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Volcanoes outline . . . Tmeting Gkes place ony T speclTocations
« these include

— mid-ocean ridges
* Where do volcanoes occur, and why. — convergent margins.

(island arcs; contine ntal arcs)
— hot spots above mantle plumes
I * Intrusive vs. extrusive environments. ] {ocesnic;icontinental)
« three main reasons for melting
— decompression of hot mantle rock, when it rises

« What comes out of a volcano? — fluxmaltingadaing water or 02
— heat-transfer melting

 Styles of volcanic eruptions.

Our Dynamic Planet:
Earthquakes and Volcanoes

SteveiMa

* Volcano hazards.

* Disaster mitigation.

Extrusive environments: lava flows

Extrusive realm
(volcanic rocks)

solidify to form
igneous rock)

Preexisting strata

Intrusive realm
(intrusive rocks)

|Intrusive environments: Tabular intrusions I

Fragmental material
small o Ash

; l  Lapill

large  Blocks & bombs

e M,WA Extrusive environments: pyroclastic debr
¥
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[ Layer of ash

Lava flow

Extrusion produce:
* lava flows (crystalline rock)
 pyroclastic debris (fragmental material)

Eroded dike
S —

Dike CUI‘S Intrusion produces tabular intrusions:
ACIOSS 1aYers |, ike (cuts across preexisting strata)

o sill (intrudes between layers)

Intrusive environments: Plutons

Wall rock :
Intrusive

]
a2
3
2
£
A

Sierra Nevada batholith

Batholith: Composite of many plutons. Formed below a
Mesozoic volcanic arc; subsequently exposed by erosion.
¢

Faster cooling Slower cooling

Rate of cooling depends
on the size and shape of
the intrusion.

So, plutons cool more
slowly than dikes or sills.

Effect of
si

For a given shape, a smaller
wvolume cools faster.

Effect of Q

shape

For a given volume, a pancake
shape—uwith its greater
surface s faster.
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Magma s classified based on the proportion of silica (SiO2) that it contains. Extrusive Intrusive
The silica content largely controls the type of eruption. o N YR L
Felsic Falsie -k Grain size depends on
Categories of Magma {silicarich) ZaN e
: Forexample . ..
% A T farkal - « granite has the same
Felsic (or silicic) magma 67-76% silica’ . g C oot i
Intermediate magma 53-66% silica Intermediate ﬁ.‘a k « gabbro has the same
| o : composition as basalt.
Mafic magma 46-52% silica ’ — The volcanic rocks are
fine-grained, whereas the
plutonic rocks are coarse.
Bussl Mafic
Mafic
*The numbers provided are “weight percent,” meaning the proportion of (silica-poor)
the magma’s weight that consists of silica
13 14
Volcanoes outline Two general categories of volcanic eruption. I
* Where do volcanoes occur, and why. T <
> -
* Intrusive vs. extrusive environments.
* What comes out of a volcano?
 Styles of volcanic eruptions.
* Volcano hazards.
A
* Disaster mitigation.
Effusive (lava-dominated) Explosive (pyroclastic-dominated)
15 16

Effusive: Crater eruption (at a chimney-like opening) |

Eruption at a summit crater
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Curtain of lava Fissure eruption (along a long crack)

Fissure

19

Viscosity of lava (ease of flow) depends on the proportion of silica (SiOz)
that it contains. So, the silica content largely controls the type of eruption.

Character of a lava flow depends on the composition of the lava.

_
Basaltic (mafic) flows are less

= viscous, so the lava can flow
Categories of Lava

further, and relatively fast.
Felsic (or silicic) magma 67-76% silica*
Intermediate magma 53-66% silica
Mafic magma 46-52% silica

Lava flow

*The numbers provided are “weight percent,” meaning the proportion of
the magma's weight that consists of silica

Hawall, 2018 eruption

Lava tunnels (lava tubes) can allow lava to travel long distances under the surface;
rock is a good insulator, so the surface is solid, while liguid flows below.
Drained lava tube, exposed in a roadcut,
“Skylight" exposing a flow under the surface.



The surface of smaller basaltic flows wrinkles
to form Pahoehoe (rope-like) texture.

3/20/24

Basaltic fava flow,
(Hawaii)

Andesitic (intermediate) lava flows are
moderately viscous. Lava flows are short
and chunky with boulder-like surfaces.

