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Conversion Factors

Inch/Pound to Sl

Multiply By To obtain
inch (in.) 2.54 centimeter (cm)
inch (in.) 254 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
mile per hour (mi/h) 1.609 kilometer per hour (km/h)
S| to Inch/Pound

Multiply By To obtain
centimeter (cm) 0.3937 inch (in.)
centimeter per year (cm/yr) 0.3937 inch (in/yr)
cubic kilometer (km®) 0.2399 cubic mile (mi®)
kilometer (km) 0.6214 mile (mi)
kilometer (km) 0.5400 mile, nautical (nmi)
kilometer per hour (km/h) 0.6214 mile per hour (mi/h)
liter (L) 0.2642 gallon (gal)
liter (L) 61.02 cubic inch (in®)
millimeter (mm) 0.03937 inch (in.)
millimeter per year (mm/yr) 0.03937 inch per year (in/yr)
meter (m) 3.281 foot (ft)
square kilometer (km?) 0.3861 square mile (mi?)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F =(1.8x°C)+32.
Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:
°C = (°F-32)/1.8.



Alaska Volcanoes Guidebook for Teachers

By Jennifer N. Adleman!

Introduction

Alaska’s volcanoes, like its abundant glaciers, charismatic wildlife, and wild expanses inspire
and ignite scientific curiosity and generate an ever-growing source of questions for students in Alaska
and throughout the world. Alaska is home to more than 140 volcanoes, which have been active over the
last 2 million years. About 90 of these volcanoes have been active within the last 10,000 years and more
than 50 of these have been active since about 1700. The volcanoes in Alaska make up well over three-
quarters of volcanoes in the United States that have erupted in the last 200 years. In fact, Alaska’s
volcanoes erupt so frequently that it is almost guaranteed that an Alaskan will experience a volcanic
eruption in his or her lifetime, and it is likely they will experience more than one. It is hard to imagine a
better place for students to explore active volcanism and to understand volcanic hazards, phenomena,
and global impacts.

Previously developed teachers’ guidebooks with an emphasis on the volcanoes in Hawaii
Volcanoes National Park (Mattox, 1994) and Mount Rainier National Park in the Cascade Range
(Driedger and others, 2005) provide place-based resources and activities for use in other volcanic
regions in the United States. Along the lines of this tradition, this guidebook serves to provide locally
relevant and useful resources and activities for the exploration of numerous and truly unique volcanic
landscapes in Alaska. This guidebook provides supplemental teaching materials to be used by Alaskan
students who will be inspired to become educated and prepared for inevitable future volcanic activity in
Alaska. The lessons and activities in this guidebook are meant to supplement and enhance existing
science content already being taught in grade levels 6-12. Correlations with Alaska State Science
Standards and Grade Level Expectations adopted by the Alaska State Department of Education and
Early Development (2006) for grades six through eleven are listed at the beginning of each activity. A
complete explanation, including the format of the Alaska State Science Standards and Grade Level
Expectations, is available at the beginning of each grade link at
http://www.eed.state.ak.us/tls/assessment/GLEHome.html.

'Currently with Alaska Division of Economic Development, 550 W 7th Ave, Ste 1770 Anchorage, AK 99501-3569
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Organization

Chapters

This guidebook consists of seven topical chapters placed in recommended order of use. Each
chapter begins with a list of recommended resources followed by three or four activities associated with
the chapter topic. These activities are sequentially arranged to provide appropriate background materials
and experiences that allow students an opportunity to build upon their understanding of the content as
they explore new information. Most of the activities include worksheets for distribution and use in your
classroom, or that can act as a guide from which to generate class discussion. All of the figures used in
the activities are available on an accompanying digital presentation for classroom use.

Educators can use this guidebook to augment existing curriculum focused on Earth science
processes, including those with an emphasis on natural hazards, earthquakes, volcanoes, and plate
tectonics. These inquiry-based, hands-on, and place-based activities allow educators to use appropriately
Alaska’s dynamic environment to illustrate scientific concepts and content emphasized in the State’s
secondary-level science standards. The final activity prioritizes materials from the guidebook and
recommends additional dynamic internet resources available in the event of heightened volcanic activity
or volcanic eruption(s) in Alaska.

Activities
Each activity includes all or some of these sections:
Activity title
Grade level
Setting
Time (estimate)
Vocabulary (where appropriate)
Correlations to Alaska State Science Standards (where appropriate)
Overview of the goals of the exercise
Background
Objectives (for students)
Materials
Procedures (for teachers and students)
Extension (extra activities)
References (where appropriate)
Glossary (where appropriate)
Student worksheets (where appropriate)
Worksheet keys (where appropriate)
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Chapter 1
Alaska Plate Tectonics

Resources
e U.S. Geological Survey

Fuis, G.S., and Wald, L.A., 2003, Why do earthquakes occur in southern Alaska?:
U.S. Geological Survey Fact Sheet 014-03, 4 p. (Also available at
http://pubs.usgs.gov/fs/2003/fs014-03/alaska.html.)

Haeussler, P.J., and Plafker, G., 1995, Earthquakes in Alaska: U.S. Geological

Survey Open-File Report, 95-624, 1 sheet. (Available at

0 PDF Poster http://geopubs.wr.usgs.gov/open-file/0f95-624/0f95-624L.pdf

0 PDF page-size http://geopubs.wr.usgs.gov/open-file/of95-624/0f95-624.pdf

Kious, W.J., and Tilling, R.1., 1996, This dynamic Earth—The story of plate

tectonics [online edition]: Reston, Va., U.S. Geological Survey website.

