new oceanic crust at 
spreading centres.  There are three types of plate boundaries: Convergent, divergent and transform.  
All three of these types of plate boundaries are shown in the diagram above.  
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Figure from “Geoscapes Vancouver”
Contributors: Natural Resources Canada, Geological Survey of Canada; J.J. Clague, S.G. Evans, 
B.J. Groulx, C.J. Hickson, L.E. Jackson, Jr., J.M. Journeay, J.L. Luternauer, P. Metcalfe, D.C. 
Mosher, B.D. Ricketts, G.C. Rogers, R.J.W. Turner, G.J. Woodsworth, D. Lemieux B.C. Ministry 
of Employment and Investment, Geological Survey Branch; P.T. Bobrowsky, S. Sibbick, W. 
Jackaman; B.C. Ministry of Environment, Water Management Division; T.N. Hamilton; Simon 
Fraser University; P.S. Mustard; Design & Cartography: B.J. Groulx, T. Williams, B. Sawyer 
URL: http://geoscape.nrcan.gc.ca/vancouver/living_e.php


In a subduction zone, one piece of crust is forced down below the overriding crust. In most 
subduction zones, the crust being forced into the mantle is oceanic crust, which is generally denser 
than continental crust and commonly covered in thick, wet sediments and ooze. As the sediment 
and ooze are carried into the Earth's mantle with the oceanic crust, rising heat and pressure dry them 
out in a process called 'dehydration'. The water expelled from the material rises and changes the 
chemical composition of the overlying mantle. The presence of water lowers the melting 
temperature of the overlying mantle rocks and causes them to melt. Melting mantle forms magma 
that rises through the crust to erupt on the surface, forming a volcano. In Canada, subduction-zone 
volcanoes are found only in extreme southwestern British Columbia, as part of the Cascade 
volcanic arc and in the Yukon, as the extreme eastern edge of the Aleutian Arc. 
(http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes/01_tec_env_e.php;  Hickson, C.J. and 
Edwards, B.R., 2001. Volcanic hazards. Canadian Hazards Atlas, Geological Survey of Canada 
Bulletin 548, p. 145-180)
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Artist's cross section illustrating the main types of plate boundaries (see text); East African Rift 
Zone is a good example of a continental rift zone. (Cross section by José F. Vigil from This 
Dynamic Planet -- a wall map produced jointly by the U.S. Geological Survey, the Smithsonian 
Institution, and the U.S. Naval Research Laboratory.) 
URL: http://pubs.usgs.gov/publications/text/Vigil.html 


Deep within the earth’s interior, upwelling currents (mantle plumes) of hot material create “hot 
spots” on the underside of the earth’s lithosphere.  These hot spots create volcanoes on the earth’s 
crust above.  Over thousands to millions of years, the crust moves slowly over these stationary 
mantle plumes, creating a chain of volcanoes.  Perhaps best known is the Hawaiian Islands, but in 
British Columbia a chain of volcanoes called the Anahim volcanic belt extends from the coast 
(oldest volcanoes) to Nazko Cone in the interior (youngest).  This represents Canada’s most recent 
hot spot.  
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Right upper: “Geoscapes Vancouver”, right lower: source unknown


“Geoscapes Vancouver”
Contributors: Natural Resources Canada, Geological Survey of Canada; J.J. Clague, S.G. Evans, 
B.J. Groulx, C.J. Hickson, L.E. Jackson, Jr., J.M. Journeay, J.L. Luternauer, P. Metcalfe, D.C. 
Mosher, B.D. Ricketts, G.C. Rogers, R.J.W. Turner, G.J. Woodsworth, D. Lemieux B.C. Ministry 
of Employment and Investment, Geological Survey Branch; P.T. Bobrowsky, S. Sibbick, W. 
Jackaman; B.C. Ministry of Environment, Water Management Division; T.N. Hamilton; Simon 
Fraser University; P.S. Mustard; Design & Cartography: B.J. Groulx, T. Williams, B. Sawyer 
URL: http://geoscape.nrcan.gc.ca/vancouver/living_e.php


Where ocean plate is pulled apart by tectonic forces, undersea ridges form as long linear chains of 
volcanoes.  Just such an environment occurs off the coast of southwestern British Columbia, called 
the Juan de Fuca Ridge.  The Juan de Fuca Ridge has been the site of several volcanic eruptions in 
the early part of the 21st century.  Though these have been detected and even photographed, the 
process has been going on for millions of years, gradually increasing the size of the Pacific and 
Juan de Fuca plates.  However, for the small Juan de Fuca plate, this new oceanic crust is destroyed 
in the Cascade subduction zone, just off shore of southwestern British Columbia.
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Schematic view of Volcano Schematic figure of a stratovolcano illustrating some volcanic terms 
and rock names. Rock names are based on the weight per cent of silicon dioxide (SiO2) in the rock 
(Figure courtesy of the Cascade Volcano Observatory, United States Geological Survey).


Volcanoes and volcanic vents can have a variety of shapes. A volcanic vent is the hole from which 
the magma emerges from beneath the Earth's surface. Vents mark the birthplace of the volcano and 
are most commonly roughly circular. Some, however, are long cracks in the ground and are called 
'fissures'. Volcanoes are given specific names depending on their shape (or morphology). 


The chemistry of the magma (the name of liquid rock when it is below ground) or lava (when it 
erupts) varies considerably.  Basalt, andesite, dacite and rhyolite are the most common volcanic 
rock types, but many more varieties exist.  The important consideration is how the chemistry 
changes the way the magma erupts.  Rhyolites tend to erupt explosively, basalts more passively.
Text from T. Simkin and L. Siebert, Volcanoes of the World, 1994, Geoscience Press, Tucson, 
Arizona, 349 pages.
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Volcanoes and volcanic vents can have a variety of shapes. A volcanic vent is the hole from which 
the magma emerges from beneath the Earth's surface. Vents mark the birthplace of the volcano and 
are most commonly roughly circular. Some, however, are long cracks in the ground and are called 
'fissures'. Volcanoes are given specific names depending on their shape (or morphology). 
Stratovolcanoes and shield volcanoes are the largest types of volcanoes, but have distinctly different 
shapes because of differences in the chemistry of the erupting magma. Shield volcanoes and 
stratovolcanoes erupt many times over thousands to hundreds of thousands of years whereas cinder 
cones, lapilli cones, and maars, which are smaller volcanoes with different morphologies, usually 
have a short life, erupting only once. 
Text from T. Simkin and L. Siebert, Volcanoes of the World, 1994, Geoscience Press, Tucson, 
Arizona, 349 pages.
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Figure showing volcano types with their relative sizes and eruptive volumes.
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Stratovolcanoes are known for their powerful, explosive eruptions, but they are small in size 
relative to shield volcanoes, the largest volcanoes on earth.  
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Figures from Cas and Wright, 1987 (Exp. vs. column height); top figure modified from original by 
Walker, 1973 (fragmentation vs. dispersal). 
Cas, R.A.F. and J. V. Wright, 1987. Volcanic successions: modern and ancient: a geological 
approach to processes. Allen and Union, London. 
Walker, G.P.L., 1973. Explosive volcanic eruptions – A new classification scheme. Geologische 
Rundschau. 62, 431-466.


The seriousness of the hazard represented by a volcanic eruption depends on many things, but 
especially on the style of eruption. Volcanoes dominated by passive, lava-forming eruptions (like 
those typically seen in Hawaii) generally only threaten immobile objects such as buildings, but are 
not a serious threat to humans. However, poisonous gases such as carbon dioxide (CO2), sulphur 
dioxide (SO2) and fluorine (F) are released during some passive eruptions and can be life-
threatening. In British Columbia the eruptions of Tseax Volcano (see Slide 89 – 94) killed an 
estimated 2000 people through the release of poisonous gases – most likely the result of the release 
of CO2.


On the other hand, large (and fortunately rare) eruptions such as those that formed the calderas 
underlying Yellowstone National Park in Wyoming (600 000 years ago) can have a devastating 
impact on literally hundreds of thousands of square kilometres of land downwind from the volcano. 
Such large-scale eruptions may also cause worldwide shifts in weather patterns, including a 
lowering of global average temperatures; it has been suggested that a huge eruption in Indonesia, 
Toba caldera, approximately 74,000 years ago started the last ice age and brought mankind to the 
brink of extinction due to significant global cooling that lasted more than a decade. 
(http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes/00_1_intro_e.php; Hickson, C.J. and 
Edwards, B.R., 2001, Volcanic hazards. Canadian Hazards Atlas, Geological Survey of Canada 
Bulletin 548, p. 145-180)
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Photographs:  Left: Photographer unknown; Right;  Paul Hickson, May 18, 1980


Whether the magma is basaltic, andesitic, dacitic, rhyolitic, or a myriad of other, more obscure 
compositions, different names are used to describe the magma once it has erupted.  After eruption 
the magma is called by the general name “lava” no matter what its composition.


Depending on the lava’s chemical composition (and other factors such as the volatile (gas) content), 
magma will either flow out of the volcano's vent passively and be 'coherent' (e.g. lava), or it will 
spew from the vent violently and be fragmental (pyroclastic). As coherent lava flows cool, they 
often develop very regular fractures called 'columnar joints' that are easily recognized and very 
distinctive (Slide 118). Lava flows may also produce some fragmental material, referred to as 'flow 
breccia', that forms as the lava cools, but continues to move (Slide 23).  Basalt and andesite most 
often form coherent lava flows.


An explosive eruption is more common with dacitic and rhyolitic eruptions (though they can also 
erupt passively producing “domes” which are mounds of lava above the vent, to thick and pasty 
(viscous) to flow).  When explosive eruptions occur they produce significant amounts of “tephra”, 
another name for volcanic ash.  The ash (or tephra), is fragments of the magma, blown up in the 
violent eruption.  