Larger, thicker flows of basalt
form a crust that breaks up as
the flow moves, to produce a
8 rough, brecciated surface.
This produces an aa flow:

c (felsic) lava is very viscous and

USGS
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. . - . P Tephra and blocks collect in layers. Each la,ye
Pyroclastic debris: This is material ey resulted from a specific burstof pyroclasticdebris!
that a volcano ejects as solids or 8 5 { s

semisolids. Classified by size. \?: |

0

i 7.5y
Wi, b MEER

Tephra, blocks, and bombs

3

31 32

Ash carried far, by wind

Convective plume

{‘\

W
Ashfall

Products of an explosive eruption

Eruptive jet

Pyroclastic flow
(glass shards and pulverized rock)

Ashwarms the al; air and ash rises because It's buoyant

34

Two general categories of
extrusive igneous rock:

— crystalline (fine-grained)
— pyroclastic

[Explosion due to reaction with Hawaii |

foclastic debris,

ied
lava flow

SR flow ™ Ash flow

iffmotion  deposits_

36
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Lapill (cinders) erupting

37

Hunga Tonga 2022

pr

39
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Redoubt volcano, Al

Convective plume

Pyroclastic flow
K ™
.

>
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Tuff is rock rock made of ash

Volcanoes outline . . . |Shapes and sizes of volcanoes reflect magma supply, and types of eruption. |

* Where do volcanoes occur, and why.

* Intrusive vs. extrusive environments. Large shield volcano (e.g., Hawaii)

* What comes out of a volcano?

T —
|

I sistylesloivelcaniclelansS Large caldera volcano with ash sheet (e.g., Yellowstone)

* Volcano hazards.

* Disaster mitigation.

-
Stratovolcano (e.g., Mt. Fuji) Cinder cone (e.g., Sunset crater)

45 46

Shield volcano forms from low-viscosity basaltic

Shield volcano

lava flows (with minor pyroclastic debris) |~ Roads 2 km
~ Fissure
O Pre-1960 vent

® 2018 flow

48
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Matina Loa

30 km (19 mi)

Layers upon layers of lava flows (Kuai) Olympus Mons (Mars)
Largest shield volcano in the Solar System

52

= Stratovolcano
Recent " (altemating layers of
londsiide. pyrodastic debris and

Debris eroding andesitic lava)
from the volcana

Lavd flow

B Oidervolcano [ Lava flows Sediment \ Fauls
- Pre-vol . Teohia B Lendsides N Intrusives

53 54
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Caldera formation

TME

Mt. Fuji

Crater Lake, Orogon

56

Santorini, Greece
eruption (ca. 1600 B.C.
of a huge caldera.

Cinder cone E ”

10
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Volcanoes outline . . .

* Where do volcanoes occur, and why.
* Intrusive vs. extrusive environments.
* What comes out of a volcano?

 Styles of volcanic eruptions.

* Volcanic hazards.

* Disaster mitigation.

61 62

—
Iceland > Iceland

Hawaii

65 66

11



Stephen Marshak
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Lava over a town

Volcano refugees (400,000 people displaced)

hitps://ehp.nichs.nih.gov/doi/10.1283/EHP10541

Volcanic Explosivity Index (VEI)

l

Erupted  Fraquency’ Column Description®
volume* height

=00001 Contiruous 100 m Effusive
00001 Daily

0001 2 weeks

001 3 months Catastrophic
01 18 months Cataclysmi
12 yoars

1000

20 km Mega-col
“supervolcano”"

12
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Before 3
Mt. Saint Helens (1980): VEI=5 (i.e., 1 km?)

H
k4
g
£
£
&
=

Ash in nearby communities

1902 eruption of Pelée:
stroyed the town of St re
led 40,000 (all but one person)

13
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Airplane encounters

KUV 671

Vi
M

80

|KLM 867 flies into the Redoubt ash cloud . . .

Pilot: KLM 867 heavy is reaching level 250 heading 140

Anchorage Center: Okay, Do you have good sight on the ash plume at this time?

Pilot: Yeq, it's just cloudy it could be ashes. It's just a little browner than the normal cloud.
Pilot: We have to go left now: it's smoky in the cockpit at the moment, sir.