(Available at http://pubs.usgs.gov/gip/dynamic/dynamic.html and

0 Some unanswered questions—What drives the plates?

http://pubs.usgs.gov/gip/dynamic/unanswered.html#anchor19928310.)

Robertson, E.C., [n.d.], The interior of the Earth: Reston, Va., U.S. Geological

Survey Generail Information Product. (Available at

http://pubs.usgs.gov/gip/interior/.)

Shedlock, K.M., and Pakiser, L.C., 1994, Earthquakes: Reston, Va., U.S.

Geological Survey General Information Product. (Available at

http://pubs.usgs.gov/gip/earthgl/.)

Simkin, T., and others, 2006, This dynamic planet—World map of volcanoes,

earthquakes, impact craters, and plate tectonics (3" ed.): U.S. Geological Survey

Geologic Investigations Map 1-2800. (Available at

http://www.minerals.si.edu/tdpmap/ and

0 Printable 8.5 x 11-inch pages
http://www.minerals.si.edu/tdpmap/printable.htm.)

Winkler, G.R, 2000, A geologic guide to Wrangell-Saint Elias National Park and

Preserve, Alaska—A tectonic collage of northbound terranes: U.S. Geological

Survey Professional Paper 1616, p. 69-76. (Also available at

0 Website Introductory Page http://pubs.usgs.gov/pp/p1616/ and

0 PDF http://pubs.usgs.gov/pp/p1616/P1616.pdf [129 MB].)

U.S. Geological Survey, Earthquake Hazards Program

o Wald, D., and Dewey, J.W., 2005, Did you feel it? —Citizens contribute to
earthquake science: U.S. Geological Survey Fact Sheet 2005-3016, 4 p. (Also
available at http://pubs.usgs.gov/fs/2005/3016/ and
http://pubs.usgs.gov/fs/2005/3016/pdf/FS-2005-3016.pdf.)

o Wald, D., Wald L., Dewey, J., Quitoriano, V., and Adams, E., 2001, Did you
feel it?—Community-made earthquake shaking maps: U.S. Geological Survey
Fact Sheet 030-01, 2 p. (Also available at http://pubs.usgs.gov/fs/fs030-01/
and http://pubs.usgs.gov/fs/fs030-01/fs030-01.pdf.)
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o Wald, D., Wald, L., Woden, B., and Goltz, J., 2003, ShakeMap—A tool for
earthquake response: U.S. Geological Survey Fact Sheet 87-03, 4 p. (Also
available at http://pubs.usgs.gov/fs/fs-087-03/FS-087-03-508.pdf.)

o U.S. Geological Survey, 2009, Earthquake Hazards program—Alaska
Earthquake Information: U.S. Geological Survey website. (Available at
http://earthquake.usgs.gov/earthquakes/states/index.php?regionlD=3.)

e Alaska Earthquake Information Center (AEIC), 2010, Maps: Alaska Earthquake
Information center website, accessed May 27, 2010, at
= AEIC Maps

http://www.aeic.alaska.edu/html_docs/maps.html and

= AEIC Frequently Asked Questions
http://www.aeic.alaska.edu/html_docs/fag.html.

e Lillie, R.J., 2005, Parks and plates—The geology of our National parks, monuments,
and seashores: New York, W.W. Norton and Comdishy, 298 p.
= Chapter 1: Plate tectonics, p. 5-21.
= Chapter 5: Subduction zones, southern Alaska subduction zone, p. 119-120.
= Chapter 11: Accreted terranes, Alaska—A glimpse of continental growth in

action, p. 241-245.

e Nye, C.J., McGimsey, R.G., and Power, J., 1998, Volcanoes of Alaska: Alaska
Division of Geological & Geophysical Surveys Information Circular 38, 1 sheet [2
sides], accessed May 27, 2010, at
= Front

http://www.dggs.dnr.state.ak.us/webpubs/dggs/ic/oversized/ic038ed1998 sh001.P

DF and

= Back
http://www.dggs.dnr.state.ak.us/webpubs/dggs/ic/oversized/ic038ed1998 sh002.P
DF

Activities

These activities include material associated with the concept of plate tectonics on a global
scale and related plate boundaries using the depth and location of associated earthquakes.
Through progression within the activities and from one activity to the next, these
concepts will be locally applied to the types of plate boundaries and associated
earthquakes and volcanic processes in Alaska. The materials included in these activities
will serve as base upon which the associated concepts of subduction and volcanism will
be built upon in subsequent chapters.

Activity I. Plate Tectonics Mapping
Activity Il. Earthquake Mapping
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Activity I. Plate Tectonics Mapping

An activity or discussion illustrating the layers of the Earth and the process of mantle
convection would serve as an appropriate introduction prior to this activity. In addition to
the resources listed above, an excellent exercise for convection can be found in B.A.
Ford’s Project Earth Science—Geology published by NSTA Press in 1996 (activity 6, p.
71-79).

Grade Level 6-11
Setting Classroom
Time 45-90 minutes

Vocabulary (see Glossary)
convergence, divergence, hot spot, subduction zone, tectonic plate, trench, velocity

Correlations to Alaska State Department of Education (2006) Performance

Standards (Grade Level Expectations)

D1—Concepts of Earth Science

SD[6-11] Students develop an understanding of the concepts, processes, theories,
models, evidence, and systems of Earth and space science.