(http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes/00_1_intro_e.php; Hickson, C.J. and 
Edwards, B.R., 2001, Volcanic hazards. Canadian Hazards Atlas, Geological Survey of Canada 
Bulletin 548, p. 145-180)
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Photographs:
Kiaealakomo flow of basaltic pahoehoe lava into ocean – Don Peterson, United States Geological 
Survey
Danger signs, Joe Nagel, University of British Columbia
Pahoehoe lava flow, C.J. Hickson, Geological Survey of Canada


Lava flow
Lava flows are masses of molten rock that pour onto the Earth's surface during an effusive eruption. 
Both moving lava and the resulting solidified deposit are referred to as lava flows. Because of the 
wide range in (1) viscosity of the different lava types (basalt, andesite, dacite, and rhyolite); (2) lava 
discharge during eruptions; and (3) characteristics of the erupting vent and topography over which 
lava travels, lava flows come in a great variety of shapes and sizes.
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Photographs from USGS (United States Geological Survey) (left)


Photograph on right from National Park Service, Mauna Loa Eruption, March 30, 1984, Scott 
Lopez, photographer.
Lava flow
Lava flows are masses of molten rock that pour onto the Earth's surface during an effusive eruption. 
Both moving lava and the resulting solidified deposit are referred to as lava flows. Because of the 
wide range in (1) viscosity of the different lava types (basalt, andesite, dacite, and rhyolite); (2) lava 
discharge during eruptions; and (3) characteristics of the erupting vent and topography over which 
lava travels, lava flows come in a great variety of shapes and sizes.  When the lava flows, the top 
continues to cool.  Often the top solidifies over, leaving “sky lights”, but the flow continues to 
travel under its hardened surface for 100s to 1000s of metres.  Once the lava is no longer being 
issued from the vent.  The lava can drain out, leaving a hollow tube behind.  The Tseax lava flows 
in northern British Columbia, contain lava tubes.  







January 3, 2006: Hickson and Ulmi, Geological Survey of Canada


Slide 20: V4
Nass Valley, BC
Photographs:  Left: C.J. Hickson, GSC F8.3; right: C.J. Hickson, GSC  (Geological Survey of 
Canada)


Basaltic lavas often have such low viscosity that their upper surfaces are flat.  An excellent example 
of this is from the Tseax lava flows along the Nass River.  Sometimes the surface forms ropes, this 
is called Pahoehoe.
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AA - rough and jagged lava. 


Another surface from is called “aa”.  It is rough and blocky.  An excellent example of this is from
the Tseax lava flows along the Nass River.  The same lava flow can have an “aa”, a “pahoehoe” or 
a flat surface.  The surface features depend on the lava viscosity, flow rate, temperature, gas 
content, and underlying topography over which the flow is travelling. 
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Basaltic lavas are often rich in volatiles (gasses).  These gases are released at the vent in a process 
called fire fountaining, or as the lava flows and cools.  The gases released from the liquid lava as it 
cools, form small air pockets (bubbles) or vesicles.  
Nass Valley, BC
Photographs by C. J. Hickson, GSC F8.4, F8.5, GSC (Geological Survey of Canada)
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Photograph: Ilgatchuz Range, British Columbia, C.J. Hickson, GSC (Geological Survey of Canada)


Shield volcanoes are built almost entirely of fluid lava flows. Flow after flow pours out in all 
directions from a central summit vent, or group of vents, building a broad, gently sloping cone of 
flat, domical shape, with a profile much like that a warrior's shield. They are built up slowly by the 
accretion of thousands of flows of highly fluid lava, most commonly basaltic (from basalt, a hard, 
dense dark volcanic rock) lava that spread widely over great distances, and then cool as thin, gently 
dipping sheets. Lavas also commonly erupt from vents along fractures (rift zones) that develop on 
the flanks of the volcano. Some of the largest volcanoes in the world are shield volcanoes.  


The photograph is of Illaguchuz shield volcano in west central British Columbia. It is part of a 
hotspot track that runs through central British Columbia.  This volcano is formed from chemically 
unusual lavas that are characteristic of hot spot volcanoes.  These lavas are high in such elements as 
Sodium (Na).  The presence of sodium in the chemical make up of the magma results in flows that 
are more fluid than would be typical based on their silica content (SiO2).  
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A jet of lava sprayed into the air by the rapid formation and expansion of gas bubbles in the molten 
rock is called a lava fountain. Lava fountains typically range from about 10 to 100 m in height, but 
occasionally reach more than 500 m. Lava fountains erupt from isolated vents, along fissures, 
within active lava lakes, and from a lava tube when water gains access to the tube in a confined 
space. 


Photographs:


Top left, USGS (United States Geological Survey)


Top right, D. Griggs, USGS (United States Geological Survey)


Bottom, Kilauea rift, Don Peterson, USGS (United States Geological Survey)







January 3, 2006: Hickson and Ulmi, Geological Survey of Canada


Slide 25: V4
Photographs by C. J. Hickson, GSC (Geological Survey of Canada), Eve Cone, Mt Edziza


Cinder cones are the simplest type of volcano. They are built from particles and blobs of congealed 
lava ejected from a single vent (fire fountaining). As the gas-charged lava is blown violently into 
the air, it breaks into small fragments that solidify and fall as cinders around the vent to form a 
circular or oval cone. Most cinder cones have a bowl-shaped crater at the summit and rarely rise 
more than a 300 metres or so above their surroundings. Cinder cones are numerous in western 
Canada.  The youngest volcanic eruptions in Canada were from cinder cones in northwestern 
British Columbia (Tseax Cone near Terrace for example erupted between 1750 and 1780).  
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Photographer:  P. Hickson, Crater Lake, OR with Wizard Island.


Earth's calderas range from a kilometer to as much as about 100 kilometres in width; many contain 
scenic caldera lakes. Calderas may be simple structures formed during an eruption that truncates 
either the summit of a single stratovolcano or a complex of multiple overlapping volcanoes, such as 
at Crater Lake in Oregon. (USGS (United States Geological Survey)).


The largest and most explosive volcanic eruptions eject tens to hundreds of cubic kilometres of 
magma onto the Earth's surface and into the atmosphere. When such a large volume of magma is 
removed from beneath a volcano, the ground subsides or collapses into the emptied space, to form a 
huge depression called a caldera. Some calderas are more than 25 kilometres in diameter and 
several kilometres deep. 


Calderas are among the most spectacular and active volcanic features on Earth. Earthquakes, 
ground cracks, uplift or subsidence of the ground, and thermal activity such as hot springs, geysers, 
and boiling mud pots (geothermal fields) are common at many calderas. Yellowstone National Park 
in the United States is located on a huge caldera and has active geothermal fields. Such activity is 
caused by complex interactions among magma stored beneath a caldera, ground water, and the 
regional buildup of stress in the large plates of the Earth's crust. Significant changes in the level of 
activity at some calderas are common; these new activity levels can be intermittent, lasting for 
months to years, or persistent over decades to centuries. Although most caldera unrest does not lead 
to an eruption, the possibility of violent explosive eruptions warrants detailed scientific study and 
monitoring of some active calderas.  


One of the worlds larges eruptions was of Toba, Indonesia about 74,000 years ago.  It ejected so 
much ash into the stratosphere that a “nuclear winter” was created.  This is coincident with a 
genetic “bottle neck” in mankind.  The huge climatic impact this eruption had globally my be 
responsible for the near elimination of mankind.
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Photographs:  Left: Paul Hickson, Mt. Baker, Washington State, USA; right:  Paul Hickson, Mount St. Helens, 
May 18, 1980
Some of the Earth's grandest mountains are composite volcanoes -- sometimes called stratovolcanoes. They 
are typically steep-sided, symmetrical cones of large dimension (but much smaller than shield volcanoes) built 
of alternating layers of lava flows, volcanic ash, cinders, blocks, and bombs and may rise as much as 3,000 
metres above their bases. Some of the most conspicuous and beautiful mountains in the world are composite 
volcanoes, including Mount Fuji in Japan, Mount Cotopaxi in Ecuador, Mount Shasta in California, Mount 
Hood in Oregon, and Mount Rainier in Washington.  In Canada, many of our composite volcanoes have been 
subject to extreme erosion, leaving more jagged, irregular peaks.  Examples are Mt. Garibaldi, Mt. Meager, 
both in south western British Columbia and Mt. Edziza in northern British Columbia.


Most composite volcanoes have a crater at the summit which contains a central vent or a clustered group of 
vents. Lavas either flow through breaks in the crater wall or issue from fissures on the flanks of the cone. Lava, 
solidified within the fissures, forms dykes that act as ribs which greatly strengthen the cone.   The eruption of 
lava so viscous that it does not flow, is also common.  These “domes”, or mounds of lava can build up around 
the vent area adding bulk to the mountain.  Explosive eruptions are also common.  Some of the most violent 
eruptions occur at composite volcanoes.


The essential feature of a composite volcano is a conduit system through which magma from a reservoir in the
Earth's crust (usually at a depth over around 15 kilometres, give or take a few kilometres) rises to the surface. 
The volcano is built up by the accumulation of material erupted through the conduit and increases in size as 
lava, cinders, ash, etc., are added to its slopes.
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Photographs from USGS (United States Geological Survey)


Volcanoes can have number of positive impacts.  They create new land, rejuvenate soil, and create 
some of the world’s special places, however, volcanoes are fundamentally dangerous.  Volcanic 
eruptions can directly and indirectly wreak havoc on people living nearby and travelling in aircraft, 
and can even temporarily change the climate worldwide. Because volcanoes can so drastically 
change our day-to-day living, they have been studied for hundreds of years and are the focus of 
intense geological and volcanological research. Volcanoes spew forth not-so-welcome gases such 
as sulphur dioxide that can lead to acid rain and destruction of the ozone layer. 


