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Objectives: 

3.1
Learn basic fundamentals of the processes associated with geological hazards.

3.2
Lecture and discussion on scientific processes, historical perspectives, and impacts of volcanoes.

3.3  Lecture and discussion on scientific processes, historical perspectives, and impacts of earthquakes.

3.4  Lecture and discussion on scientific processes, historical perspectives, and impacts of tsunami.

_________________________________________________________________

Scope:
The instructor will discuss the basic fundamentals of the earth.  After these basics, the instructor will discuss volcanoes, earthquakes, and tsunami.  Besides discussing the scientific processes associated with the phenomena, students will learn historical perspectives and impacts through the use of case studies for these hazards and disasters.

Recommended Instructor Readings:
Students have been assigned chapters or portions of books along with information from other sources.  It is recommended that the instructor be familiar with these readings in its entirety.

Hyndman, D. and Hyndman, D. (2009). Natural Hazards and Disasters (2nd ed.). Belmont, CA, Brooks/Cole. Chapters 2, 3, 4, 5, 6, 7.

Student Readings: 

Hyndman, D. and Hyndman, D. (2009). Natural Hazards and Disasters (2nd ed.). Belmont, CA, Brooks/Cole. Chapters 2, 3, 4, 5, 6, 7.

Note to Instructor:
A Power Point presentation is available for the instructor.  This course is not dependent on these visual aids but are a tool if the instructor wishes to use them.  Also, if there are any handouts, they should be given to the students.

Objective 3.1: Fundamentals of the Earth
A. Layers of the Earth
Core, Mantle, Crust

Core
Inner Core: Solid, Iron, 13.5 gm/cm3
Outer Core: Molten, Iron, 10.7 gm/cm3
For comparison purposes: Water 1.0 gm/cm3, Mercury 13 gm/cm3
Mantle
Consists of Iron oxides, magnesium, and silicates

Consists of Lower Mantle and Upper Mantle

Upper Mantle: Asthenosphere is “plastic-like,” hot tar; Source of magma

Lithosphere is strong and rigid and moves over asthenosphere

Crust
Oceanic: Averages three miles in depth

Composed primarily of silica (49.8%) and alumina (16.7%)

Called Sima

Rock is basalt (non-explosive)

Density is 3 gm/cm3
Continental: Averages 19 miles over interior regions, 31-35 miles over mountainous regions in depth

Composed primarily of silica (60.1%) and alumina (15.6%)

Called Sial

Rock is granite (continents formed of this material)

Density is 2.7 gm/cm3
B. Plate Tectonics
Lithosphere broken into large and small plates

Fit like a jigsaw puzzle that covers surface of Earth

Doesn’t correspond to continent and ocean areas-combination of both

Plates move up to 4.2"/yr (11 cm)

Plate Tectonics describes interaction and movement of plates

Some run into each other, some slide under or over, some go past each other

Lithosphere moving over the asthenosphere

Theory confirmed by continental drift

Coincides with Tectonic cycle: magma rising from asthenosphere, confirmed by seafloor spreading and subduction, Approximately 250 million year cycle

Continental Drift: theory proposed by Alfred Wegener in early 1900s

Supercontinent called Pangaea

Jigsaw puzzle

Ask students why South America “fits” in with Africa.

Theory accepted in 1960s

C. Plate Boundaries
Divergent
Spreading center

Pulling apart

Usually in oceanic ridge

Shallow earthquakes

Volcanic activity

Adds material from asthenosphere

Convergent
Plates moves in opposite directions “crashing” into each other

Plate can subduct the other in subduction zones

Removes part of crust

Landforms include mountain ranges, volcanoes, deep ocean trenches

Subduction Zones

“Recycling” of crustal material in the asthenosphere

Convective process

Powerful earthquakes with strong compressive forces

Strong rocks under compression, greater energy stored before rupturing

Transform
Plates slip past each other laterally

Vertical fractures called transform faults

Many boundaries located near midocean ridges

Most famous is San Andreas in California

Objective 3.2: Volcanoes
Ask students what are characteristics and hazards of volcanoes.