SD2[6-11] Students develop an understanding of the origins, ongoing processes, and
forces that shape the structure, composition, and physical history of the
Earth.

SD2.2[7] The student demonstrates an understanding of the forces that shape Earth
by describing how the movement of the tectonic plates results in both slow
changes (e.g., formation of mountains, ocean floors, and basins) and short-
term events (e.g., volcanic eruptions, seismic waves, and earthquakes) on
the surface.

SD2.2[9-11] Students demonstrates an understanding of the forces that shape Earth by
describing how the theory of Plate tectonics explains the dynamic nature
of its surface

Overview

Plate boundaries have an overall effect on determining the landscape and dominant
features local to a region, including volcanoes. In this activity, students will relate the
physical features of Alaska’s landscape with their associated tectonic plate boundaries,
namely convergent zones.



Background

Alaska is home to an arc of volcanoes, which serves as one surface manifestation of the
subduction zone formed by the convergence of the North American and Pacific Plates.
Alaska’s varying geologic features, such as faults, folds, and mountains are also
associated with ongoing dynamic processes at depth associated with convergence.

Objectives

The students will be able to identify and define convergent, divergent, and transform
tectonic plate boundaries. The students will be able to describe how the velocity and
direction of movement of different plates affects the type of boundary present and will be
able to cite examples of this relationship to various landscape features in Alaska.

Materials

— the map, This Dynamic Planet by T. Simkin and others, 2006—you can enlarge the
version provided, or use a poster version of your own.

— SCissors

— black felt, thick-tip pens or markers

— Plate Tectonics Q & A worksheet

Procedure

A. Teacher preparations before class

1. Study or prepare the map pieces on the page size map provided (Dynamic Planet Map
Pieces) first before cutting the poster size map to use for the activity in the classroom.
It is recommended to have an additional poster size version of the map available in
the classroom for students to view and reference during, or only after, they do the
activity. Two maps displayed in the classroom are preferred, because there is relevant
material on both sides. Another option is to enlarge and use the Dynamic Planet Map
Pieces on the page provided for the class to view after the activity is completed.

2. Use the poster size map, This Dynamic Planet. With scissors, trim off the white edges
(leaving latitude and longitude degrees) and the legend below the map. Save the
legend. Cut strips off the left and right sides of the map at 100°E longitude (some
areas of the world are duplicated on both sides of the map).

3. Cut the poster size map into pieces along the plate boundaries. Make a smooth cut
approximately on the plate boundary. You may use a simpler plate map to help you
decide where the plates begin and end. Remember use the Dynamic Planet Map
Pieces provided for guidance.



After cutting, you should have the following 17 pieces:
_ 1. African Plate (includes Nubia and Somalia Plates)
_ 2.-3. Antarctic Plate (2 sections)

__ 4. Arabian Plate

_5.-6. Australia Plate (2 sections)

_ 7. Caribbean Plate

_ 8. Cocos Plate

_9.-10. Eurasia Plate (2 sections)

_11. Indian Plate

_12. Nazca Plate

_13. North American Plate

_14. Pacific Plate

_ 15, Philippine Plate

_16. Scotia Plate

_17. South American Plate

Find the arrows on most of the plates and the white numbers on many of the mid-
ocean ridges that indicate the directions and velocities of plate motion. Write the
velocity of the plate motion next to the arrows using a black felt marker or pen so that
the numbers are bigger and more visible. The length of the arrows indicate the
relative rate of plate motion (short arrows = slower velocities, long arrows = faster
velocities). The velocities are given in mm/yr. If you are more familiar with plate
motions given in cm/yr, you can write the velocities in cm/yr by “moving the decimal
point.” For example, for the Arabian Plate, the velocity is 26 mm/yr or 2.6 cm/yr. Still
further, you may want to convert it into in/yr.

Laminate the 17 plate pieces and cut off excess laminating material. Also, laminate
the legend (the strip cut off the bottom of the map) and save for reference (optional).

. Students assemble the puzzle in class

Give one piece of the puzzle (a plate or piece of a plate) to each student or group of
students. Tell them that they will be responsible for their plate — placing it in the right
position to form the world map and determining the motion of the plate with respect
to surrounding plates. Instruct your students to assemble the map (like putting
together a jigsaw puzzle) on the floor or on a large table.

An alternative procedure that works well and stimulates thinking and discovery:

e Give a piece of the puzzle to each student (or team of students). Tell them that
these are pieces of a puzzle and that it comes from a world map.

e Their instructions are to put the puzzle together without talking. They can point to
communicate, but they must put the puzzle together in silence.

e After the puzzle is completed, the students can be asked about what they think the
pieces are and why.



2. When the map puzzle is complete discuss with the class that the arrows and velocities
(in mm/yr, cm/yr, or in/yr — which ever you chose) indicate direction and rate of the
motion of the plates. Some plates do not include arrows. Find the highest (fastest) and
lowest (slowest) plate velocities. Comment on the speed of the plates; for example, 35
mm/yr or 3.5 cm/yr is equivalent to 35 km/million years, so the plates are not moving
very fast—about the speed that a person’s fingernails grow. Identify areas of the
Earth that are associated with the fastest plate velocities. (With older students, you
may want to tie in the concept of rates and vectors.)