Some major volcanic eruptions can inject so much ash into the upper atmosphere that it can lead to 
temporary global cooling. Volcanoes are also sources of potentially hazardous trace elements that 
can be detrimental to health. 


(http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes/00_1_intro_e.php; Hickson, C.J. and 
Edwards, B.R., 2001, Volcanic hazards. Canadian Hazards Atlas, Geological Survey of Canada 
Bulletin 548, p. 145-180)
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The size of a volcanic eruption is quantified using a scale called the Volcanic Explosivity Index 
(VEI), which takes into account the volume of material erupted, the height of the eruption cloud, 
the duration of the main eruptive phase, and other parameters to assign a number from 0 to 8 on a 
linear scale. For example, the 18 May 1980 eruption of Mount St. Helens, which destroyed 632 km²
of land, expelled 1.4 km³ of magma, and produced an eruption column that rose to 24 km, was 
assigned a VEI of 5. On the other hand, the last large eruption from the Yellowstone caldera, which 
occurred 600,000 years ago and expelled over 1000 km³ of magma, would be assigned a VEI of 7. 
However, the vast majority of volcanic eruptions have VEIs from 0 to 2. 
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Source:  R.I. Tilling, 1980; EM-DAT (OFDA/CRED International Disaster Data Base)


The Volcanic Explosivity Index is a way of measuring how large the eruptions is, yet small 
eruptions can have a devastating affect from such things as a tsunami (Unzen) and poisonous gases 
(Laki).  These are examples of small and large eruptions that have resulted in a significant loss of 
life.  
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(Figure courtesy of the Cascade Volcano Observatory, United States Geological Survey).


Erupting volcanoes can generate many primary hazards including lava flows, pyroclastic flows, 
pyroclastic surges, volcanic bombs, ash clouds, landslides, debris flows, and clouds of poisonous 
gas.
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The role of the scientists and scientific teams monitoring a volcano is crucial to the well being of 
inhabitants living near the volcano.  Dr. Don Peterson, USGS (United States Geological Survey) 
Cascade Volcano Observatory Scientist in Charge during the May 1980 eruption of Mt. St. Helens 
and for several years after, pioneered some of the protocols for communicating the science message 
to official who need to know in such a way that is it understandable and can be acted upon.  He 
outlined the clear role of the scientist in both communicating with officials as well as the general 
public.


This diagram is based on his 1986 paper in Keller, S.A.C. (editor). 1986. Mount St. Helens, five 
years later. Eastern Washington University Press, Cheney, Washington, 441 p.; Donald W. 
Peterson’s “Mount St. Helens and the science of volcanology: a five-year perspective” (p. 
3–19). and was modified for the book “Mt. St. Helens:  Surviving the Stone Wind”, 2005, C. J. 
Hickson, Tricouni Press, 96 p.  
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(Figure courtesy of the Cascade Volcano Observatory, United States Geological Survey).
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Pyroclastic flows are dense avalanches of hot gas, hot ash, and blocks (tephra) that cascade down 
the slopes of the volcano during an eruption. They are most commonly associated with explosive 
eruptions, and form when the towering column of ash rising above the volcano collapses. They also 
form when a less energetic eruption 'boils' over the edge of a crater or caldera or when a lava flow 
or dome on a steep slope disintegrates. 


Pyroclastic flows originating from column collapse can have considerable momentum and travel 
great distances. Speeds between 50 and 150 km/h have been measured and distances of 30 km are 
not unusual. Although extremely rare, the largest eruptions have produced pyroclastic flows that 
extend 100 km from the volcano.  
All pyroclastic flows are extremely destructive, destroying buildings, trees, or any objects that are 
in their path by impact, burial or fire. People caught in a pyroclastic flow have little chance of 
survival. Pyroclastic-flow deposits are not abundant at dormant volcanoes in Canada, but have been 
found at Mount Meager, Hoodoo Mountain, and Mount Edziza (see the Catalogue of Canadian 
Volcanoes). The destruction of Pompeii from an eruption of Mount Vesuvius was as a result of a 
pyroclastic flow and associated air fall tephra (ash).


(http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes; Hickson, C.J. and Edwards, B.R., 2001, 
Volcanic hazards. Canadian Hazards Atlas, Geological Survey of Canada Bulletin 548, p. 145-180)


Photograph USGS (United States Geological Survey)
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A pyroclastic flow is a complex phenomena.  The lower part is made up of an avalanche of pumice 
blocks and/or broken pieces of the volcano dislodged by the eruption.  These blocks come to rest as 
lobate flows, often stratified with large pumice blocks at the top and dense lithic blocks at the 
bottom.  The cloud (see previous image) comes to rest at some distance from its underlying 
avalanche and is sometime referred to as a pyroclastic surge.  This type of “surge” deposit, is 
destructive, but should not be confused with the phreatomagmatic event described in the next 
image.  


Photographs - upper right, Hickson with a large block of pumice showing reddish colouration, 
evidence of the magmatic origin and intense heat of the block as it cooled from its molten state, Mt. 
St. Helens.  Lower, Dan McLeod, USGS (United States Geological Survey), examining a lobate 
pyroclastic flow, also at Mt. St. Helens. 
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Photographs:  Division of Geology, Department of Natural Resources, Washington State.  The 
shores of Spirit Lake.  The arrow shows the location of Harry Truman’s lodge.  He refused to 
evacuate and was killed in the eruption.


Pyroclastic surges are dense clouds of hot gas and rock debris, generated when water and hot 
magma explosively interact. The eruption is called “phreatomagmatic”.  


These eruptions are more violent and travel much faster than pyroclastic flows; surges have been 
clocked at over 360 km/h. They are extremely destructive because of their density (fragmented 
rocks and vegetation) and high speeds. People and structures in their path have little hope for 
survival. White Horse Bluffs, in Wells Gray Provincial Park, British Columbia, was built from 
successive surge deposits, but in general, these deposits are difficult to preserve and what little 
evidence may exist is easily eroded away.  


Mt. St. Helens’s May 18, 1980 eruption is a classic example of a phreatomagmatic eruption, 
brought about by the failure of a large section of the volcano in a large landslide.  This landslide 
released the pressure on a well developed thermal system (hot water) inside the mountain and 
exposed magma when the landslide surfaces cut through the magma chamber (cryptodome).  The 
result was a catastrophic explosion that laid waste to over 632 km2 of land around Mt. St. Helens.  


(http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes; Hickson, C.J. and Edwards, B.R., 2001, 
Volcanic hazards. Canadian Hazards Atlas, Geological Survey of Canada Bulletin 548, p. 145-180; 
Hickson, C.J. 2005, Mt. St. Helens:  Surviving the Stone Wind, Tricouni Press, 96 p.)
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Photo by M. Stasiuk, GSC  (Geological Survey of Canada)


The term “pyroclastic surge” has also been used for fine-grained facies of pyroclastic flows.  
Pyroclastic flows are complex made up a a lower dense “avalanche” of pumice blocks and a more 
dilute cloud of ash above.  Another form of pyroclastic surge is as a more dilute, buoyant part of 
pyroclastic flow.  


A pyroclastic surge flowing over the surface of the sea on Montserrat in 1996. The surge originated 
when a dense pyroclastic flow shed from the growing lava dome flowed down the volcano flank to 
the sea. The dense part of the flow stopped at the beach, but the lighter-than-water, denser-than-air, 
ash cloud separated and flowed across the water for about 100 metres. 







January 3, 2006: Hickson and Ulmi, Geological Survey of Canada


Slide 38: V4
Pyroclastic flows are extremely destructive.  The temperatures are very high (700 degrees C or 
higher), the dense lower avalanche of material capable of destroying everything it hits, and the ash 
cloud above hot and destructive.  Pyroclastic surges as a result of phreatomagmatic explosions are 
even more destructive and can cover a much larger area.  


Photograph: Pompeii corpse, Pat Pringle
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Photograph:  John Latter, New Zealand


Lava flows commonly accompany volcanic eruptions, especially basaltic eruptions. They are 
among the least hazardous processes associated with a volcanic eruption, although they can destroy 
any immobile object in their path, including houses, roads, and volcano observatories! Flows travel 
slowly, a few kilometres an hour to a fraction of a kilometre an hour, and people and animals can 
normally move easily out of the way. Lava flows, however, can cause many secondary hazards. 
They can start forest fires and will usually destroy any structures in their path. 


The expulsion of poisonous gases can also accompany the eruption of a lava flow, as happened in 
1783 at the Laki volcano in Iceland. A lava flow can dam rivers, change their courses, kill resident 
fish, and even act as a barrier to migrating fish. This happened along the Nass River in northern 
British Columbia during the eruption of the Tseax cone. Of special concern in western Canada is 
the possibility of lava erupting onto or beneath glacial ice. Such an event might cause large-scale 
melting of the ice and generate a catastrophic flood; such floods are referred to by their Icelandic 
name, 'jökulhlaups'. 


(http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes; Hickson, C.J. and Edwards, B.R., 2001, 
Volcanic hazards. Canadian Hazards Atlas, Geological Survey of Canada Bulletin 548, p. 145-180)
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Photograph and figure:  John Latter, New Zealand


Diversion of the lava flows has been attempted.  The results have been very mixed as can be seen 
from the diagram an photograph above.  The lava flow broke through the upper barrier, but was 
likely smaller than if there had been no barrier so cooled and solidified without doing any damage.  
The lower diversions and barriers saved the Observatory.  


