CEEES/SC 10110-20110
The Wrath of Vulcan: Volcanic Eruptions

Wcano, Alaska. 1989-1990 e

Portrait of a Planet
Second Edition

Chapter 9

Catastrophic Volcanic Eruptions

300,000~

< Ruiz 1985
- gzso.ooo- Pelee19tl)‘2
%150 § 200,000 ekl (a5
2100 150,000
s § 100,000 Unzen 1792 Tambora 1815
£ 50 2 50.000( Kelu 1586 Laki 1783
o

o 14th 15th 16th 17th 18th 19th 20th

o01500 1600 1700 1800 1900 2000
Century Year

B Total fatalities (n = 274,603)

§ Eg B Fatal events (n = 530)
& 10
5| Tambora
1815
Mudfow Indirect Tsunami Lava  Gas  Debis  Flood Seismiciy Lightaing Unknown
flow/surge  (direct)  (indirect) famine, etc.) avalanche 100
c Causes of fatalities
90+
FIGURE 4.6 T,
Volcano fatalities. (A) Fatal volcano eruptions per century. (8) Cumulative volcano fatalities. Note the big jumps with the seven sol [':'Oka‘:o
most deadly eruptions. These were eruptions that killed over 10,000 people and account for two-thirds of the total. (C) The Profile of SN rakatau
causes of volcano fatalities. Krrakal;g3 { before 1883
after 1 \




Krakatoa, Indonesia

Large quantities of water may seep into magma chamber and
produce a Phreatic Eruption or explosion.

Krakatoa, 1883 - blew material halfway around the world!

Island 9 X 5 km - swelled up to 800 m above sea level.

1883 — violent eruption. The island vanished, 80 km? of
material gone.
Left a hole 6 km wide, 300 m below sea level. Blocks of 50
tons blown 35 km.
Explosion heard 5,000 km away in Australia. Tropical vegetation
from Krakatoa found in African deserts.

Ash blown around the world — several centimeters settling on on
the decks of ships in the Pacific.

Earth’ s annual mean temperature lowered.
Tsunami 40 meters high killed 36,000 people & destroyed 300
towns.

Destruction of Pompeii, A.D. 79, by Vesuvius

R g T 1 a.m. 79 AD.
o0 27 km high ash cloud.

Pyroclastic fall and debris
flow.

Buried in a 6 m thick layer
of ash.

20.000 people in
Pompeii.
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What a geologist imagines
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Destruction of
Pompeii

Ash Cloud
was FAST!
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Products of Volcanic Eruptions

Volcanic gases—expelled
vapor and aerosols

Pyroclastic debris—fragments
blown out of a volcano

Lava flows—molten rock
that moves over the ground

Products of Volcanic Eruptions: Lava Flows

Less ; Basaltic lava has low
= /Lava fountain viscosity and can flow
Basaltic flow | long distances.

Andesitic lava is too viscous
. to flow far and tends to

> T
3 Old flow Andesitic flow  break up as it flows.
O
@ Tephra
> »
Spine
Rhlite dome
& Tephra
More

pile up in a dome-shaped mass.
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Felsic lava is so viscous that it may l




Lava Flows
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Basalt ===

Lava Flow
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Lavaj‘lows

A “skylight” into an
active lava tube

Lava Tubes

Lava tubes are conduits for
basaltic lava.




Lava Flows

Pillow Basalts

§

Older pillows

Lava Flows

New lava flow

Andesite

——

Ash Andesite

Higher silica content = slower moving flows (1-5 m/day), steeper
volcanoes. Can break up into a pile of rubble.

Rhyolite Builds a steep lava

Spine dome. Sticky magma -
doesn’ t flow. If magma
freezes in the neck, a
spine can get pushed out.

Rubble

Rhyolitic dome Rubble forms because lava shatters as
the interior fills with fresh material

Tephra: unconsolidated pyroclastic deposits. 16



Rhyolitic Lava Flows

Tephra cone

Rhyolite dome
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Stratospheric haze

Bits thrown out
by volcanoes’
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Accretionary Lapilli: when wet
ash falls it forms small spheres.



Pyroclastic Debris

Dust/ash = finest.
Cinders = sand grains.