3. Encourage students to spend some time looking at their plate and determining what
characteristics it may have. For instance, does the entire plate consist of a buoyant
continent or a heavy oceanic basin, or portions of both? This is important for students
to consider when determining the type of action the boundary of their plate may
make. Generally, continental crust is more buoyant (less dense) than the mantle, and
therefore resists subduction, however, after it cools, the oceanic crust is actually
denser than the mantle, which makes for easier subduction. Pay particular attention to
this during your discussion concerning convergent zones, subduction, and mountain
building.

4. Direct each student (or group of students) to determine how their plate moves with
respect to the surrounding plates. Students should discuss with each other and agree
with each other or note their differing interpretations. Ask a few students to explain
what their plate’s motion is and how it is interacting with adjacent plates.

5. Discuss with your students the locations that are associated with the different types of
plate boundaries. For each of these examples, move the appropriate plates a small
amount in the direction of the arrows to see what the plate interactions will be.
Question or comment on the features that are associated with the plate boundaries—
earthquakes, mountain ranges, deep-sea trenches, volcanoes. For this and other parts
of the activity, it is convenient for the class to stand around the map and to use a laser
pointer or a meter stick (or a ski pole!) to point our individual plates or plate
boundaries. The example summaries below are from:

e Braile, Larry, and Braile, Sheryl, 2006, Plate puzzle: West Lafayette, Ind., Purdue
University, Department of Earth and Atmospheric Sciences website. (Available at
http://web.ics.purdue.edu/~braile/edumod/platepuzz/platepuzz.htm.)

e Kious, W.J., and Tilling, R.1., 1996, This dynamic Earth—The story of plate
tectonics [online edition]: Reston, Va., U.S. Geological Survey website.
(Available at http://pubs.usgs.gov/gip/dynamic/dynamic.html.)
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Plate Movements

Convergence: The South American Plate and the Nazca Plate, the western Pacific,
Indian, and Eurasia (1) Plates. Note that convergence occurs when two plates are
moving in almost directions toward each other (for example, South America Plate and
Nazca Plate), or when two plates are moving in nearly the same direction but the plate
that is “following” is moving faster (for example, the Pacific Plate and the Philippine
Plate).

These two types of motions that result in convergence could be modeled with two
parallel lines of students representing the edges of two plates. In the first type of
convergence, the students face each other and walk slowly forward until collision. In
the second type of convergence, the students face the same direction and walk slowly
forward, with the second line of students walking faster until colliding with the first
line.

Divergence: The Mid Atlantic Ridge. Point out that Iceland straddles two sides of the
East Pacific Rise, thus is on two separate divergent plates, the North American and
Eurasian Plates.

Transform: The San Andreas fault in California, the Alpine fault in New Zealand,
and the transform faults along the southern boundary of the Nazca Plate.

Combination of movements: Sometimes the plate motions and interactions are more
complicated. For example, for the North American and Pacific Plates, the Pacific
Plate is moving approximately northwest and the North American Plate is moving
approximately southwest. The combination of these motions and the irregularly
shaped plate boundaries results in convergence along the Aleutian Islands, divergence
at the Juan de Fuca Ridge and predominately transforms motions along the San
Andreas Fault and within the Gulf of California.

Hot Spots: Note the Hawaiian Islands in the middle of the Pacific Plate. Although the
islands are not near a plate boundary, they are very active seismically and
volcanically. The ages of the volcanic rocks in the Hawaiian Islands, the chain of
seamounts to the west-northwest, and the Emperor seamounts located farther west
and north, all increase toward the west and north. These observations indicate that the
Hawaiian Island chain is the track of a mantle hotspot, currently located beneath the
southeastern part of the Island of Hawai'i (the “Big Island”). The volcanic islands and
seamounts at the northern end of the Emperor Seamounts, near the Aleutian Trench,
are more than 65 million years old. At the “bend” in the seamount chains, which
connects the Emperor and Hawaiian chains, the volcanic rocks are about 42 million
years old. At Kauai, the westernmost of the main Hawaiian Islands, the volcanic
rocks are about 5 million years old. The Big Island (Hawai i) is less than 1 million
years old and eruptions are occurring today.
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To model the hotspot, place the flashlight under the north end of the Emperor
Seamount chain and cause the plate to move northwest and then west-northwest (at
the “bend”) until the flashlight is at the current position of the hotspot under Hawai i.

For discussion:

e What direction has the plate been moving (with respect to the mantle
hotspot)?

e Where will the future volcanic chain of islands and seamounts be?

e How fast is the plate moving at Hawai i?

e Does the velocity measurement (near the arrow) agree with the velocity
estimated from the volcanic ages (divide the distance in km from Hawai i
to the “bend” by 42 million years, then convert to mm/yr or cm/yr)?

Note Mention to students that scientific understanding of ongoing and dynamic
processes below the Earth’s surface is an ongoing process in itself. There has been
research that indicates that the bend of the Hawaiian-Emperor hotspot track
mentioned above may have been formed by a fast change in position of the
Hawaiian hotspot (Tarduno and others, 2003)!

C. Exploring plate boundaries in Alaska

1. Convergence in the form of a subduction zone plays a major role in Alaskan
volcanism. Be sure to stress the presence of a subduction zone along southern Alaska
and note that it, like other convergent boundaries, experiences a great deal of
volcanism due to the melting of rock above the subducting plates.

2. Point out that the map shows (and you can demonstrate by moving pieces) that the
Pacific Plate is moving towards Alaska causing convergence and as it subducts it will
melt and generate the volcanism witnessed in Alaska. You can also mention the
existence of both continental and ocean crust playing key roles at this subduction
zone as illustrated in the following figure provided by the Alaska Earthquake
Information Center (AEIC).