Magma/Lava

Poisonous gases

Ash

Mudflows

Heat

Explosions

A. Key Terms and Concepts
Vulcanism: Refers to all phenomena connected with the origin and movement of molten rock

Magma: molten rock under the surface

Lava: molten rock above the surface

Extrusive: magma expelled on the surface while still molten (volcanism)

Intrusive: magma solidifies in the thin crust near the surface

Plutonic: magma solidifies deep inside the Earth

Volcano: mountain formed by the accumulation of erupted lava and/or volcanic ash

Volcanoes classified by: appearance (size and slopes), magma composition, volatile content

Types of volcanism:

Silicic: explosive

Basaltic: non-explosive

Explosive Eruption Styles

Phreatic

Phreatomagmatic

Strombolian

Vulcanian

Peléan

Plinian

B. Volcanic Explosivity Index (VEI)

Scale form 0-8

Classifies amount of erupted material, eruption column height, and duration of continuous blast

Silicic Volcanism

Subduction zones are source with basalt and silicate sediment (high silica content)

Require a large amount of heat to melt

Results in cooler magma temperatures (around 870EC)

Gases can’t dissolve due to lower temperatures, trapped in bubbles

Magma near surface, confining pressure results in explosive release

Basaltic Volcanism

Low silica content

Higher magma temperatures (1200EC)

Greater heat dissolves most of the gases

Lava is more fluid than explosive

Results in non-explosive, large quantities of lava known as a basaltic flood

C. Temporal Patterns
Active: relatively recent or frequent activity

Dormant: quiet for some time but considered potentially active

Extinct: not known to erupt since discovery

Can go from extinct to dormant to active

D. Major Categories of Volcanoes
Shield: Basaltic; Broad gently sloping mountains; Structure from layers of lava flows; “quiet” eruptions of fluid lava; Mauna Loa, Kilauea

Stratovolcano: Medium to large, medium to steep sided with a symmetrical cone; moderate viscosity; moderate to high volatile content; Mt. St. Helens

Lava Domes: Small to moderate size; high magma viscosity; steep flanks; low to moderate volatile content; usually erupts once but can be replaced by another lava dome; On Mt. St. Helens

Cinder Cones: Small, steep sided cones; rising basaltic magma meets near-surface groundwater; low viscosity; moderate volatile content; pyroclastics ejected from a central vent and occasional lava flows; Maui in Hawaii; Lassen in northern California

E. Volcanic Hazards
Lava Flows: Minimal loss of life but considerable damage to crops and property; Pahoehoe-smooth tops with a billowy surface; Aa-rubble on the surface

Tephra: Fine-grained fragmented debris and ash that contains bits of volcanic glass; very abrasive; breathing problems; potential for structural collapse due to roof collapse and mechanical failure due to clogged air intakes

Pyroclastic Flows: Some call it most deadly geohazard; hot volcanic ash and steam that pour downslope; hot and plastic like material that becomes sheet of welded ash; incinerates anything in path

Lahars: Hot mudflows; flows downslope at very fast speeds with density of wet concrete; gathers rocks and boulders during downhill journey

Poisonous Gases: Carbon dioxide concentrates in low areas and suffocates people and animals without warning; Sulfur dioxide has a sharply acrid smell and choking effect; Reacts with oxygen to form sulfur trioxide which reacts with water vapor to make sulfuric acid

F. Case Studies
Mt. St. Helens May 18, 1980

http://pubs.usgs.gov/gip/msh//
http://pubs.usgs.gov/gip/103/
http://vulcan.wr.usgs.gov/Outreach/AboutVolcanoes/framework.html

http://volcanoes.usgs.gov/activity/status.php
http://www.mshinstitute.org/
Kilauea, Several Eruptions, Hawaii

http://hvo.wr.usgs.gov/kilauea/

http://hvo.wr.usgs.gov/archive/

http://hvo.wr.usgs.gov/gallery/
http://volcanoes.usgs.gov/hvo/activity/kilaueastatus.php
Objective 3.3: Earthquakes
Definition: “Shaking of the Earth by seismic waves radiating away from a disturbance, most commonly a fault”

“Shaking of the ground, usually caused by rocks rupturing under stress” 

Ask students: What state is number one for number of earthquakes? 