Bombs/blocks = largest. Bomb = ejected

as lava and streamlined in air as it cools. o
Pt o N s R

Tuffs = rock composed of fine-grained pyroclastic
particles. Can be cemented or welded. Air fall tuff
or water lain.

MR Hyaloclastite = Lava erupts under
#% water/ice and shatters. Fragments
become cemented/welded.

Volcaniclastic Sediment: reworked
pyroclastic debris.

N
(%

Volcanic Breccia = rock composed of larger pyroclastic materials.

Santorini

SANTORINI Fira
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Pyroclastic Dris

X Ignimbrite:
& welded tuff from _ &
%+ pyroclastic flow. Lahars: mud flows
from remobilization
of ash. 21

Volcanic Gas
CO, H,0, CO,, SO,, H,S, HF.
Can form sulfuric acid, which forms aerosols that stay airborne.

Form vesicles in lava.

¢ Water (H,O)—the most abundant
Carbon dioxide (CO,)—second in
abundance

Sulfur dioxide (SO,)—creates rotten
egg smell

22



SUMMARY

Comparison of the Three Types of Volcanoes

Profile of Volcano Description Composition
Mauna Loa in Hawaii Shield Volcano Basalt. Layers of
10km[ Sea level Gentle slopes—between 2 and solidified lava flows.
! Sea floor 10 degrees. The Hawaiian
Shield volcano example rises 10 km from
the sea floor.
Cinder Cone
< 300 meters Steep slopes—33 degrees. Pyroclastic fragments
Smallest of the 3 types. of any composition.

Basalt is most common.

Typically Composite Volcano

1000 to Slopes less than 33 degrees. Layers of pyroclastic fragments
4000 meters Considerably larger than and lava flows.
- . cinder cones Mostly andesite.
Composite volcano

Crater Curtain

eruption of lava . A.magma chamber
\ . » Fissures and vents

Lavaflow o Craters
(Y U7 @7 °* Calderas

T .

Distinctive profiles:
Shield volcanoes
Cinder cones
Stratovolcanoes

Fissure

CALDERA FORMATION

When a magma chamber drains, leaves a void & the top
of the volcano tends to collapse downwards.

Caldera: large, steep-sided, circular or oval “crater”
several kilometers in diameter.

For example, Crater Lake National Park, Orgeon
created 6,600 years ago. Also Yellowstone.

Magma often solidifies in the magma chamber
= INTRUSIVE.

Can also form by huge explosions.

24



Crater: circular depression at top of volcano (200-500 m across).

Caldera: huge circular depression - much bigger than crater.

Before

~

Cratéf Lak

Summit (central) vent

Flank vent

CALDERA

e, Oregon, is actually

RN

a caldera, not a crat

er.

26




FISSURE ERUPTIONS

Flood lavas from long fissures.

Very hot mafic lavas = flood basalts, which form plateaus (e.g.,
Columbia Plateau — Oregon and Idaho; Deccan Traps, India).

Can form on land (continental flood basalts) or in the sea (oceanic
plateaus). For example, Ontong Java Plateau, SW Pacific; Iceland.
Environmental Effects.

Often flows have columnar jointing upon cooling (relatively slow
cooling in thick lava flows (e g Giants Causeway, Ireland; Fingles
Cave, Scotland). :
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FISSURE ERUPTIONS

Fissure eruption may form several
central vents.

Mid-ocean ridges - Iceland.
MOR + Hot Spot.

Z

Surtsey®

] Recent sediment
e Volcanoes I < 0.7 m.y. volcanics
_— Fissures [ 0.7-3.1 m.y. volcanics
Glaciers [1 > 3.1 m.y. volcanics




FISSURE ERUPTIONS

Large Igneous Provinces.

Fissure eruptions

Time 1

Crust
Lithospheric
mantle

Active eruption

Normal

hot spot Hot spot volcanism follows
volcano .
flood volcanism.

Asthenosphere

Later, small
plume head
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Shield:
Low viscosity; Mafic; Low gas content.
Low profile, slopes 2-10°.
Large & long-lived.
Typlcally non- Vlolent eruptlons

Feeders

Layers
of basalt

Hawaii

Fragmental 0 100

Marine sediment lava and old slumps Slump Subaerial shield volcano 1
km

Pillow basalt

Basalt dikes

Pillows Magma chamber 30



Satellite View of Hawaii

Mauna Kea

Mauna Loa

Kilauea

32




TAMU Massif

200k

20§

2

Latitude (°N)

34460
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156 160 164
Longitude (°E)

Largest Shield Volcano on Earth 33

Mauna Kea



Small volcanoes with slopes ~30°. Seldom >500 meters high.