Oceanic
Crust

Continental
Crust
Alaska

n

Oceanic
Crust
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3. Ask students if there are any other instances in the world where a convergent
boundary is in an area of great volcanism. Emphasize the volcanism and subduction
of Kamchatka, Russia, and Japan. Discuss and outline the “Ring of Fire.”

4. Focus for a bit more on Alaska. According to the Alaska Earthquake Information
Center website, Alaska is the most tectonically active region in the United States -
experiencing more than half of all earthquakes recorded in North America annually.
At the northwest corner of North America, Alaska is situated at the receiving end of
the Pacific Plate, which slides laterally past southeast Alaska and collides directly
with the North American Plate across southcentral Alaska and along the length of
Aleutian Arc. The accumulation of tectonic stresses at depth along the plate
boundaries and the translation of those stresses into the shallower crust of southern
Alaska are the driving forces behind the high level of earthquake activity that occurs
in the state.

5. You may wish to use additional maps to illustrate specific tectonic features in Alaska.

Here are some resources:

e Alaska Earthquake Information Center (AEIC), 2010, Maps: Alaska Earthquake
Information center website, accessed May 27, 2010, at
http://www.aeic.alaska.edu/html_docs/maps.html.

e Haeussler, P.J., and Plafker, G., 1995, Earthquakes in Alaska: U.S. Geological
Survey Open-File Report, 95-624, 1 sheet. (Also available at
=  PDF Poster http://geopubs.wr.usgs.gov/open-file/of95-624/0f95-624L .pdf

and
=  PDF page-size http://geopubs.wr.usgs.gov/open-file/of95-624/0f95-624.pdf.)

As illustrated on the USGS and AEIC Earthquakes in Alaska map, earthquake risk is
high in much of the southern half of Alaska, but the risk is not the same everywhere.
This map shows the overall geologic setting that produces earthquakes in Alaska. The
Pacific Plate (darker blue) is sliding northwestward past southeastern Alaska and then
dives beneath the North American Plate (light blue, green, and brown) in southern
Alaska, the Alaska Peninsula, and the Aleutian Islands. Most earthquakes are
produced where these two plates come into contact and slide past each other. Major
earthquakes also occur throughout much of interior Alaska and result from a collision
of a piece of crust with the southern border. A more detailed tectonic map of southern
Alaska is on p. 70 of:

e Winkler, G.R, 2000, A geologic guide to Wrangell—Saint Elias National Park and
Preserve, Alaska—A tectonic collage of northbound terranes: U.S. Geological
Survey Professional Paper 1616, 166 p. (Also available at
http://pubs.usgs.gov/pp/p1616/P1616.pdf [129 MB].)
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D. Plate tectonics Q&A worksheet
1. Direct the students to fill out the Plate tectonics Q&A worksheet or use the questions
selectively to generate class discussion.

Extensions

1. Education Multimedia Isolation Visualization Center, 2008, Animation clips related
to plate tectonics: Santa Barbara, Calif., University of California website, accessed
June 1, 2010, at http://emvc.geol.ucsb.edu/downloads.php.

2. Incorporate discussion on the Denali Fault earthquake of 2002.
Fuis, G.S., and Wald, L.A., 2003, Rupture in south-central Alaska—The Denali Fault
earthquake of 2002, U.S. Geological Survey Fact Sheet 014-03, 4 p. (Also available
at http://pubs.usgs.gov/fs/2003/fs014-03/index.html.)

Modified from

Braile, Larry, and Braile, Sheryl, 2006, Plate puzzle: West Lafayette, Ind., Purdue
University, Department of Earth and Atmospheric Sciences, accessed June 1, 2010, at
http://web.ics.purdue.edu/~braile/edumod/platepuzz/platepuzz.htm.
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Glossary
Convergence—The act of two tectonic plates coming together, including subduction.

Divergence—The act of two tectonic plates moving away from each other.

Hot spot—An area where magma from deep within the mantle melts through the crust
above it.

Subduction Zone—The zone of convergence of two tectonic plates, one of which usually
overrides the subducting plate leading to localized volcanism.

Tectonic Plate— A segment of the Earth's crust that moves relative to other segments and
is characterized by volcanic and seismic activity around its margins.

13


http://emvc.geol.ucsb.edu/downloads.php�
http://pubs.usgs.gov/fs/2003/fs014-03/index.html�
http://web.ics.purdue.edu/~braile/edumod/platepuzz/platepuzz.htm�
http://www.aeic.alaska.edu/vltpage2.html�
http://www.eed.state.ak.us/tls/assessment/GLEHome.html�
http://pubs.usgs.gov/imap/2800/�

Trench—A long narrow valley on an ocean or sea floor that occurs where two plates
converge or subduct.

Velocity—The time rate of change of position of a body in a specified direction.

Sources of Glossary Definitions

Kious, W.J., and Tilling, R.1., 1996, This dynamic Earth—The story of plate tectonics
[online edition]: Reston, Va., U.S. Geological Survey website. (Available at
http://pubs.usgs.gov/gip/dynamic/dynamic.html.)

Stein, Jess, ed., 1982, The Random House College Dictionary Revised Edition: New
York, Random House, Inc.
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Dynamic Planet Map Pieces

Simkin, T., and others, 2006, This dynamic planet—World map of volcanoes, earthquakes, impact craters, and plate tectonics: U.S. Geological Survey Geologic Investigations Map 1-2800.