Cooling of the lava front by using massive amounts of water has also been attempted.  An example 
is Heimaey in Iceland.
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'Lahar' is an Indonesian word (from the island of Java) for debris flow . These slurries of water and 
rock particles behave like wet concrete and are associated with volcanic eruptions. They consist of 
particles of many different sizes, ranging from flour-sized particles to blocks as large as houses. 
Lahars are extremely destructive; they are, however, topographically controlled and usually follow 
river valleys where they are confined to valley bottoms. They are most common and most 
voluminous as a result of explosive eruptions on snow-clad volcanoes. Pyroclastic flows or surges 
can instantaneously melt ice and snow, creating large-volume lahars.  Volcanoes with crater lakes 
can also generate large lahars.  


The term lahar was used for any type of slurry of particles and water in Indonesian, but 
volcanologists like to confine the terms to floods generated during an eruption, using the term 
“debris flow” or “mud flow” for secondary flowage events.  These secondary events are the result 
of significant quantities of ash lying on the slopes of the volcano following an explosive eruption.  
This material is easily mobilized during heavy rains, and a region can be plagued with debris flows 
for decades following a major eruption.


(http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes; Hickson, C.J. and Edwards, B.R., 2001, 
Volcanic hazards. Canadian Hazards Atlas, Geological Survey of Canada Bulletin 548, p. 145-180)
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Debris flows can be a significant secondary volcanic hazard. They can occur days, weeks, or years 
after an eruption. Explosive eruptions and, to a lesser extent, effusive eruptions can denude areas 
around a volcano and disrupt the drainage pattern.  This disruption can lead to long-term flooding 
problems around the volcano. In addition, vast areas around the volcano may be covered by loose, 
unconsolidated tephra (ash), easily mobilized and washed away by heavy rainfall, forming 
mudflows and debris flows. 


Photographs: right: Mt. Mayon, Philippines debris flow “Homes that last 100s of years” John 
Latter, New Zealand;  right, Mailboxes, USGS (United States Geological Survey)
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Photograph by T. Pierson, 1995 (United States Geological Survey)
Hundreds of debris flows sweeping down from nearby Unzen Volcano in Japan buried, crushed, or 
carried away more than a thousand homes like this one along the Mizunashi River. Between August 
1992 and July 1993, debris flows triggered by heavy rains damaged about 1,300 houses. Each 
period of heavy rain required the sudden evacuation of several thousand residents along two rivers 
heading on the volcano. The deposits from these lahars consisted chiefly of lava fragments derived 
from partial collapses of the lava dome located 5 to 8 km upstream.


The region around Mount Pinatubo in the Philippines has been heavily impacted by on-going debris 
flows more than a decade after the event.  The 1986 eruption of Nevado del Ruiz in Colombia 
resulted in the loss 
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Photographs:  left – Mount Mayon, Philippine, unknown photographer; right: The leading edge of 
the mushroom cloud from an explosive eruption of Mt. St. Helens in 1980. The ash is carried 
laterally away from the volcano for hundreds of kilometres at the altitude of commercial jets, 
forming a major hazard to air traffic, unknown photographer


Because it is often widely dispersed, volcanic ash may be a significant health hazard and create 
economic problems over a wide area. Ash can pollute water supplies and disrupt transportation; 
thick accumulations of heavy ash can cause buildings or other structures to collapse (especially if 
water is added). Inhaled ash can aggravate respiratory conditions such as asthma and bronchitis. 
Coarser particles can lodge in the nose (causing irritation) and the eyes (causing corneal abrasions). 
Silicosis has been attributed to long-term exposure to volcanic ash. Ash, however, is rarely a direct 
cause of death unless the fallout is so severe that suffocation results.  


Ash can damage mechanical and electrical equipment. It is abrasive and, at great distances from the 
volcano, fine enough to work its way into bearings or other moving parts of equipment and 
machinery, causing damage or mechanical failure. Computer equipment is particularly sensitive to 
this type of damage. Electrical power can be disrupted because transformers conduct heat poorly 
and will overheat and explode when covered by only a few millimetres of ash.  


Ash can affect aircraft flying at high altitudes. The adverse impact of ash on high-performance jet 
engines was well publicized for the first time in 1982 when a Boeing 747 jet on a flight over 
Indonesia encountered ash from Galunggung volcano. Although the plane was severely damaged 
and all four engines failed, it was able to make a successful emergency landing in Jakarta. Since 
then, the number of plane-volcanic ash incidents has grown and the adverse effects of ash have 
been studied more carefully. Ash sucked into high-performance jet engines abrades the outer parts 
of the engine and can melt inside at the high engine operating temperatures. The abrasion severely 
damages the engine fan blades and the melting ash disrupts the mixing of air and fuel in the 
combustion chamber, leading to engine shutdown. The ash also abrades the exterior of the aircraft, 
'frosting' cockpit windows and landing lights. Ingested ash can badly damage aircraft navigation 
and hydraulic systems. The threat from airborne ash in Canadian airways constitutes the most 
important short-term impact of volcanoes on the Canadian public. 


(http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes; Hickson, C.J. and Edwards, B.R., 2001, 
Volcanic hazards. Canadian Hazards Atlas, Geological Survey of Canada Bulletin 548, p. 145-180)
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Photographs to the right by R.P. Hoblitt (U.S. Geological Survey); left aircraft weighed down by volcanic ash from the 
eruption of Mt. Pinatubo, Philippines, R. L. Reiger, US Navy.
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Figure:  Tracking of volcanic ash can be done using satellites and the path the ash will take can be 
predicted using sophisticated plume models that take into account global circulation.  This ash 
plume, for a small eruption of Mt. Spurr in Alaska was tracked across north America to Greenland.  
It disrupted air traffic over much of north America as it traversed the continent.  


Tephra poses the greatest risk to western Canada. In the past 12,000 years, volcanoes in the Cascade 
magmatic arc have erupted over 200 times. Several of these eruptions deposited significant 
quantities of tephra in southern British Columbia, most of it fine, ash-sized particles in a layer a few 
millimetres in depth. Alaskan volcanoes in the Aleutians have erupted even more often, dusting and 
blanketing parts of northern Canada with ash (e.g. White River Ash). During the 1992 eruption of 
Mount Spurr in Alaska, ash blown southeastward over Canada by upper-atmospheric winds crossed 
over the Yukon Territory into British Columbia and Alberta, then blew over Ontario and Quebec 
before fading over the North Atlantic . (http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes; 
Hickson, C.J. and Edwards, B.R., 2001, Volcanic hazards. Canadian Hazards Atlas, Geological 
Survey of Canada Bulletin 548, p. 145-180)
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Sector collapse or debris avalanches were unknown prior to May 18, 1980.  These major events 
create a characteristic “hummocky” topography near the foot of the mountain, but the hummocks 
were given various origins, from glacial moraines to flood deposits.  The observations made at Mt. 
St. Helens followed by examination of the deposits, led to the revelation that these hummocks are 
the result of massive landslides.  


Since the identification of hummocks at Mt. St. Helens they have been identified at many other 
volcanoes around the world.  Debris avalanches seem to be most characteristic of stratovolcanoes in 
temperate regions.  At these temperate region volcanoes the combination of hot ground water and 
ample supplies of water leads to extensive alteration of the volcano’s interior, leading to 
weaknesses within the cone that when stressed by intruding magma bodies of earthquakes, readily 
fail, catastrophically. 
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USGS (United States Geological Survey) photographs - photographer unknown.
The hummocks from Mt. St. Helens were up to 50 metres high.  After the eruption, they created an 
almost impenetrable morass of precipitous blocks,  pools of water and mud.  
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Upper right:, GSC photograph, left:  USGS (United States Geological Survey) photograph 


The hummocks from Mt. St. Helens were up to 50 metres high.  After the eruption, they created an 
almost impenetratable morass of precipitous blocks,  pools of water and mud.  
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Figure Modified from: Dwight R. Crandell, 1989, Gigantic Debris Avalanche of Pleistocene Age 
from Ancestral Mount Shasta Volcano, California, and Debris-Avalanche Hazard Zonation: USGS 
(United States Geological Survey) Bulletin 1861 


Photograph Harry Glicken (United States Geological Survey)
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Photograph:  J. D. Griggs USGS (United States Geological Survey).  Photograph is of “VOG”, 
volcanic smog in Hawaii.
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Photograph: Damage to Broccoli crops, J. D. Grggs, USGS (United States Geological Survey)
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Many secondary hazards are also associated with volcanoes. These can continue to plague the 
region around a volcano for decades and sometimes generations.  Secondary hazards are those that 
are not directly associated with an eruption, but rather result from the environment created by the 
volcano’s eruption. These hazards include mudflows, debris flows, landslides, ground water 
contamination, and surface water contamination. These hazards may persist even long after the 
volcano is considered extinct.  In Canada, landslide hazards around volcanoes in South western 
British Columbia, continue thousands of years after the last known eruptions.


Stratovolcanoes are particularly susceptible to on-going debris flow hazard because they are 
commonly very steep and are found in regions of rugged terrain, and are often snow covered. Heat 
from deep-seated cooling magma causes hydrothermal alteration of the overlying rocks. In this type 
of alteration, hot water attacks the volcanic rocks, turning them into clay. The presence of clay 
weakens the rocks and increases the risk of landslides.  Volcanic rocks are also inherently weak 
because they are heavily jointed.  The contraction of the cooling magma creates cracks, leaving the 
rock susceptible to hydrothermal alteration, freeze thaw cycles and general instability.
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Photographs:  Paul Hickson, left: Mount St. Helens, May 18, 1980; right: Mount St. Helens, 
October, 1980
The May 18, 1980 eruption of Mt. St. Helens was one of the most influential eruptions in modern 
history.  Occurring in the conterminous United States, relatively accessible by both ground based 
travel and aircraft, in a country known for its scientific excellence and technology, the events 
leading up to the eruption and its aftermath were the subject of intense scrutiny and analysis.  Its 
continuing activity over the past 25 years has created a legacy of science unparalleled anywhere in 
the world.  Much of what we know of explosive volcanism is as a result of studying Mt. St. Helens 
and its instrumental record.  This legacy is helping volcanologists around the world better 
understand volcanoes and to predict their behaviour.  The figures, photographs and events described 
are part of a book, “Mt. St. Helens:  Surviving the Stone Wind” 2005, C.J. Hickson, Tricouni Press, 
96 p. The book can be purchased through the Geological Survey of Canada Book Store, 101 - 605 
Robson Street, Vancouver, BC [PUT IN WEB ADDRESS].
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Figures:  Left: and below are from “Mt. St. Helens:  Surviving the Stone Wind” 2005, C.J. Hickson, 
Tricouni Press, 96 p.;  Upper right: Geological Survey of Canada Poster “Living on the Edge”


Mt. St. Helens is part of the Cascade Magmatic Arc. The arc results from subduction of the Juan de 
Fuca plate underneath the North American Plate.