Made up of loose fragments (“pyroclasts”) ejected by fire-

fountaining, because of gas content, from a central vent:
Very fine ash; Blocks, angular solid material; Cinders;
Bombs — molten material rounded during travel.

Short life span (gas exhausted) and easily eroded.

For example, Craters of the Moon, Idaho.

Violent — due to gas content of the magma. Can form from any magma
composition.

FIGURE 4.20

eruption of pyrociastics at the summit

Cinder Cone, Nicaragua

Cerro Negro, a cinder cone in Nicaragua. (A) View from the air; (8) nighttime

35
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Landslide  Flank vent Flank dome

COMPOSITE/
STRATO
VOLCANO

Pyroclastic layers

o R

COMPOSITE / STRATOVOLCANO

Intermediate slope angle, very large,
sometimes >1,000 meters.

Alternating layers of lava and pyroclasts.
Lava layers inhibit weathering and erosion.

Magma composition = intermediate, with a
variable gas content (lava + pyroclasts).

Very long-lived.

For example, Mt. Fuji, Japan. Mt. Vesuvius, Italy.
Mt. Ranier (andesite); Mt St Helens (rhyolitic).

38



May 18, 1980

Old magma chamber

Small ash cloud — 4%
2 Bulge

Mount StJ Helens

Inflated magma chamber

Vertical blast =~ e Sideways blast

Landslide

0 Mud and debris flow
[ pyroclastic flows
[ Eruptive dome

Trees blown down (lateral
blast); arrows indicate

direction

I Scoured area/mud flow
deposits

{2230 Less affected area above
tree line

Mt. St. Helens

[0 Less affected forest
1980 Eruption

[0 Lake

Time 3

Mt. St. Helens

40



Volcano Size and Shape

0 5 10
L1
Sea level km
' Large shield
{Hawaii)
A Small shield {Kilimanjaro) el \cgium stratovolcano (Fuji)
. | arge stratovolcano (Shasta) - Small stratovolcano (Vesuvius)

.aa Large cinder cone (Sunset Crater)

Ignimbrite
e e ———

(Yellowstone)

Eruptions

Effusive

Basaltic lava flows. Lava tubes.
Shield volcanoes.

Explosive

Cinder cones, fire fountains, volcanic bombs.
Calderas. Ash. Pyroclastic flows. Pumice.

Phreatomagmatic: water gets
in the magma chamber - causes
explosion because of steam.

Viscosity and gas content
determines the general
type of eruption.

42



Recognizing Old Volcanoes

Time 2

Time 3 :xposed volcanic neck

43

An explosive eruption.



Eruption Style

Strombolian eruption

Vulcanian eruption

Sea surface
~——




Hazards Related to Volcanoes

Mt. St. Helens, 1980 cE,, Mt. Pinatubo,

Tkm? 1991 cE,
(0.24 cubic mile) 10 km?

Krakatau, 1883 C.E (24 cubic miles)
18 km?3
{4.3 cubic miles)

Crater Lake, 7600 B.CE,
75 km?®
(18 cubic miles)

Vesuvius, 79 CE,
25 km?
(6 cubic miles)

Tambora, 1815 CE.,
145 km®
{35 cubic miles)

Phlegrean Fields,
40,000 B.CE,,
200 km?®

(48 cubic miles) Yellowstone, 1.3 Ma
w0 kmd A pyroclastic flow from the Mt.

{62 cubic miles) Pinatuba eruption in 1991

Yellowstone,
630,000 BCE,,
1,000 km?
{240 cubic miles)

Yellowstone, 2 Ma,
2,500 km?
(600 cubic miles)

Toba (Indonesia), |
73,0008BCE,
2,800 km?

{670 cubic miles)

Hazards Related to Volcanoes

Iceland - sits on a MOR. One big volcano!
Lava flows are always a hazard. Heimaey, 1973 — controlled lava
flow by cooling it with water to divert flow from blocking up the

harbor. Fortunately the lava was moving slowly.

