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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.



Pyroclastic Flows and Surges

Also known as glowing ash clouds, glowing 
avalanches and nuées ardentes (French).

 These are the most hazardous of all volcanic 
processes.

 Estimated to have caused about 55,000 deaths
since 1600 A.D. (about 48% of all volcano-related 
fatalities.

 Causes of death are:-
 Asphyxiation by hot ash and dust.
 Burning, boiling and dehydration during brief periods 

of high temperature (200 - 800 0C).
 Impact by ash and debris driven at high speeds.



What are pyroclastic flows and surges?

 Hot mixture of ash, pumice blocks and gases that form:-
 Gravity-driven clouds that travel at great speed.
 Speeds are typically 20-70 mph, but speeds up to 300 mph 

have been recorded (Mount St. Helens).
 Temperatures are highly variable from less than 200 to 800 0C.



Three ways that they form

Soufrière Type – the eruption column can no longer
be sustained (due to loss of pressure), so the column
collapses forming pyroclastic flows on the flanks
of the volcano (St Vincent, 1902).  They tend to be
cooler than the others.



Pelée Type – a dome of viscous magma (rhyolite, dacite)
is blocking the conduit.  Eventually it explodes under
pressure, blasting pyroclastic material down one of the
flanks of the volcano (Mont Pelee, 1902).  If it is
extremely violent it could produce a lateral blast.



Merapi Type – a dome of viscous magma (dacite,
rhyolite) grows in the crater.  Eventually it gets so
large, it collapses under gravity, producing a
pyroclastic flow (Merapi, Indonesia, 1951, 2010; 
Unzen, Japan, 1991; Montserrat, West Indies, 1996).



Pyroclastic Flows

Mount Lamington, Papua, 1955

Fuego, Guatemala, 1974
Mount Mayon, Philippines

1968



Pyroclastic flow descending
Merapi volcano, Indonesia.  The
white areas are previous flow
deposits.



Pyroclastic flows, Merapi, Indonesia, 2010



Merapi devastation, 2010



Pyroclastic flow deposits

Mount St Helens flows Mount St Helens flows

Mount St. Helens – close up Pyroclastic flows fill a valley at
Pinatubo



The difference between a pyroclastic flow and 
a pyroclastic surge is one of degree:-

 Flows are more dense than surges, consequently 
they tend to follow topography along predictable 
paths.

 Surges are less dense, they move more quickly 
and can surmount topography such as hills and 
ridges.  Therefore, their effects are more 
widespread and less predictable.

 They often occur together.  A flow may generate 
a surge – which can move ahead of, or away from, 
the flow (Mt Pelée, Martinique, 1902 – totally 
destroying the town of St. Pierre).



Pyroclastic flows and surges
Montserrat, West Indies, 1996



El Chichon, Mexico, 1982

 Over 2,000 people were killed by a succession of three
pyroclastic surges.  The first surge (purple) devastates all the 
villages.

 Note the limited extent and damage caused by pyroclastic flows.

El Chichon was not 
recognized as an active 
volcano prior to its 
eruption in 1982.



What happened to Pompeii in 79 A.D.?
 Vesuvius erupted, totally destroying Pompeii and 

Herculaneum – both prosperous Roman towns.
 Pompeii – about 16,000 people
 Herculaneum – about 5,000 people

 Romans did not realize Vesuvius (6,000 ft) was a 
volcano!  Last erupted about 3,500 B.P.  (might an 
earthquake in 62 A.D. have been a precursor?)

 Consequences:-
 Pompeii – totally destroyed and buried.  Most people 

escaped, about 2-3,000 died.
 Herculaneum – totally destroyed and the entire population 

wiped out. Why the difference?



First Event - small explosions, possibly vulcanian, produced
a low ash cloud, blown to the east.

Isopach map showing 
thickness of the ash (cm)
produced by the first event.

Timing of the first event is uncertain, probably August
23rd.
Note that no ash fell on Pompeii or Herculaneum -
probably no great cause of alarm!



Main Event - started at 1:00 a.m. on August 24th.  Ash
fall is the major problem in the first 12 hours.

 Plinian eruption column
27-33 km high.

 Ash falls to the S.E.
depositing about 2.5 m.
on Pompeii.

 No ash falls on
Herculaneum.

 By 5:30 a.m. roofs begin
to collapse in Pompeii.

 Some people killed, but
most people flee south.

Thickness of ash in cm.



Second Day (August 25th) - a series of six pyroclastic
surges and flows devastate Pompeii and Herculaneum.

Surge-1 at 1:00 a.m.
destroys Herculaneum 
Surge-2 at 2:00 a.m.
Surge-3 at 6:30 a.m.  
reaches outskirts of 
Pompeii    .
Surge-5 at 7:30 a.m.
devastates Pompeii
Surge-6 at 8:00 a.m. is 
the largest of all.



Map showing total thickness
of surge deposits (cm) and
location of pyroclastic flows
(red areas).

Pompeii and Herculaneum afterwards

Herculaneum - destroyed and buried under 6 - 9 ft. of
surge deposits.
Pompeii - buried under 8 ft. of ash and about 2 - 3 ft of
surge deposits.



Views of Pompeii

Arch of Nero

Vesuvius from the Civic Square

Atrium in a well-
preserved villa



The Theater The Games Arena



A Pizza Joint A Wine Bar

Mosaic entrance to a villa Paintings on the wall



During excavation, cavities were found in the ash where
victims had been buried.  Pouring plaster into these holes
resulted in replicas of the victims.  Here is a man and a dog.



Lateral Blasts

 First recognized during the Mount St. Helens 
eruption (1980).  They have since been identified 
as an important process at other volcanoes 
(Bezymianni, 1956).

 Still poorly understood – but with similar 
attributes to pyroclastic surges – but even more 
violent and devastating!

 Caused by a sudden release of pressure on a 
volcano’s magmatic system –such as by a 
landslide (like taking the lid of a pressure cooker).

 Produces a low-angle blast, traveling at over 200 
mph – destroying everything in its path by blast, 
impact and abrasion.



Debris Avalanches

Volcanoes are not very stable structures.  From time 
to time, they collapse producing large rock and 
ash avalanches that travel at high speeds down 
valleys.

 Collapse maybe caused by an eruption or an 
earthquake.

 They can travel up to 50 miles from their source, 
burying everything in their path.

 First recognized at Mount St. Helens, but now 
known to be a very common process on all types 
of volcanoes (Mount Shasta, Hawaii). 



Hawaiian Debris Avalanches

Underwater sonar mapping
shows debris avalanches
extending to great distances
from the islands of Oahu
and Molokai.

[Debris avalanches are not confined to strato-volcanoes,
they also occur on shield volcanoes]



Map showing debris avalanches 
(brown) associated with all of
the Hawaiian volcanic islands 
(green).  Note how they have
traveled up to 200 km from their
source.

A landslide scarp on the island
of Hawaii left by a debris
avalanche that occurred less than
200 thousand years ago.
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