For additional information go to
http://vulcan.wr.usgs.gov/ 
http://vulcan.wr.usgs.gov/Volcanoes/MSH/
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The May 18, 1980 eruption of Mt. St. Helens was the world’s largest observed landslide.  
Approximately 1/3 of the volcano’s mass failed in three large landslides (figure B).  These 
landslides uncapped the extensive hot water (hydrothermal) system inside the volcano as well as 
slicing through the cryptodome growing inside (red area in Figure B).  The result was a cataclysmic 
phreatomagmatic explosion associated with the landslide.  This was the first time this complex 
eruptive event had been witnessed.  In the months following the 1980 eruption volcanologists began 
recognizing these massive avalanche deposits at other volcanoes. One of the largest is at Mt. 
Shasta, California, where the landslide swept out more than 50 kilometres.


“Cryptodome” is the term used for the “hidden dome” inside of Mt. St. Helens.  It is shown as the 
red area on the diagrams above.  Magma, pushing upward from the magma chamber about 10 
kilometres below, began to fill the volcano below the summit, pushing it upwards and outwards as 
the volcano cracked and expanded to make room for this extra mass of material.  


The figures, photographs and events described are part of a book, “Mt. St. Helens:  Surviving the 
Stone Wind” 2005, C.J. Hickson, Tricouni Press, 96 p.
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The water saturated edifice of the mountain was virtually instantaneously depressurized, leading to 
a phreatomagmatic blast of VEI 5.  Destroying more than 632 km2 of land around the volcano, it 
result was utter devastation.  Yet, importantly for volcanologists, the pyroclastic surge left only a 
thin, highly eroadable deposit.  The fragile evidence of such a huge event is a reminder to 
volcanologist that they much look hard and carefully, if they wish to fully understand the possible  
hazards at a volcano.  The landslide unroofed the volcano’s conduit and within 15 minutes a Plinian 
eruption column had shot upwards to a height of 25 kilometres. Upper atmosphere winds started the 
ash across the united states and Canada.  


The figures, photographs and events described are part of a book, “Mt. St. Helens:  Surviving the 
Stone Wind” 2005, C.J. Hickson, Tricouni Press, 96 p.
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632 km2 around the volcano were devastated in the phreatomagmatic blast and pyroclastic surge.  
The green area on the map outlines the area laid waste by the landslide that initiated the eruption.  
The surge was powerful enough to remove vegetation, including mature conifers up to 60 m in 
height.  Maximum temperatures were around 350 C, and the surge was still hot enough to singe the 
trees at its margin (purple).
Figure from “Mt. St. Helens:  Surviving the Stone Wind”,  2005, C.J. Hickson, Tricouni Press, 96 p.
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Photographs:  Upper, Harry Glicken (United States Geological Survey); Lower:  C.J. Hickson 
(University of British Columbia)
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Photographs:  top, C.J. Hickson, GSC  (Geological Survey of Canada); bottom left, P. Hickson; 
bottom right; C.J. Hickson (University of British Columbia)
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Photographs clockwise from the top - USGS (United States Geological Survey), C.J. Hickson 
(University of British Columbia), USGS (United States Geological Survey); C.J. Hickson 
(University of British Columbia)
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Photographs: USGS (United States Geological Survey)


The hummocks from Mt. St. Helens were up to 50 metres high.  After the eruption, they created an 
almost impenetratable morass of precipitous blocks,  pools of water and mud.  
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Photograph by J. Zollweg; graphic from USGS (United States Geological Survey), R.I. Tilling, 
Eruptions of Mount St. Helens


From 1980 to 1982, small explosions punctuated dome growth.  Finally in 1983, sustained dome 
growth began, continuing until 1986. 
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These figures show the amount of glacier ice and snow that occupied the mountain before May 18, 
1980.  The right hand figure shows how much was left and deteriorated over the twenty-five years 
since the eruption - a result of the volcano being lower and not catching as much snow fall. 
However, the north facing crater formed from the landslides, was a perfect catchment for snow. It 
accumulated over 200 metres of rock and snow that consolidated into a glacier in the past 20 years.  


Figure from “Mt. St. Helens:  Surviving the Stone Wind”,  2005, C.J. Hickson, Tricouni Press, 96 p.
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The schematic figure shows the outline of the original volcano; the size of the 1980 - 1986 dome 
and the growth of the new dome that appeared from beneath 200 m of ice October 1, 2005. 
Figures and photograph reproduced from “Mt. St. Helens:  Surviving the Stone Wind”,  2005, C.J. 
Hickson, Tricouni Press, 96 p.
Photograph:  Lower left:  USGS (United States Geological Survey)
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Figures and photograph reproduced from “Mt. St. Helens:  Surviving the Stone Wind”,  2005, C.J. 
Hickson, Tricouni Press, 96 p.; 
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Figures and photograph reproduced from “Mt. St. Helens:  Surviving the Stone Wind”,  2005, C.J. 
Hickson, Tricouni Press, 96 p.
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The figure shows the rising amount of seismic energy being released by the volcano.  The 
escalating number of earthquakes were soon punctuated by steam explosions (green lines). Figures 
and photograph reproduced from “Mt. St. Helens:  Surviving the Stone Wind”,  2005, C.J. Hickson, 
Tricouni Press, 96 p.; photographs USGS (United States Geological Survey)
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The first explosion was Oct. 1, but the glacier behind the 1980-1986 dome was heavily fractured 
and moving upwards prior to the first explosions.  Soon a large crater had formed.


The figure shows the rising amount of seismic energy being released by the volcano.  The 
escalating number of earthquakes were soon punctuated by steam explosions (dashed green lines). 
Figures and photograph reproduced from “Mt. St. Helens:  Surviving the Stone Wind”,  2005, C.J. 
Hickson, Tricouni Press, 96 p.; photographs USGS (United States Geological Survey)
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This photograph of Bezmiamy, Russia is by Echilberger (U. Fairbanks, Alaska).  Bezmiamy 
erupted in 1955- 56 in a similar fashion to the May 18, 1980 eruption of Mt. St. Helens.  The 
landslide created a similar crater to MSH and since the eruption, a dome has been forming in the 
crater.
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In Canada, British Columbia and Yukon are the host to a vast wealth of volcanic landforms. 
Photographs C.J Hickson, GSC  (Geological Survey of Canada), top, Eve Cone, Mt. Edziza, C.J 
Hickson; bottom, Mt. Garibaldi area, GSC  (Geological Survey of Canada)
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Canada has examples of almost every type of volcano found in the world, including 
stratovolcanoes, shield volcanoes, calderas, cinder cones, and maars. Although none of Canada's 
volcanoes are currently erupting, several volcanoes and volcanic regions are considered to be 
potentially active. In addition, volcanic eruptions in Alaska or along the west coast of the United 
States (Washington, Oregon, and California) can have a significant impact on agriculture and air 
travel across much of western Canada. Large-scale eruptions anywhere in the world have the 
potential to affect weather patterns in Canada. 
(http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes/00_1_intro_e.php; Hickson, C.J. and 
Edwards, B.R., 2001, Volcanic hazards. Canadian Hazards Atlas, Geological Survey of Canada 
Bulletin 548, p. 145-180)


Figure from “Mt. St. Helens:  Surviving the Stone Wind”,  2005, C.J. Hickson, Tricouni Press, 96 p.
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Artist's cross section illustrating the main types of plate boundaries (see text); East African Rift 
Zone is a good example of a continental rift zone. (Cross section by José F. Vigil from This 
Dynamic Planet -- a wall map produced jointly by the U.S. Geological Survey, the Smithsonian 
Institution, and the U.S. Naval Research Laboratory.) 
URL: http://pubs.usgs.gov/publications/text/Vigil.html 


Deep within the earths interior, upwelling currents (mantle plumes) of hot material create “hot 
spots” on the underside of the earth’s lithosphere.  These hot spots create volcanoes on the earth’s 
crust above.  Over eons and millennium, as the crust moves slowly over these stationary mantle 
plumes, a chain of volcanoes is created.  Perhaps best known is the Hawaiian Islands, but in British 
Columbia a chain of volcanoes called the Anahim belt extends from the coast (oldest volcanoes) to 
Nazko Cone in the interior (youngest). Also shown in this diagram is spreading apart of the 
continental crust in a “rift” zone.  This is similar to what is happening in the Stikine Volcanic Belt.