Answer: Alaska (see power point for map)

A. Key Terms
Focus: place within the Earth where the rock breaks (aka hypocenter)

Foci occur from surface to 435 miles (700 km) in depth

Epicenter: point on the Earth’s surface directly above the focus 

Most damage usually most severe at or near epicenter

B. Earthquake Depths
Shallow focus: surface to 100 km (62 mi)

75% of earthquakes shallow focus

Intermediate: 100-300 km (62-186 mi)

Deep: 300-700 km (186-435 mi)

C. Faults
Breaking apart of rocks

Rock is broken with accompanying displacement (actual movement of the crust on one or both sides of fault)

Movement can be horizontal, vertical, or both

Four Major Categories of Faults

Normal

Reverse

Strike-Slip

Overthrust (Thrust)

D. Seismic Waves
Energy released when Earth shakes

Measured by seismometer

Two Major Classes

Body Waves

Surface Waves

Body Waves

Short-period waves

Most energenic for short distances close to epicenter

Consist of Primary (P) and Secondary (S) waves

Primary or P Waves

Fastest and first to reach recording station

Move in push-pull or compressional motion Like a slinky

Similar to sound waves but moves through solids, liquids, and gases

Can have sonic boom phenomena with window rattling

Secondary or S Waves

Second wave (slower) to reach recording station

Transverse waves with motion at right angles to direction of movement

Only travels through solids

Causes severe damage

Surface Waves

Body waves disturbing the surface

Similar to rock thrown in water with ripples

Slower than body waves

Causes more land movement and more damage

Two major waves are Love Waves and Rayleigh Waves

Love Waves

Similar to S Waves but motion is side-to-side in a horizontal plane more or less parallel to Earth’s surface

Faster than Rayleigh Waves

Don’t pass through liquids or gases

Rayleigh Waves

Forward-rotating waves

Moves ground up and down along with side-to-side

Most shaking felt

More shallow the epicenter, more P and S wave energy, the more energy into a Rayleigh wave

E. Measuring Earthquakes
Magnitude

Intensity

Acceleration

Magnitude

Most commonly used

Richter Scale

Measure amplitude of seismic waves

Non-linear scale

Each whole unit represents a ten-fold increase in wave amplitude and a 32 fold increase in energy 

Measured 2-9+

Most are smaller, minor earthquakes

2-4 Minor (felt by humans)

4-5 Light (some property damage)

5-6 Moderate (property damage)

6-7 Strong (damage in billion of dollars, loss of life)

7-8 Major severe economic impact, large loss of life)

8-9 Great (near total destruction, massive loss of life)

Moment Magnitude

More accurate than Richter Scale

Relies on amount of movement along fault

Used for bigger earthquakes

Intensity

AKA Mercalli Scale

Based on Damage Scale

Qualitative (Perception of Damage)

I to XII

I-II (not felt by most people)

III (felt indoors by some people)

IV-V (felt by most people, dishes rattle and some break)

VI-VII (felt by all; many window and some masonry cracks or falls)

VIII-IX (people frightened; most chimneys fall; major damage to poorly built structures)

X-XI (people panic; most masonry structures and bridges destroyed)

XII (near total damage to masonry structures; major damage to bridges, dams, rails bent)

> XII (near total destruction; people see ground surface move in waves; objects thrown into air)

Acceleration

Rate of change of velocity

“g” force

Most earthquake accelerations under 1 g

F. Secondary Ground Effects
Landslides

Liquefaction (“stable” soil becomes almost liquid when shaken and solidifies when motion stops)