15



Name Date Period

Plate Tectonics Q&A

1. What type of boundary exists in southern Alaska between the Pacific and North
American Plates?

2. Why is the boundary between the Pacific and North American Plates different in
Alaska than it is in California? Why might that give us a clue as to why Alaska has so
many volcanoes?

3. What happens when the plates move apart at the mid-ocean ridges? Note Iceland, an
area of active volcanism, located along the Mid-Atlantic Ridge.

4. What direction do you think that the Pacific Plate is moving? How do you know?

5. How does the plate boundary between the Pacific and North American Plates account

for or contribute to volcanism in Alaska? Draw a figure that shows this relationship.

6. Can all of the current and historical activity (last 250 years) at Alaska’s volcanoes be
accounted for due to subduction and the generation of the Aleutian Arc? Are there
volcanoes in Alaska that do not lie on the Aleutian Arc? How might they have
formed?

7. What is the cause of the Himalayan Mountains? Why is this zone of convergence
unique on the Earth today? Are there Alaskan analogs to this kind of plate boundary?
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Plate Tectonics Q&A Key

1. What type of boundary exists in Southern Alaska between the Pacific and North
American Plates?

Subduction, a combination of ocean-ocean and continental-oceanic
collision/convergence

2. Why is the boundary between the Pacific and North American Plates different in
Alaska than it is in California? Why might that give us a clue as to why Alaska has so
many volcanoes?

The direction of Pacific Plate movement is toward the northwest relative to the North
American Plate. In Alaska, subduction is the dominant boundary process; however,
along California’s southern and central coast, the relative plate motion is transform,
with the Pacific Plate scraping along the edge of the North American Plate. Without a
subducting slab to contribute to the generation of molten material, there is no source
for the production of volcanism. Subduction off the coast of northern California,
Oregon, and Washington, is the primary source of magma for the Cascade volcanoes.

3. What happens when the plates move apart at the mid-ocean ridges? Note Iceland, an
area of active volcanism, located along the Mid-Atlantic Ridge.

Although the predominant plate motion is divergence, separate ridge segments are
offset by transform faults. The Mid-Atlantic Ridge shows a number of great examples
of divergence.

4. What direction do you think that the Pacific Plate is moving? How do you know?

The Pacific Plate is moving northwestward (white arrows point in that direction). In
addition, the map shows a northwestward appearance of the Hawaiian Islands, which
are produced as a mostly stationary hot spot form volcanic features on the overriding
plate over time as it moves. Alternately, there is scientific discussion concerning the
movement of the hotspot that may be associated with the current thinking concerning
a change in direction of the movement of the Pacific Plate (see section in the activity
on “hot spots™).
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5. How does the plate boundary between the Pacific and North American Plates account
for or contribute to volcanism in Alaska? Draw one or more figures that illustrate
these relations.

Subduction processes during plate convergence result in the formation of volcanoes.
When the convergence is under the ocean, over millions of years, the erupted lava and
volcanic debris pile up on the ocean floor until a submarine volcano rises above sea
level to form an island volcano. Such volcanoes typically are strung out in chains
called island arcs, such as the Aleutian Arc (and associated Aleutian Trench). As the
name implies, volcanic island arcs, which closely parallel the trenches, generally are
curved. The trenches are the key to understanding how island arcs such as the
Marianas and the Aleutian Islands have formed and why they experience numerous
strong earthquakes. Magmas that form island arcs are produced by the partial melting
of the descending plate and (or) the overlying oceanic lithosphere. The descending
plate also provides a source of stress as the two plates interact, leading to frequent
moderate to strong earthquakes. Associated figures are provided below.
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6. Can all of the current and historic activity (last 250 years) at Alaska’s volcanoes be
accounted for due to subduction and the generation of the Aleutian Arc? Are there
volcanoes in Alaska that do not lie on the Aleutian Arc? How might they have
formed?

For the most part the process of subduction contributes to the historic activity of
Alaska’s volcanoes. This includes Mt. Wrangell and mud volcanoes near the difficult
but accomplished subduction of the Yakutat block (or terrane) which was carried to
the region on the Pacific Plate.

7. What is the cause of the Himalayan Mountains? Why is this zone of convergence
unique on the Earth today? Are there Alaskan analogs to this kind of plate boundary?

Continent to continent collision or convergence is the type of plate motion that
continues to cause rise of the Himalayas. Rocks within the Indian and Asian
continents are of similar rock density. Because the one plate does not subduct beneath
the other, pressure of the colliding plates is relieved by upward thrusting, and
formation of the Himalayas. Mt. Everest, in the Himalayas, is the world’s tallest peak
on land at 29,035 ft (~8,850 m) high. The same mechanism applies to the
development of the St. Elias Range in Alaska. The St. Elias Range is rising rapidly
today because of the collision of the Yakutat block (or terrane), which does not easily
subduct and thus causes mountain building.
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Activity Il. Earthquake Mapping
Grade Level 6—-11

Setting Classroom

Time 50 minutes

Vocabulary (see Glossary)
latitude, longitude, plate boundary, seismicity, subduction zone, tectonic

Correlations to Alaska State Department of Education (2006) Performance

Standards (Grade Level Expectations)

D1—Concepts of Earth Science

SD[6-11] Students develop an understanding of the concepts, processes, theories,
models, evidence, and systems of Earth and space science.