In a subduction zone, one piece of crust is forced down into the mantle below the overriding crust. 
In most subduction zones, the crust being forced into the mantle is oceanic crust, which is generally 
denser than continental crust and commonly covered in thick, wet sediments and ooze. As these 
sediments and ooze are carried into the Earth's mantle with the oceanic crust, rising heat and 
pressure dry them out in a process called 'dehydration'. The water expelled from the descending 
crust rises and changes the chemical composition of the overlying mantle. The presence of water 
actually lowers the melting temperature of the overlying mantle rocks and causes them to melt. 
Melting mantle forms magma that rises through the crust to erupt on the surface, forming a volcano. 
In Canada, subduction-zone volcanoes are found only in extreme southwestern British Columbia, as 
part of the Cascade volcanic arc and in the Yukon, as the extreme eastern edge of the Aleutian Arc. 
(http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes/01_tec_env_e.php;  Hickson, C.J. and 
Edwards, B.R., 2001, Volcanic hazards. Canadian Hazards Atlas, Geological Survey of Canada 
Bulletin 548, p. 145-180)


The volcanoes younger than about 5 million years in western Canada can be grouped into 6 
volcanic belts.  These belts each have a tectonic origin.  The Wrangell’s and Garibaldi belts are the 
result of subduction.
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Figure from:
Hickson, C.J. 2000. Physical controls and resulting morphological forms of Quaternary ice-contact 
volcanoes in western Canada. Geomorphology, 32, p. 239-261
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Canada has examples of almost every type of volcano found in the world, including 
stratovolcanoes, shield volcanoes, calderas, cinder cones, and maars. Although none of Canada's 
volcanoes are currently erupting, several volcanoes and volcanic regions are considered to be 
potentially active. In addition, volcanic eruptions in Alaska or along the west coast of the United 
States (Washington, Oregon, and California) can have a significant impact on agriculture and air 
travel across much of western Canada. Large-scale eruptions anywhere in the world have the 
potential to affect weather patterns in Canada. 
((http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes/00_1_intro_e.php; Hickson, C.J. and 
Edwards, B.R., 2001, Volcanic hazards. Canadian Hazards Atlas, Geological Survey of Canada 
Bulletin 548, p. 145-180)
The volcanoes younger than about 5 million years in western Canada can be grouped into 6 
volcanic belts.  These belts each have a tectonic origin.  The Wrangell’s and Garibaldi belts are the 
result of subduction, the Anahim, a mantle hot spot and the Wells Gray-Clearwater Volcanic field 
the result of crustal weaknesses.  The Stikine belt is the result of crustal rifting.  
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Top ten, based on recent seismic activity – M. V. Stasiuk, C.J. Hickson, and T. Mulder, 2003, The 
Vulnerability of Canada to Volcanic Hazards, Natural Hazards, Vol. 28, p. 563-589.
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Canada, as well as hosting virtually all the different types of volcanoes, is also home to many 
volcanoes that erupted under the thick glacial cover that occupied much of western Canada several 
times over the past million or so years.  When a volcano is confronted by ice, it erupts and forms a 
volcano very differently to what it would be like if it had erupted into air.  The Stikine Belt is the 
site of many subglacial eruptions and Tuya Butte in northern BC is the type locality for the special 
type of volcano called a “tuya”.  The word was coined by Dr. Bill Mathews a professor at the 
University of British Columbia who worked in northern British Columbia in the 1940s.  He had also 
been to Iceland and seen similar features, this along with his experience in glaciers allowed him to 
put two and two together and suggest that a feature like Tuya Butte actually grew up under thick 
glacial cover.  


The figure above shows how a subglacial volcano forms. As the volcano spews out lava, the 
pressure of the overlying ice and water prevent it from exploding.  Instead it oozes out forming 
pillow like shapes.  As the lava spews forth, it beginning to build a mound of pillows.  Some of the 
pillows roll down the growing slopes forming pillow breccia.  Eventually, if the eruption lasts long 
enough, the volcano emerges from beneath the water and its icy chamber in the glacier.  When then 
happen, lava flows over the surface of the mound, forming layers of subaerial lava flows.  When 
these flows hit the waters edge, they again from pillows, rolling down the flanks of the growing 
volcano.  In this way a steep sided, flat topped volcano is formed termed a “tuya”.  


(http://gsc.nrcan.gc.ca/volcanoes/type_e.php;  Hickson, C.J. and Edwards, B.R., 2001, Volcanic 
hazards. Canadian Hazards Atlas, Geological Survey of Canada Bulletin 548, p. 145-180)







January 3, 2006: Hickson and Ulmi, Geological Survey of Canada


Slide 81: V4
Canada, as well as hosting virtually all the different types of volcanoes, is also home to many 
volcanoes that erupted under the thick glacial cover that occupied much of western Canada several 
times over the past million or so years.  When a volcano is confronted by ice, it erupts and forms a 
volcano very differently to what it would be like if it had erupted into air.  The Stikine Belt is the 
site of many subglacial eruptions and Tuya Butte in northern BC is the type locality for the special 
type of volcano called a “tuya”.  The word was coined by Dr. Bill Mathews a professor at the 
University of British Columbia who worked in northern British Columbia in the 1940s.  He had also 
been to Iceland and seen similar features, this along with his experience in glaciers allowed him to 
put two and two together and suggest that a feature like Tuya Butte actually grew up under thick 
glacial cover.  


The figure above shows how a subglacial volcano forms. As the volcano spews out lava, the 
pressure of the overlying ice and water prevent it from exploding.  Instead it oozes out forming 
pillow like shapes.  As the lava spews forth, it beginning to build a mound of pillows.  Some of the 
pillows roll down the growing slopes forming pillow breccia.  Eventually, if the eruption lasts long 
enough, the volcano emerges from beneath the water and its icy chamber in the glacier.  When then 
happen, lava flows over the surface of the mound, forming layers of subaerial lava flows.  When 
these flows hit the waters edge, they again from pillows, rolling down the flanks of the growing 
volcano.  In this way a steep sided, flat topped volcano is formed termed a “tuya”.  


(http://gsc.nrcan.gc.ca/volcanoes/type_e.php;  Hickson, C.J. and Edwards, B.R., 2001, Volcanic 
hazards. Canadian Hazards Atlas, Geological Survey of Canada Bulletin 548, p. 145-180)
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Canada has examples of almost every type of volcano found in the world, including 
stratovolcanoes, shield volcanoes, calderas, cinder cones, and maars. Although none of Canada's 
volcanoes are currently erupting, several volcanoes and volcanic regions are considered to be 
potentially active. In addition, volcanic eruptions in Alaska or along the west coast of the United 
States (Washington, Oregon, and California) can have a significant impact on agriculture and air 
travel across much of western Canada. Large-scale eruptions anywhere in the world have the 
potential to affect weather patterns in Canada. 
((http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes/00_1_intro_e.php; Hickson, C.J. and 
Edwards, B.R., 2001, Volcanic hazards. Canadian Hazards Atlas, Geological Survey of Canada 
Bulletin 548, p. 145-180)


The volcanoes younger than about 5 million years in western Canada can be grouped into 6 
volcanic belts.  These belts each have a tectonic origin.  The Wrangell’s and Garibaldi belts are the 
result of subduction, the Anahim, a mantle hot spot and the Wells Gray-Clearwater Volcanic field 
the result of crustal weaknesses.  The Stikine belt is the result of crustal rifting.  
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Volcano Mountain is a small, asymmetrical cinder cone approximately 300 m high. Lava flows 
issued through breaks in the cone wall to the northeast and to the southwest. The surface of this 
basaltic lava flow from Volcano Mountain broke into chunks as the lava flowed. These chunks have 
been tossed about and upended creating a clinkery surface typical of some basaltic lava flows. 


Photographs by L. Jackson, GSC  (Geological Survey of Canada)
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Tuya Butte is the type locality for a “tuya” – a term coined by Dr. Bill Mathews for these flat-
topped, steep sided subglacial volcanoes.  







January 3, 2006: Hickson and Ulmi, Geological Survey of Canada


Slide 85: V4
Caribou SUGM is actually a Sub-glacial Mound (SUGM).  It is a volcano that ceased erupting 
before it managed to escape from the icy grip of the glacier, so has no capping subaerial flows.  
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The above photographs show what a pillow looks like as well as “pillow breccia” - the broken 
pieces of pillow that form the tuya.
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Mount Edziza is one of the largest volcanoes in the Stikine Volcanic Belt.  It is the remnant of a 
large shield volcano, now heavily eroded by overriding glaciers. The peak is 2590 m high and is 
surrounded by a high plateau with many other volcanoes and volcanic landforms.  Photographs by 
C.J. Hickson, GSC  (Geological Survey of Canada)
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Pyramid Mountain is a dome – that is a mound of thick viscous lava - that erupted on the flanks of 
Mt. Edziza, Photograph, C.J. Hickson, GSC  (Geological Survey of Canada)
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Eve Cone, is one of the youngest cinders cones on the flanks of Mt. Edziza, BC.  Dating of a near 
by cone indicated it was 1,200 years old.  Eve Cone is likely around the same age.  Photographs C.J. 
Hickson, GSC  (Geological Survey of Canada)
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Photograph:  Ben Edwards UBC (University of British Columbia)


Hoodoo Volcano, viewed looking northwest, rises above the surrounding valley of the Iskut River 
and flanking glaciers on this rare clear day in the British Columbia Coast Mountains. The flattened 
top of the volcano attest to the constant struggle of the volcano
with surrounding and overlying ice during its 100 000 year eruptive history.
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Lava Levees at Lava Fork Well defined lava levees and flow features can be seen on the surface 
of lava flows emanating from Lava Fork volcano. Although the vent area is relatively nondescript, 
significant quantities of lava poured down the steep slopes into the valley below, travelling over 15 
km. Photograph by Kelly Russell UBC (University of British Columbia)


Lava Fork volcano is located immediately north of the British Columbia-Alaska border in 
northwestern British Columbia, approximately 60 km northwest of the town of Stewart. The 
volcano is one of 10 found along or near the Iskut River. The deposits at Lava Fork comprise 
mainly basaltic lava flows, which erupted from a vent high up on the side of a glaciated, U-shaped 
valley and flowed south 5 km where they crossed the border into Alaska and dammed the Blue 
River, forming several small lakes. In total, the lava flows are approximately 22 km long. The vent 
area has small deposits of sulphur precipitated from volcanic gases and volcanic bombs up to 0.5 m 
long. The surface of the lava flows still have well preserved flow features such as pressure ridges 
and lava channels, as well as pits formed when the overlying solidified lava collapsed into 
underlying lava tubes. In many areas, large trees were engulfed by the lava flows and are now found 
embedded in the top of the flows. 