G. Hazards
Structural collapse

Infrastructure collapse

Fires

H. Case Studies
Loma Prieta (World Series Earthquake)

6.9 magnitude

October 17, 1989

63 fatalities, 3757 injuries

12,000 out of homes

963 homes destroyed

$6 billion in property damage ($10.5 billion in 2010 dollars)

Damage to San Francisco-Oakland Bay Bridge, I-880

Depth of 18 km, rocks near fault moved 1.9 meters north and 1.3 meters up

Largest quake on San Andreas Fault since 1906 San Francisco earthquake

http://earthquake.usgs.gov/earthquakes/states/events/1989_10_18.php

http://pubs.usgs.gov/dds/dds-29/
http://seismo.berkeley.edu/faq/1989_0.html
New Madrid 

1811-1812

Five earthquakes between December 16 and February 7

8.1 magnitude (estimated)

Intensity varies

Area of strong shaking ten times larger than 1906 San Francisco quake and 2-3 times larger than 1964 Alaska quake

Most of the area was wilderness

Ground rose and fell

Landslides

Large areas of land uplifted

Larger areas sank

Huge waves reported on Mississippi River

Fissures opened beneath the surface

http://earthquake.usgs.gov/earthquakes/states/events/1811-1812.php (examine links)

http://newmadrid2011.org/
http://earthquake.usgs.gov/regional/ceus/
http://www.ceri.memphis.edu/index.shtml
If there is time, an earthquake video is recommended showing impacts from a major event.

Objective 3.4: Tsunami
Ask the students what causes a tsunami?  There will be a variety of answers dependent upon their background.

A. Definition
Sea wave generated by a major disturbance of the seafloor and overlying water
Japanese word: tsu=harbor, nami=waves

B. Causes 
Deep ocean faults
Volcanic eruptions

Caldera collapses

Landslides
Meteorite impacts

Most common cause

Earthquakes with movements of faults under the ocean
Vertical fault movements

Primarily in the Pacific Ocean

Pronounced vertical offsets of the seafloor

Disturbs deep ocean

Water can’t be compressed so it transmits energy as waves
C. Characteristics
Waves have exceptionally long wavelengths (crest-to-crest distance)

Drag across ocean bottom

Moves about 420-518 mph (435 mph average in Pacific Ocean)

Width can be up to 60 mi (100 km), wide as Lake Michigan

Wave is low in open ocean

1.5' (.5 m)

Speed decreases near shore (shallow water depth) but height dramatically increases

Water commonly withdraws quickly from shore
Water rises from offshore to form the first tsunami wave to hit the coast
Possible for multiple tsunami

Successive tsunami may reach 10s of meters in height depending on local conditions

Intervals of successive tsunami may be 15 minutes to an hour due to long wavelengths

First tsunami often not the highest

High tide conditions can create additional dangers due to higher water level

D. Impacts
High water flood levels

Quick to strike

Carries a lot of debris (vehicles, people, sand, mud, structures)
E. Case Studies
1946 Aleutian Earthquake and Tsunami

7.4

April 1, 1946

100' tsunami at Scotch Cap and destroyed new lighthouse

Extensive destruction in Hilo, Hawaii

159 fatalities in Hawaii

Damage in California, one fatality in Santa Cruz

http://cwis.usc.edu/dept/tsunamis/alaska/1946/webpages/index.html

1964 Great Alaska Earthquake

9.2 magnitude

115 fatalities from earthquake, 106 of these due to tsunami

$84 million in damages in Alaska

California 13 fatalities and $10 million damage

Oregon 4 deaths and $.7 million damage

Additional damage in Washington

Wave height maximum of 67 meters at Valdez Inlet where 4000' x 600' slid into the sea

http://wcatwc.arh.noaa.gov/64quake.htm
http://walrus.wr.usgs.gov/tsunami/CIHH.html
http://walrus.wr.usgs.gov/news/samoareports.html
Remind students of the readings for the next class and the material that will be discussed.  We will start Session 4 dealing with Hydrological Hazards (Drought, Floods, and Wildfires).


