
EXPLOSIVE ERUPTIONS

Surtseyan, Vulcanian and Plinian eruptions are all
explosive eruptions, and have many features in
common.  The main differences are in the size
and violence of the eruption.



 As magma ascends, the pressure reduces, dissolved gases   
in the magma expand and explosively fragment the magma.

 This mixture of gas and magma blasts out of the volcano at
high speed (up to 500 m/sec), producing an expanding
eruption column.

 The eruption column can extend up into the stratosphere.
 The ash then falls to the ground, blanketing large areas with

thick ash deposits.



Isopach Maps – are contour maps that show the thickness
of the volcanic ash deposits.
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Ash thickness is given in centimeters (1 – 20)



Isopach maps, together with information on 
particle size (how coarse or fine it is) can be 
used to tell a lot about an eruption (it is 
particularly useful for understanding past 
eruptions).
 How big it was.
 What type of eruption Surtseyan,Vulcanian, 

Plinian)
 Height of the eruption column.
 How violent it was.



Eruption Columns

A classic plinian
eruption column,
Redoubt Volcano,
Alaska 1990

There are two parts to the eruption column:-
 The lower convective region
 The upper umbrella region



A relatively small plinian
eruption, Mt. Augustine,
Alaska, 1986.
Note the typical billowing
eruption column and heavy 
ash fall.

A close up of the convective
region of Mount St. Helens 
eruptive column (1980).  The
column rose to over 26 km
into the atmosphere.



Satellite view of atmospheric
aerosols (ash) before and 10
days after the eruption.  Note
how it has encircled the earth,
remaining there for several
years and reducing the earth’s
temperature by 2-3 0C.

Mount Pinatubo, Philippines, 1991

The huge eruption column
rose to a height of 40 km into the 
stratosphere.  It was 8 times 
bigger than Mount St. Helens.



Ash from Pinatubo, 1991 Encircles the Earth

Sunlight extinction due to dust and volcanic ash from 1985 to 1992.
 From 1985 onwards, the atmosphere is clearing following the 

eruption of El Chichon, Mexico in 1982.
 Ruiz volcano in Columbia erupts in November 1985, then the                    

atmosphere clears again.
 Mount Pinatubo erupts in June 1991 and blankets the earth. 



HAZARDS ASSOCIATED WITH 
EXPLOSIVE ERUPTIONS

 Ash Fall
 Pyroclastic Flows (Glowing Ash Clouds)
 Pyroclastic Surges
 Lateral Blasts
These are all inter-related and may occur 

during the same eruption.
 Mud Flows (Lahars)
 Flooding
These are secondary inter-related processes



ASH FALLS

 Two meters of ash fell on Pompeii.  Some roofs collapsed, 
but this is unlikely to be responsible for the 2-3,000 deaths.  
Now known to result from pyroclastic flows and surges.

 Large Plinian eruption (named after Pliny the Younger).  
Note the extensive ash fall.



Ash cloud over central 
Washington, Mount St. Helens

Ash fall 3 km from Pinatubo

Ash fall at Clark airbase, about 25 km from Pinatubo



Ash fall at Rabaul, Papua New Guinea, 1994

Rabaul again Ash fall from Mt.Spurr 1992
closes Anchorage airport.



Ash Fall Hazards
 Ash falls are the most widespread of all volcanic 

hazards - may cover 1000-10,000 km2 with >10 
cm of ash during a large eruption.

 Fine ash may spread across continents (Mt St. 
Helens, 1980) or even encircle the globe 
(Pinatubo, 1991).

 Hazards are closest to the vent, decreasing with 
increasing distance.

 About 11,000 deaths have been attributed to ash 
fall since 1600 A.D. (probably an overestimate).  
Most caused by collapsing roofs due to weight of 
ash (worse if wet).



Nature of ash fall hazards

More of a nuisance than a hazard
 Damages or kills crops (even a few cms).
 Causes respiratory problems.
 Pollutes water supplies and drainage.
 Disrupts transportation and lifestyle.
 Can poison grazing animals (fluorosis).
 Damage aircraft, with the potential to cause fatal 

crashes.



Aviation Safety
Ash clouds can cause considerable damage to aircraft,
endanger lives and interrupt transportation and commerce.



Eyjafyalla Volcano, Iceland, April 2010



Ash Distribution from Eyjafyalla Volcano, Iceland, 
April 2010



Effect of Ash over Europe from Eyjafyall 
Volcano, Iceland, April 21, 2010

Airports closed – blue crosses
Airports open – yellow crosses



Mud Flows (Lahars)
 Rapidly flowing mixtures of rock debris (often ash) 

and water originating on the flanks of volcanoes.
 The source of the water may come from:-
 Melting snow or ice.
 Crater lakes
 Heavy rainfall

 Mud flows have the consistency of wet cement
 Travel along valleys at 20-40 mph for up to 200 

miles.
 Destroy or bury almost everything in their path.
 They are the second most destructive volcanic 

hazard (after pyroclastic flows and surges) and are 
responsible for 27,000 deaths since 1600 A.D.



Pinatubo Mudflows
The large eruption of Mount Pinatubo (Philippines) in 
1991 was accompanied by torrential rains.  This 
combination of ash and rain produced numerous 
mudflows that occurred after heavy rain for many years 
after the eruption.

Geologists watch an active
mudflow.



Mudflow near Pinatubo - over
55,000 people were evacuated
from around Pinatubo because 
of mudflows.

Mudflows, 15 ft,high
destroyed the main
bridge over this river.

Extensive flooding
accompanies mudflows
downstream from the 
volcano. 



Nevada del Ruiz (Colombia)

 Small eruption (November, 1985) produced ash-fall 
and   pyroclastic flows which melted snow and ice 
producing large devastating mudflows.

 Mudflows (10 feet thick) inundated the towns of 
Armero and Chinchina killing about 22,000 people
and completely destroying the towns.

 The worst volcanic disaster since Mt. Pelée in 1902.

Notice how far Amero
and Chinchina are from
the volcano.



Mount Rainier

 Mount Rainier is covered 
(75%) with snow and ice.

 It has a long history of 
producing mudflows.

 The Osceola mudflow 
occurred 5,000 yrs ago, 
and the Electron mudflow 
only 500 yrs ago.

 Towns such as Orting and 
Buckley (and the Puget 
Sounds Lowland) are in 
danger from future 
mudflows.
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