At least two different episodes of eruption produced the basaltic lava flows at the Lava Fork vent. 
On the basis of tree-ring-core dating and 14C dating, the youngest of these lava flows is probably 
only 150 years old. This makes Lava Fork the youngest known volcano in Canada. Because the 
Iskut region is so remote and the style of eruption involves basically passive, fluid lava flows, 
future eruptions from Lava Fork pose little threat. Damming of local water courses may disrupt fish 
habitat and spawning grounds, but ash clouds are unlikely to be high enough to disrupt international 
jet traffic. They could potentially threaten lower flying aircraft along the northern coastal corridor 
between Vancouver and Alaska. 
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Nass Valley, BC
Dr. Andre Panteleyev (British Columbia Geological Survey, retired) posing beside sign for the 
Nisga’a Memorial Laval bed  provincial park.  Photograph C.J. Hickson, GSC  (Geological Survey 
of Canada)
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The flows travelled over 20 kilometres from the small cinder cone - Tseax Cone (marked Crater, 
Wil Ksi Baxhl Mihl, above), in a tributary valley of Tseax River.  the Nisga’a Memorial Lava Bed 
Provincial Park, Nass Valley, Stikine Belt.
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Nass Valley aerial photograph showing lava flows coming down crater creek.  As the lava spilled 
from the crater an estimated 250 years ago (between 1750 and 1780), it followed a creek bed 
downslope to the point of the future Lava Lake (formed by the damming of Tseax River by the 
lava).  At this point it flowed down the Tseax Valley to the Nass River. The lava travelled at 
different speeds depending on the steepness of the slope.  Over 39 km2 was covered by lava flows.
Photographs, Carol Evenchick, GSC  (Geological Survey of Canada)







January 3, 2006: Hickson and Ulmi, Geological Survey of Canada


Slide 95: V4
In the Nass River valley, the fluid flows spread out.  They covered the two Nisga’a town sites and 
may even have blocked the Nass River for a short period of time. Photographs, Carol Evenchick, 
GSC  (Geological Survey of Canada)







January 3, 2006: Hickson and Ulmi, Geological Survey of Canada


Slide 96: V4
Tree cast - formed by burned out tree trunks leaving holes in the lava. Lava tubes are also found.  
These form as the lava drains out of the surrounding hardened lava shell surrounding the still hot 
and fluid interior (see Slides 19 and 20 for additional information on lava tubes).


Photo: Dave Lefebure
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Native art reflecting oral history of volcanic eruption in Nass River Valley.  The eruption affected 
the local fishery and killed as many as 2000 people.


Art from Nisga’a Master Plan: 
http://www.env.gov.bc.ca/bcparks/planning/mgmtplns/nisgaa/finalnis.pdf
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Canada has examples of almost every type of volcano found in the world, including 
stratovolcanoes, shield volcanoes, calderas, cinder cones, and maars. Although none of Canada's 
volcanoes are currently erupting, several volcanoes and volcanic regions are considered to be 
potentially active. In addition, volcanic eruptions in Alaska or along the west coast of the United 
States (Washington, Oregon, and California) can have a significant impact on agriculture and air 
travel across much of western Canada. Large-scale eruptions anywhere in the world have the 
potential to affect weather patterns in Canada. 
((http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes/00_1_intro_e.php; Hickson, C.J. and 
Edwards, B.R., 2001, Volcanic hazards. Canadian Hazards Atlas, Geological Survey of Canada 
Bulletin 548, p. 145-180)
The volcanoes younger than about 5 million years in western Canada can be grouped into 6 
volcanic belts.  These belts each have a tectonic origin.  The Wrangell’s and Garibaldi belts are the 
result of subduction, the Anahim, a mantle hot spot and the Wells Gray-Clearwater Volcanic field 
the result of crustal weaknesses.  The Stikine belt is the result of crustal rifting.  
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Canada has examples of almost every type of volcano found in the world, including 
stratovolcanoes, shield volcanoes, calderas, cinder cones, and maars. Although none of Canada's 
volcanoes are currently erupting, several volcanoes and volcanic regions are considered to be 
potentially active. In addition, volcanic eruptions in Alaska or along the west coast of the United 
States (Washington, Oregon, and California) can have a significant impact on agriculture and air 
travel across much of western Canada. Large-scale eruptions anywhere in the world have the 
potential to affect weather patterns in Canada. 
((http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes/00_1_intro_e.php; Hickson, C.J. and 
Edwards, B.R., 2001, Volcanic hazards. Canadian Hazards Atlas, Geological Survey of Canada 
Bulletin 548, p. 145-180)
The volcanoes younger than about 5 million years in western Canada can be grouped into 6 
volcanic belts.  These belts each have a tectonic origin.  The Wrangell’s and Garibaldi belts are the 
result of subduction, the Anahim, a mantle hot spot and the Wells Gray-Clearwater Volcanic field 
the result of crustal weaknesses.  The Stikine belt is the result of crustal rifting.  
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The Wells Gray region of east-central British Columbia is a volcanic field made up of numerous, 
small, basaltic volcanoes. Individual volcanoes have been active for at least the last three million 
years during which time the region was covered by thick glacial ice at least twice, prior to the well 
known Fraser Glaciation (also known as the 'Wisconsin Glaciation'). Volcanic eruptions underneath 
and through the thick blankets of glacial ice produced numerous unique glacial volcanoes and 
deposits, including one explosive, subaqueous volcano, five tuyas, at least one subglacial mound, 
and numerous, thick, valley-filling deposits of volcanic rocks. Between the periods of glaciation, 
the volcanoes continued to erupt and filled river valleys with many layers of basaltic lava flows. 
Photographs by C.J. Hickson, GSC  (Geological Survey of Canada)
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Dragon Cone is the source of the 15 km long Dragon's Tongue lava flow that dams Clearwater 
Lake. The cone, made up of cinders, blocks, and bombs, is perched on the side of a ridge of 
metamorphic rock. Photograph by C.J. Hickson, GSC  (Geological Survey of Canada)
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Photographs by C.J. Hickson, GSC  (Geological Survey of Canada)


Hyalo Ridge, a tuya in the Wells Gray – Clearwater volcanic field is made up of pillows, and 
hyaloclastite.   See section on ‘Fire and Ice’ and subglacial volcanoes for additional information.
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Photographs by C.J. Hickson, GSC  (Geological Survey of Canada)


White Horse Bluff, another distinctive subglacial volcano at Wells Gray Park, has a most un-
volcano-like form. The bluff is an eroded remnant that marks the place of a violent eruption, 
thought to have involved the following sequence of events: 1) water, likely dammed by glacial ice, 
filled the Clearwater River valley; 2) the water flooded down the volcano's vent, producing large 
explosions of steam and broken lava fragments (phreatomagmatic eruption); 3) once the explosions 
had subsided, these fragments settled back into the water, building up a volcano composed almost 
entirely of fragmental volcanic glass (hyaloclastite). 
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Photograph by C.J. Hickson, GSC  (Geological Survey of Canada)


Pyramid Mountain, once mistaken for a cinder cone, is now known to have formed below several 
thousand metres of glacial ice. Hemmed in by the surrounding ice, the volcano erupted vigorously, 
creating layers of glassy, but vesicular, scoria intermixed with smoothed cobbles of granite and 
metamorphic rock. These rocks were picked up by a glacier many kilometres away and melted out 
of the ice because of heat from the volcano. Although it had a vigorous start, the eruption that 
formed Pyramid Mountain was not sufficiently sustained to form a larger edifice that could break 
through the surrounding ice and water to form a tuya. See section on ‘Fire and Ice’ and subglacial
volcanoes for additional information.
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Canada has examples of almost every type of volcano found in the world, including 
stratovolcanoes, shield volcanoes, calderas, cinder cones, and maars. Although none of Canada's 
volcanoes are currently erupting, several volcanoes and volcanic regions are considered to be 
potentially active. In addition, volcanic eruptions in Alaska or along the west coast of the United 
States (Washington, Oregon, and California) can have a significant impact on agriculture and air 
travel across much of western Canada. Large-scale eruptions anywhere in the world have the 
potential to affect weather patterns in Canada. 
((http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes/00_1_intro_e.php; Hickson, C.J. and 
Edwards, B.R., 2001, Volcanic hazards. Canadian Hazards Atlas, Geological Survey of Canada 
Bulletin 548, p. 145-180)
The volcanoes younger than about 5 million years in western Canada can be grouped into 6 
volcanic belts.  These belts each have a tectonic origin.  The Wrangell’s and Garibaldi belts are the 
result of subduction, the Anahim, a mantle hot spot and the Wells Gray-Clearwater Volcanic field 
the result of crustal weaknesses.  The Stikine belt is the result of crustal rifting.  
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Mount Meager, 150 km north of Vancouver, British Columbia, is the youngest of four overlapping 
stratovolcanoes resting on a 400 m high ridge of non-volcanic, crystalline and metamorphic rock. 
The complex comprises at least eight vents that have produced basaltic to more evolved andesitic, 
dacitic, and rhyolitic magmas. Andesite lava flows (500,000 to 1,000,000 years old) are the most 
abundant rock type and their maximum total flow thickness is over 1000 metres. The most recent 
volcanic activity started 2350 radiocarbon years ago from a vent on the northeast side of the 
mountain and consisted of a massive, dacitic, Plinian eruption. (Hickson, C.J. and Edwards, B.R., 
2001, Volcanic hazards. Canadian Hazards Atlas, Geological Survey of Canada Bulletin 548, p. 
145-180)