SD2[6-11] Students develop an understanding of the origins, ongoing processes, and
forces that shape the structure, composition, and physical history of the
Earth.

SD2.2[7] The student demonstrates an understanding of the forces that shape Earth
by describing how the movement of the tectonic plates results in both slow
changes (e.g., formation of mountains, ocean floors, and basins) and short
—term events (e.g., volcanic eruptions, seismic waves, and earthquakes) on
the surface.

SD2.2[9-11] Students demonstrate an understanding of the forces that shape Earth by
describing how the theory of Plate tectonics explains the dynamic nature
of its surface

Overview

In addition to the observations of sea floor spreading stripes due to magnetic pole
reversals, the history of determining the location of plate boundaries involves
determining the location and depth of earthquakes. The location of earthquakes tends to
correspond to the location of plate boundaries and the depth of earthquakes corresponds
to the type of process occurring at the plate boundary. In this activity, students will build
an interactive map of earthquakes to illustrate the relation between the location and depth
of earthquake occurrences, and associated plate tectonic boundaries worldwide and
specifically, in Alaska.

Background

Generally, the depth of an earthquake is related to the type of tectonic boundary in which
it occurs. Relatively shallow earthquakes occur at divergent and transform boundaries
and hotspots. Closely spaced earthquakes with a range of depths that deepen in the
direction of plate movement can reflect a subducting plate at a convergent boundary.
Plotting the location and depth of earthquakes in a latitude and longitude area can
illustrate a rough outline of the plate boundaries of the Earth and the type of plate
boundary in which they occur. You can see this relation using the following figures
modified from Lillie, 2005.
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The subducting part of the Pacific Plate generates a significant number of earthquakes.
As the Pacific Plate deepens under the North American Plate, the depth of earthquakes
generated by this subduction also deepens. The depth where the crust is no longer brittle
enough to produce earthquakes is the maximum depth where earthquakes can be used to
identify a subducting plate. The Pacific Plate is subducting under the North American
Plate at an angle that shallows westward, so the region of earthquakes associated with the
subducting plate also shallows westward. This phenomenon in Alaska can be illustrated
by using the next set of figures from the Alaska Earthquake Information Center.
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The above figures show earthquakes in Alaska greater than or equal to M2 (magnitude 2)
recorded between 1970 and 2008. The cross section above is taken across the subduction
zone in south-central Alaska and is represented by the dashed line in the top figure. The
colors of earthquake locations represent the depth of the earthquakes as noted on the map.
Figure modified courtesy of Lea Burris, Alaska Earthquake Information Center (AEIC).
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Objective

The students will be able to illustrate the connection between plate boundaries, tectonic
activity, and the depth and location of earthquakes (also known as seismic events) with
an emphasis in Alaska.

Materials

__ provided continent outline maps (world and Alaska)

_ blank, transparent overhead sheets (transparencies)

_fine tipped markers that will work on overheads (transparencies)

_ clear tape

_overhead projector and screen or wall on which to project

_Incorporated Research Institutions for Seismology (IR1S) list of global earthquakes
from last 30 days available at http://www.iris.edu/seismon/last30.html

_Alaska Earthquake Information Center (AEIC) list of Alaskan earthquakes for a few
days previous available at
http://Earthquake.usgs.gov/eqcenter/recenteqsus/Maps/special/Alaska.php

Procedure

A. Building an illustrative tectonic map of the world

1. To build an illustrative tectonic map of the world, instruct each group of students to
plot a different set of earthquakes from the IRIS list of global earthquakes from the
last 30 days, which have been downloaded or provided.

2. Direct students to lay an overhead sheet carefully over the world map given using the
lines of latitude and longitude for guidance.

3. Further, instruct students to align the two sheets carefully and then clip or tape
together so they will not move.

4. Assign each group some of the earthquakes and a few volcanoes to map on their
sheet. For this part of the exercise, students plot shallowest earthquakes and a single
color should be used by all groups to identify that these are the shallowest
earthquakes plotted. Many sources are available online for location maps of
volcanoes. One source is the:

e Smithsonian Institution [n.d.], Global volcanism program—~Find a VVolcano by
Region: Smithsonian Institution web page, accessed June 1, 2010, at
http://www.volcano.si.edu/world/find_regions.cfm.
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After the groups have finished this exercise, instruct the students to layer the mapped
overhead sheets (making sure that the orientation is the same for each layer) on top of
each other in a single pile on one desk and view from above. Students also can be
instructed to pile overhead sheets on top of the overhead projector for display on a
screen or wall) and watch as the plotted earthquakes begin to outline the plate
boundaries (as seen in the figure in the Background section).

If a rough outline of the plate boundaries cannot be seen, assign the students an
additional set of deeper earthquakes to plot in another color and stack up their results
again. Repeat until the outlines of the plates are apparent.

. Building an illustrative tectonic map of Alaska
. To build an illustrative tectonic map of Alaska given, instruct each group of students

to plot a different set of earthquakes from the list downloaded or provided.

Direct the students to lay an overhead sheet carefully over the map of Alaska and use
the lines of latitude and longitude as guides.

Further, instruct students to align the two sheets carefully and then clip or tape
together so they will not move.