Anchorage Center: KLM 867 heavy, roger, left at your discretion.

Pilot: Climbing to level 390, we're in a black cloud, heading 130.

Pilot: KLM 867 we have flame out all engines and we are descending now!

Anchorage Center: KLM 867 heavy, Anchorage?

Pilot: KLM 867 heavy, we are descending now: we are in a fall!

Pilot: KLM 867, we need dll the assistance you have, sir. Give us radar vectors please!

The plane descended 14,000 ft before the pilot could restart the engines. Then, it landed safely

M Early stages
[ Greatest extent

]Air travel disruption: 2010 Eyjafjallajokull eruption |

81

Alr traffic during shutdown Narmal air traffic

100,000 flights were disrupted across Europe

83
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Lahars (mudflows of ash and water)

14
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[ Lahars can flood rivers with fast-moving muddy slurry. They destroy many structures in their path. |

Release of dissolved CO: gas O bubbling out of the vent dissolves in cold water €O is heavier than air, so it silently flowed down the
below the thermocline of the lake. A landslide mixed i I

side of the volcano, in the middle of the night.

the water, and the CO: came out of solution.

deadily gas
Underwater
landsfide.

87 88

Vog, "smog" of volcanic gases and aerosols (Hawaii, 2018) |

Hawall (2018)

=
s
3
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Laze (acidic steam from reaction of lava and water)

Hawall (2018)
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Beautiful sunsets (after the eruption of Krakatau, 1883)

Nty Stk P00

William Asheroft: Sunset along Thames (1883)

Short-term global cooling (after the eruption of Pinatubo, 1991) Volcanoes outline . . .
* Where do volcanoes occur, and why.
“ £ * Intrusive vs. extrusive environments.
LB
* What comes out of a volcano?
- Ok /08Ty,
“ﬂ .!. j} « Styles of volcanic eruptions.
b %
R
* Volcanic hazards.
Aerosal concentration ar
(b)
Coppmaht © 602 W Pt  Comsang e * Disaster mitigation.
Present volcanic hazards in the USA . .. Volcano forecasting can be feasible . . .
* western USA (volcanic arc; hot spot; rift) « Identify volcanic belts and determine recurrence interval of major eruptions.
* Hawaii (hot spot)
* Alaska (volcanic arc)  Produce volcanic hazard maps (for lava; blast; and lahar)
 Detect seismicity due to the movement of magma.
Active volcano: Erupted recently or presently;
shows many signs of volcanic unrest. * Measure the shape change of volcanoes (to detect inflation with magma)
Dormant volcano: Might be active in the future, o Measure changes in gas emission.
but currently shows minimal signs of unrest.
Extinct volcano: Ceased to erupt long ago and OLERETIR
will never erupt again. -
 Diverting lava flows.
Copizh € 607 Wb  Compang v 4 i d i years

16
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Limit of a pyroclastic ;-' 7
flow for aVEI 4 crupmﬂ‘(v "'

Phlegrean
Fields

Volcanic hazard map for Mt. Rainier V'3

- W High
s @ Medium
£ Olow

[ Very low

97 98

Detection of seismicity due to magma movement
b
5 4 Seismicity begins
£7 May 18 nuption
3 %3 % 5 % % 75 %5
£ Aprd May
2
=
S ot
[Volcano zoning: Don't build along a volcanic fissure Hawall, 2018
) Tkm
- W

99 100

Inthe field

N

Interferomic synthetic aperture radar
(InSAR) measures the elevation at
different times and calculates the
amount of movement between times.

101 102
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Ground-based Volcano Alert Levels
Normal Advisory Watch Warning

A AN A A

Aviation Color Codes
Green Yellow Orange Red

—|\Creasing level of concern

AUnassigned (insufficent monitoring to make assessment)

UsGs

103

Trying to freeze a lava flow, Iceland, using seawater

104

Diverting lava flows on Mt. Etna, Sicily, using bulldozers

of Vesuvius (79 CE.)

105
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[Plaster casts of people buried by the ash flow |

20th-century.valcan
Pre-7FGevo

Vesuvius is still active ! I !

107

108
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Greater Naples (3.1 million people) surrounds Vesuviu:

| e

Thank you !

5 Naples
Phlegraean Al
Fields

Vesuvil

Google Eart
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