1973 eruption




Hazards Related to Volcanoes

Lava general not that hazardous because it moves relatively slowly in
most cases.

It is HOT! Will burn things in its way.
Don’ t build on slopes of volcanoes — lava flows downhill!

BUT volcanic soils are very fertile and because of the infrequency of
eruptions causes people to forget the volcano is active (e.g., Mt St
Helens). - : /BN . 2

R "“r, e .. &
Lava Trees, Hawaii

Lava Flows

s

<}

- Hawail =

R i R

Goma, W. Africa - basalt lava
traveled 50 km. 2 m of lava
in Goma.



Ruins of the Visitors’ Center
After Lava Cooled

Volcanic Hazards

Pumice, Ash, and Lapilli
N R R

Wahalua Visitors’ Center
Aflame in Hawaii



Lahars
E.g., Pinatubo, Mt. St Helens.

Mudflows choke river channels — flow like water and set with the consistency of
concrete.

Form initially by volcano melting snow and ice on summit.
May also form by heavy rains washing ash into rivers.

Can be long term hazards (decades) because of diverted drainage and continued
erosion of loose ash. R T s .

' < P s
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Volcanic Hazards
Pyroclastic Flows
May 8™, 1902: Nueé Ardente (glowing cloud) erupted.
Temperature ~700 °C; cloud was comprised of ash & pyroclastics
(volcanic rocks fragmented by explosion) on a cushion of air.
St. Pierre was incinerated, 28,000 people
killed, 2 survivors.

St. Pierre, Mart




Montserrat Ash Cloud

Bahama
Islands
Florkda Keys ATLANTIC OCEAN
Turks and Caicos
Istands
Anguilia
Cuba Dominican UM
Repudlic  Virgn '
Jamaica Istands /Ba ‘
Halti Bosrto __StKitts
;‘::0 Montserrat = Nevis
MONTSERRAT Guadeloupe  pominica
Martinique
CARIBBEAN SEA W2Vt Lucia
S1, Vincent
% Curagao Grenada
St. John's isla do

* 51 Peter's  Bramble

Old Road Alport
Estato , Ha #
v Long
Cork Hille Ground
P th Soufrl‘ro. Hills.

* 51, Patrick's

Box 4.5 — FIGURE 1
Eruption of Soufriére Hills volcano on Montserrat, August 4, 1997, An ash cloud billows upward above a ground-hugging pyroclastic flow.
Map of the West Indies showing location of Montserrat, Martinique, and Soufriére Hills volcano. Photo by AP/Kevin West
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Volcanic Hazards
The Blast Earthquakes

Movement of magma generates
earthquakes, which can generate
landslides and even promote eruption.

Gas - =
-~ ?"& TR ;" P
Lake Nyos, Cameroon. August 21, 1986. § *.l‘ k’ P e
1 km? of CO, belched forth. & - g
S - v‘



TOXIC GASES

Gases emitted by volcanoes can be toxic and deadly (SO,, HCI,
CO, CO,).

Cameroon, 21% August, 1986: Lake Nyos sits along a rift zone
known for volcanic activity. Massive cloud of CO, emitted and
suffocated 1,742 people/6,000 cattle. CO, is denser than air.

Lake Nyos
Cameroon

Volcanic Hazards
Landslides el | L
Mt. St. Helens: 8 billion tons of | .~
debris slid 20 km at 250 km/hr.

North Atlentic Ocean

Tsunamis e B
Generated by massive :

b @ S0 1000 vans |

Lanzarote
.

LaPalma Canary Islands L

7 Tenenle / K‘
:\' ’/ //7 H;
O 2 f <
2 G ‘\—E Fuereventura J 1
Gran Canaria o
El Hierro /8
s
[Y: 27 18 tﬁ 14 Q

Reunion,

Indian Ocean




Climate & Atmospheric Chemistry

Dust/ash into the atmosphere can block out the sun and reduce
global temperatures.

Krakotoa, 1883: Global temperature decreased by 0.5°C and
effects persisted for 10 years.

Tambora, Indonesia, 1816: Produced “year without a summer”.

