Ivilization exists by geologic
consent, subject to change
without notice

William Durant




Volcanic Hazards

Types of Volcanic Hazards

e Lava flows: e.g. Hawaii, 1998

o (Gas: e.g. Lake Nyos (Cameroon),
1984 (1700 people killed)

 Ashfall: e.g. Mt. Pinatubo, 1991

»  Pyroclastic flows: e.g. Mt. Pelee,
1902 (28,000 killed)

o Lahars (mudflows): e.g. Nevado
del Ruiz, 1985 (23,000 killed)

e Tsunami: e.g. Krakatoa, 1883
(36,417 killed)
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Geologic Hazards at Volcanoes
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olcanic Disasters

Summary of Primary Causes of Death
Pyroclastic flow
Lahar
Tephra
Landslide
Tsunami
Gas

Posteruption Starvation
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Tephra

Power outages Reduced visibility
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Ash Loading on Roofs

Loading of Volcanic Ash on Roofs

1000

600
300
400
300
200
100
0
05 10 1.5 40

LOAD (kPA)

ASH THIC KNESS, IN MILLIMETFERS

—— [Dry Uncompacted &sh (p = 500 kg m-3)
—— Dy Compacted Azh (p = 1000 kg m-3)

—8—"Met Compacted Aszh (p = 1300 kg m-3)

ipg

L= —

1000

L is volcanic ash load (pressure in kPa)

Chile
Restaurant

Raboul

Philippines
Clark Air
Force Base




Pyroclastics and Landslides
Mt. St. Helens (May 18, 1980)
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Mt. St. Helens Eruption







Mt.

~Helens after the eruption
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elens - the aftermath

Flattened trees
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. Helens - today

Mt. St. Helens today Regrowth



Growth of lava dome in the Mt.
St. Helens crater.
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Lahars
Nevado del Ruiz (November 13, 1985)
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An explosive eruption from Ruiz's summit
crater at 9:08 PM generated an eruption
column and sent a series of pyroclastic
flows and surges across the volcano's broad
ice-covered summit. In this view, the dark
pyroclastic-flow  deposits are partly
covered with fresh snow.

Hot rock fragments of the pyroclastic
flows and surges quickly eroded and
mixed with Ruiz's snow and ice,
melting about ten percent of the
volcano's ice cover. Flowing mixtures
of water, ice, pumice and other rock
debris poured from the summit and
sides of the wvolcano into rivers
draining the volcano.

rom November 1985
f Nevado del Ruiz




Lahars merge at the base of the voleano.
Headwaters of the Guali river.

Lahars grow in size
Guali river valley




Rio Lagunillas, former location of
Armero. Bottom, remains of
Armero. 75% of the population of
28,700 perished when lahars buried
the town. There were multiple pulses
with flow depths of 2 to 5 m.
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Paleo-lahars surround Mt.
Rainier. Recent developments
are built on these lahars.
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Lahars can originate from Mt. Rainier
without volcanic activity. Hydrothermal
alteration of volcanic rocks by acid gases
oxidizes the ferromagnesian silicates and
converts the feldspars to clay minerals. The
resulting weak altered layers can fail under
gravitational loading. Downslope movement
of material with entrainment and melting of
glacial ice and snow leads to the formation
of a volcanic mudflow (lahar).




GGas release

ake Nyos, A‘UQUSt 21 19898 j
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Lake Nyos pyroclastic dam, valley and

town of Nyos.




Orange color of Lake iImmediately after the gas release. The color is due to the
oxidation of iron and the formatio ferric hydroxides

Dead cows in Nyos village. Over
1700 people perished as a result of
the CO, release.



Disaster due to build-up of CO, in deep waters. Overturn
leads to catastrophic release of CO.,.
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Conception by Raphagl Paris (Géolab UMR 6042 CNRS, France)
Project directed by Juan Carlos Carracedo (EVC-IPNA CSIC, Tenerife)

Volcanic hazard map of Tenerife
(Canary Islands)
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Legend of the volcanic hazards map.