January 3, 2006: Hickson and Ulmi, Geological Survey of Canada


Slide 108: V4
A short, stubby lava flow was the last volcanic event to rock the Mount Meager area. The dacitic 
lava cooled into well formed columns over and through which Fall Creek has cut a path. 
(http://www.nrcan.gc.ca/gsc/pacific/vancouver/volcanoes/catalogue/16_2_cata_e.php)
(Hickson, C.J. and Edwards, B.R., 2001, Volcanic hazards. Canadian Hazards Atlas, Geological 
Survey of Canada Bulletin 548, p. 145-180)
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Figure from “Geoscapes Vancouver”
Contributors: Natural Resources Canada, Geological Survey of Canada; J.J. Clague, S.G. Evans, 
B.J. Groulx, C.J. Hickson, L.E. Jackson, Jr., J.M. Journeay, J.L. Luternauer, P. Metcalfe, D.C. 
Mosher, B.D. Ricketts, G.C. Rogers, R.J.W. Turner, G.J. Woodsworth, D. Lemieux B.C. Ministry 
of Employment and Investment, Geological Survey Branch; P.T. Bobrowsky, S. Sibbick, W. 
Jackaman; B.C. Ministry of Environment, Water Management Division; T.N. Hamilton; Simon 
Fraser University; P.S. Mustard; Design & Cartography: B.J. Groulx, T. Williams, B. Sawyer 
URL: http://geoscape.nrcan.gc.ca/vancouver/living_e.php


Mt. Meager's eruption of 2350 years ago is the youngest major explosive eruption in Canada (there 
were many other smaller cinder cone forming events) . It was similar to that of Mt. St. Helens in 
1980 and also the ongoing eruption of Montserrat in the Caribbean. The explosive phase of this 
eruption generated an ash plume that covered most of southern B.C. and extended into southern 
Alberta. The existence of anomalous heat beneath Mt. Meager is demonstrated by the large number 
of hotsprings around the volcano, some of which feed the hot tubs at Meager hotsprings. Meager is 
also the site of on-going geothermal explorations, as companies try to tap this “free” energy from 
the earth’s interior.  
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Just south of Mt. Meager are several subglacial volcanoes.  This one is called Little Ring Mountain. 
Photo: C.J. Hickson
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To the west of Mount Garibaldi and to the south of Mount Meager, are another series of volcanic 
vents, the largest of which is Mount Cayley.  This volcanic area is called the Mount Cayley 
volcanic field and was focus of a Ph.D. study by Melanie Kelman, completed in 2005.
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Mt. Cayley, an eroded stratovolcano northwest of Squamish. The volcano hosts several hotsprings 
as well as an anomalous geophysical feature at about 15 km depth.  This feature could represent a 
magma chamber, but not enough studies of the volcano have been carried out to explain what it 
really is, and if it is related to Mt. Cayley. Photograph, C.J. Hickson, GSC  (Geological Survey of 
Canada)
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Mt. Fee, a volcanic neck in the Mt. Cayley volcanic field. Photographs by C.J. Hickson, GSC  
(Geological Survey of Canada)
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Figure from “Geoscapes Vancouver”
Contributors: Natural Resources Canada, Geological Survey of Canada; J.J. Clague, S.G. Evans, 
B.J. Groulx, C.J. Hickson, L.E. Jackson, Jr., J.M. Journeay, J.L. Luternauer, P. Metcalfe, D.C. 
Mosher, B.D. Ricketts, G.C. Rogers, R.J.W. Turner, G.J. Woodsworth, D. Lemieux B.C. Ministry 
of Employment and Investment, Geological Survey Branch; P.T. Bobrowsky, S. Sibbick, W. 
Jackaman; B.C. Ministry of Environment, Water Management Division; T.N. Hamilton; Simon 
Fraser University; P.S. Mustard; Design & Cartography: B.J. Groulx, T. Williams, B. Sawyer 
URL: http://geoscape.nrcan.gc.ca/vancouver/living_e.php
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This Landsat image of the area surrounding Garibaldi volcano shows several different volcanic 
features including lava flows (Ring Creek, Rubble Creek, Clinker Ridge), a volcanic neck (The 
Black Tusk), and a partly eroded stratovolcano (Mount Garibaldi, Atwell Peak, Dalton Dome). Also 
visible is The Barrier, which has been the source of several catastrophic rock avalanches. The 
approximate outline of the Squamish District Municipality is also shown for reference. 
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Many of the volcanoes that make up the Garibaldi volcanic belt are shown in this panorama.  
Clinker Peak is probably the youngest in the photograph, erupting after Mt. Garibaldi, but while ice 
was still present in the valley.  The lava flow was blocked by ice filling the Cheakamus valley and 
chilled against it forming a steep cliff.  The steep cliff failed on a number of occasions forming a 
series of landslides, the most recent of which was in 1855-56.  The cliff is referred to as the 
“Barrier”.  The lava flow also dams Garibaldi Lake.   
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Erupting about 50,000 years ago, Black Tusk is a small remnant of a much larger volcano.  
Photograph by C.J. Hickson, GSC  (Geological Survey of Canada)
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The multiple layers of lavas that make up The Table were cooled rapidly inside a stove pipe like 
void in a thick sheet of glacial ice.  The eruption appears to have been passive and lava welled up, 
spreading only as far as the confines of the glacial void would permit.  Multiple flows eventually 
built this edifice with vertical walls showing evidence of rapid cooling.   Photograph by C.J. 
Hickson, GSC  (Geological Survey of Canada)
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Mount Garibaldi, BC, is part of a complex series of volcanic centres that form the Garibaldi 
volcanic belt.  These volcanoes form the northern end of what is called the Cascade Range, or 
Cascade Magmatic Arc in the United states.  Mt. Garibaldi erupted near the end of the Fraser 
Glaciation, about 10,000 years ago.
Photograph by C.J. Hickson, GSC  (Geological Survey of Canada)
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Photographs by C.J. Hickson, GSC  (Geological Survey of Canada)
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View looking south of four volcanoes with different morphologies. Garibaldi volcano, encompasses 
three different mountain peaks (Mount Garibaldi, Atwell Peak, and Dalton Dome), is the large 
stratovolcano in the background. Table Mountain is a flat-topped, steep-sided volcano that erupted 
under glacial ice. Clinker Peak and Mount Price are the volcanoes in the foreground. Prominent 
levees are visible emanating from Mount Price. These levees demarcate the edges of a lava flow 
that erupted about 10,000 years ago. Photograph by C.J. Hickson, GSC  (Geological Survey of 
Canada)
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The Barrier, a lava flow emanating from Clinker Peak, was dammed against glacial ice that filled 
the Cheakamus valley at the end of the last ice age. This created an anomalously thick, blunt ended 
lava flow.  The blunt end failed several times after the retreat of the ice left is unsupported and 
unstable.  The lava also forms its own dam – a dam that is the cause of Garibaldi lake. Photographs 
by C.J. Hickson, GSC  (Geological Survey of Canada)
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Photographs by C.J. Hickson, GSC  (Geological Survey of Canada)
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In the Cheakamus valley, basaltic lava welled upward creating lava flows.  Many of these flows 
show evidence of ice contact and in fact several  of them forms lava “eskers”.  These photographs 
are of the well developed columns formed by the rapidly cooling basaltic lava flows and are found 
near Brandy Wine Falls Provincial Park.  
Photographs: left, top right C.J. Hickson GSC (Geological Survey of Canada); bottom left, J.K. 
Russell UBC (University of British Columbia.
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The Garibaldi Volcanic belt is the northern extension of the “Cascade Magmatic Arc” – the name 
used in the United States for the chain of volcanoes that extends northward from California.  
Closest to us are Mt. Baker and Glacier Peak
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Visible from much of the western Fraser Valley, Mt. Baker is a young active volcano from which 
steam can often be seen on a cold winter day after a heavy snow fall.  


Photographs:
right – Jim Smith, August 11, 1984, view up Sulphur Creek, with Black buttes to the left and 
Schreiber's meadow cinder cones in the foreground.
Left – C. J. Hickson GSC (Geological Survey of Canada)
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An eruption of Mt. Baker is not expected to be as large as the May 18, 1980 eruption of Mt. St. 
Helens, as Mt. Baker erupts andesitic lava.   The type of eruption expected will likely include ash 
eruptions up to about 10 – 15, 000 metres in height, lahars (debris flows) and pyroclastic flows 
closer to the mountain.  Of these hazards, it is likely that parts of Canada will receive ash and 
flooding from the debris flows may move northward in the Sumas valley and cross the border at 
Sumas, flooding the Sumas Prairie.  
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Slide 128: V4
Photographs: C.J. Hickson GSC (Geological Survey of Canada) lower and right hand photographs 
taken in 1998.


Visible from much of the western Fraser Valley, Mt. Baker is a young active volcano from which 
steam can often be seen on a cold winter day after a heavy snow fall.  The steam is coming from 
Sherman Crater, site of the hottest geothermal (hot water) fields in the Cascade magmatic arc. 
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Slide 129: V4
An eruption of Glacier Peak could be very large.  Its last eruption at the end of the last ice age 
(about 10,000 years ago) was larger than the May 18, 1980 eruption of Mt. St. Helens.  However, 
because Glacier Peak is farther away than Mt. Baker it is likely that parts of Canada will receive 
only ash.  Where the ash is deposited will depend on the direction the wind is blowing on the day of 
the eruption. 
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Slide 130: V4
An eruption of Glacier Peak could be very large.  Its last eruption at the end of the last ice age 
(about 10,000 years ago) was larger than the May 18, 1980 eruption of Mt. St. Helens.  However, 
because Glacier Peak is farther away than Mt. Baker it is likely that parts of Canada will receive 
only ash.  Where the ash is deposited will depend on the direction the wind is blowing on the day of 
the eruption. 
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