El Chichon, Mexico, 1982: put a lot of sulfur-rich gas into the
upper atmosphere, which produced clouds of sulfuric acid
droplets — blocked out the sun and produced acid rain.
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Climate & Atmospheric Chemistry

Mt. Pinatubo, 1991: climatic effects measured by scientists —
dust and SO, pumped into the atmosphere.

SO, stays airborne for years, hence the long effects.

Cooling ~0.5°C, but greatest effect in the mid-latitudes of N.
Hemisphere. Temperatures had rebounded by 1994.

SO, emissions into the atmosphere also erode the ozone layer.

Mean Monthly Temperature Differences, Lower Atmosphere

0.4

0.3

0.2
Pinatubo Effects '3
on Near-Surface :

Temperatures 2]
0.3

0.4
0.5

1991 1992 1993



Tracklng the Path of Sulfuric-Acid Mist

flerosol Optical Thickness Products observe the
spread of the Mt. Pinatubo volcanic ash cloud
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7/4 - 7/10/91 (after circling the earthl

Issues in Predicting Volcanic Eruptions

Activity Classification

Active: volcano has erupted in recent history;

Dormant: inactive at present, but with the potential to become
active at any time;

Extinct: very unlikely to erupt again.

Precise rules for putting volcanoes into these categories do not exist.
For example, on average active volcanoes erupt every 220 years, but
2% erupt less than once every 10,000 years.

300-500 active volcanoes — cannot monitor all of them.

Vesuvius had been regarded as extinct — then it destroyed Pompeii in
79 AD.
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Volcanic Precursors

Seismic activity, due to the upward-moving magma, earthquakes
becoming shallower and more numerous as the magma gets closer
to the surface and eruption nears.

The shock of a larger earthquake may release the eruption (e.g.,
Mt. St. Helens).

Bulging of the volcano’ s surface.
Cannot precisely say when the volcano will erupt.

< Middle east rift zone eruption
<«— Upper east rift zone eruptions

Southwest rift zone intrusions
< Summit eruptions

8

Tilt Record of Kilauea, Hawaii

Tilt at Uwekahuna, in microradians
=3

100

1977 1978 1979 1980 1981 1982

Other Areas for Concern

Yellowstone National Park:
Doming is starting to occur.
Eruption imminent?




Other Areas for Concern

Cascade Region

Lots of active volcanoes (e.g.,
Mount St. Helens, 1980).
Mount Baker, 1870;

Mount Hood, 1865;

Mount Shasta, sometime in the
last 200 years;

Mount Ranier, 1882.

Mudflows from
Mt. Rainier
il &

Lake Ty
Sumser
Gahw
Yo
G Emanvite
-~ _i»
Lows Cousey

EXPLANATION
- Snall ahars with recurTence
nterval <100 years (Case 3)
Trverval 100500 years (Case 2)
Iahars wih recumence
Aeta mos2 By 10 bo allectesd|
e oot

Meoderate lahars wih recurrence
D 1500-1000 years (Case 1)
% POSLINY soamentanen

Riffe Lake

BRITISH
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o WASHINGTON|
_ Glacler Peak ! N
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The next eruption will produce
mudflows through melting of glaciers.
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Puget Sound |
Lowland 7
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Summary

Catastrophic Volcanic Eruptions: Krakatoa, Pompeii.

Lava Flows: Basalt (Pahoehoe, A’ a, Lava Tube, Columnar J ointing, Pillow
Basalts). Andesite. Rhyolite.

Pyroclastic Debris: Ash, Lapilli, Cinders, Bombs/Blocks, Tuffs,
Hyaloclastites, Volcanic Breccia, Volcaniclastic Sediments,
Ignimbrite, Lahar, Nueé Ardente.

Gas: Vesicles.

Caldera Formation.

Fissure Eruptions: MOR, Ht Spots, LIPs.

Types of Volcano: Shield, Cinder Cone, Spatter Cone, Composite/
Stratovolcano.

Eruptions: Effusive, Explosive, Phreatomagmatic.

Volcanic Hazards: Lava Flows; Pumice, Ash, Lapilli; Lahars; Pyroclastic
Flows; Blast; Earthquakes; Gas; Landslides; Tsunamis; Climatic
Effects.

Activity Classification: Active, Dormant, Extinct.

Volcanic Eruption Precursors.

Areas for Concern: Yellowstone, Mt. Hood, Mt St. Helens. Mt. Ranier.