1. Northwest rift-zone: the most active part of the island since 20.000 year
least 5 eruptions during the last 2.000 years. Strombolian eruptions prodt
basaltic cones, and lavaflows. Scoria falls and forest fires. Gas emisions ¢
eventually contaminate water galleries. Last eruption: Chinyero (1909).

2. Flanks of the northwest rift-zone: area invaded by the lavaflows coming fror
rift-zone and often reaching the coast. Destruction associated to lavaflows
forest fires. Minor ash falls, depending on the wind direction. Phreatic explo:
and lava bench collapses when the flows reach the sea.

3. Peripheral domes of the Teide volcano: phenolitic domes and domes-cou
Long-lasting eruptions, associated with pumice falls and eventually r
pyroclastic flows due to dome collapse. Earthquakes mag. < 5.0. Last ery
Roques Blancos (1790 BP).

4. North flanks of the Teide volcano: thick phonalitic lavaflows coming from d
(zone 3) and always reaching the north coast of the island. Destruction assoc
to huge but slow lavaflows, forest fires and minor pumice flows. At le:
eruptions during the last 6.000 years.

5. Teide stratovolcano: thick phonelitic lavaflows. Only one eruption during the
30.000 years (obsidianic phonolite, 1240 BP). Very low probability for expl
eruptions (last phreatomagmatic activity > 17.500 years).

6. East part of the Las Cafadas caldera: Montafia Blanca and Montafia Rz
phonolite domes and lavaflows. Same hazards as zones 3 and 4, but less 2
during the last 6.000 years. Last eruption: explosive eruption of Montana Bl
(dense pumice falls, 2020 BP).

7. West part of the Las Cafiadas caldera: basanitic to phonolitic lavaflows co
from the Teide and Pico Viejo volcanoes. No volcanic activity during the
15.000 years, except the historic eruption of 1798 (Narices del Teide). Areas c
northwest rift-zone not covered by lava since 15.000 years are also includ
zone 7.

8. Northeast rift-zone: strombolian eruptions producing basaltic cones
lavaflows. Same hazards as zone 1. No volcanic activity during the last 3(
years, except the small-volume historic eruptions of 1704-1705 (Fasnia,
Fuentes and Arafo).

9. La Orotava and Guimar valleys, Fasnia: basaltic lavaflows coming fron
northeast rift-zone. Last eruptions: 11.000 BP in La Orotava, 1704-1705 in F:
and 1705 in Guimar.

10. Distal parts and less active rift-zones, without recent volcanic activity (> 3(
years)

11. Teno and Anaga shield volcanoes (6-4 Ma) and south flanks of the
Cafiadas volcano (no volcanic activity since 170.000 years).




Monitering and Predicting

Volcanic Eruptions
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Ground defo

Rising magma intrudes volcano and
changes its shape

Distance across
summit j

Tilt increases

+ = earthquakes

Installing tiltmeter




Seismicity

Rising magma exerts
pressure on the
surrounding rock which
leads to fracturing and
small earthquakes

Installing seismometer Seismograph, Mt. Pinatubo




Gas monitoring

Monitor emission of carbon dioxide and sulfur dioxide. The emission rate
may increase immediately before a volcanic eruption and sulfur dioxide
may become a more important component of the gas stream.




Vesuvius St. Helens Rainier
3.3 cu km © 0.25 cu km 0.30 cu km

79 AD (VEI 57) 1880 (VEI 4) 250 BC (VEI 4)

Response
e Evacuation procedures

 Design structures to resist volcanic
hazards (ash fall)

 Diversionary structures (for lahars)

e Land use restrictions
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Monitoring and alert system (Lake Nyos)
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Remediation —
Degassing Lake Nyos
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\olcano Links
USGS Wolcanic Hazards Program
http://volcanoes.usgs.gov
Smithsonian Global Volcanism Pragram
http://www.volcano.si.edu
\Volcano World

http://www.volcanoworld.org

Bedtime Reading

Surviving Galeras - Williams & Montaigne

No Apparent Danger - Victoria Bruce
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