Assign each group some of the earthquakes and a few volcanoes to map on their
sheet. It is best if you assign earthquakes in depth ranges to different groups of
students. For instance a shallow set, an intermediate set, and a deep set. The students
should plot these sets with a different color representing each set. Many online
sources are available for location maps of volcanoes. Sources include:
e Alaska Volcano Observatory, [n.d.], Regional map of Alaskan volcanoes: Alaska
Volcano Observatory webpage. (Available at
http://www.avo.alaska.edu/volcanoes/.)
e Nye, C.J., McGimsey, R.G., and Power, J., 1998, Volcanoes of Alaska: Alaska
Division of Geological and Geophysical Surveys Information Circular 38, 1 sheet
[2 sides], accessed May 27, 2010, at
= PDF Front
http://www.dggs.dnr.state.ak.us/webpubs/dggs/ic/oversized/ic038ed1998 sh0
01.PDF and

= PDF Back
http://www.dggs.dnr.state.ak.us/webpubs/dggs/ic/oversized/ic038ed1998 sh0
02.PDF

e Schaefer, J., and Nye, C.J., 2002, Historically active volcanoes of the Aleutian
Arc: Alaska Division of Geological and Geophysical Surveys Miscellaneous
Publication MP 0123, 1 sheet, accessed June 1, 2010, at
http://www.avo.alaska.edu/pdfs/mp123.pdf.

e Smithsonian Institution, [n.d.], Global volcanism program—\Volcanoes of Alaska
map: Smithsonian Institution web page, accessed June 1, 2010, at
http://www.volcano.si.edu/world/region.cfm?rnum=11.
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5. After the groups have finished, instruct the students to layer the mapped overhead
sheets (making sure that the orientation is the same for each layer) on top of each
other in a single pile on one desk and view from above. Students also can be
instructed to pile sheets on top of the overhead projector for display on a screen or
wall) and watch as the plotted earthquakes begin to outline the subduction zone at this
convergent plate boundary.

6. The compilation of the plots should illustrate a progression of shallow to deep
earthquakes at the Pacific Plate and North American Plate subduction zone.

7. If arough outline of the subduction zone cannot be seen, assign the students an
additional set of deeper earthquakes to plot in another color and stack up their results
again. Repeat until the outlines of the subduction zone is apparent.

C. Discussion
1. Conduct a class discussion about why earthquakes occur along tectonic plate
boundaries, worldwide, and in Alaska.

2. Use the figures from the Background section (available in the companion digital
presentation) to illustrate the coherence with which thousands of plotted earthquakes
image the plate boundaries worldwide and the subduction zone of southern Alaska.

3. Elaborate on the Pacific Plate and North American Plate subduction zone cross
section including the angle of subduction and its relation to earthquake depth. You
may ask students to draw or describe an additional cross section west of the cross
section shown in the figure.

Extensions
1. Have students plot earthquakes from the same general location vs. depth and
summarize the connections between earthquake depth and plate boundary type.

2. Saltus, R.W., and Barnett, A., 2000, Eastern Aleutian volcanic arc digital model—ver.
1.0: U.S. Geological Survey Open-File Report 00-365. (Available at
http://pubs.usgs.gov/of/2000/ofr-00-0365/report.htm.)

3. UNAVCO, 2010, Jules Verne Voyager Jr. Map Tool: UNAVCO web page, accessed
June 1, 2010, at http://jules.unavco.org/VoyagerJr/Earth.

4. Van Wagner, Lois, 1991, The great continental drift mystery: Yale—New Haven
Teachers Institute, Global Change, Volume VI, accessed May 27, 2010 at
http://www.yale.edu/ynhti/curriculum/units/1991/6/91.06.05.x.html.
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Service, available at
e Chapter 1: What the past tells us—Surrounded by volcanoes:

http://vulcan.wr.usgs.gov/Outreach/Publications/GIP19/framework.html and
e http://vulcan.wr.usgs.gov/Outreach/Publications/GIP19/chapter_one_surrounded b
y_volcanoes.pdf (6.9 MB)

Glossary
Latitude—The angular distance of a point on the earth’s surface north or south or the
equator, measured along a meridian.

Longitude-The angular distance between the meridian of a given place and the prime
meridian of Greenwich, England, measured east or west to a maximum value of 180
degrees.

Plate boundary—An area on the margins of tectonic plates where seismic, volcanic, and
tectonic activity takes place because of the relative motion of the plates.

Seismicity—The distribution and frequency of seismic events such as earthquakes or fault
movement.

Subduction Zone-The zone of convergence of two tectonic plates, one of which usually
overrides the subducting plate.
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Tectonic—Refers to earthquakes generated by faulting rather than by volcanic activity.
Latitude: an imaginary line joining points on Earth's surface that are all of equal distance
north or south of the equator.

Sources of Glossary Definitions

Bates, R.K., and Jackson, J.A., eds., 1987, Glossary of Geology (3" ed.): Falls Church,
Va., American Geological Institute, 571 p.

Kious, W.J., and Tilling, R.1., 1996. This dynamic Earth—The story of plate tectonics:
U.S. Geological Survey General Information Product. (Also available at
http://pubs.usgs.gov/gip/dynamic/dynamic.html.)

27


http://pubs.usgs.gov/gip/dynamic/dynamic.html�

170°W  150°W  130°W  HMO'W  SOW  7O°W  50°W  30°W  10°W O° 10°E 20°E 30°E 40°E 50°E 60°E 70°E 80°E  100°E  120°E  140°E  160°E  180°
o N N R R — — R R R R R . S e — —_T—_—_T——— T E

T rrr1T1r 1T 1T 1T°1 T T rrcrrTr Tt rrrrrrrrTr T
170°W 150°W 130°W 1Mo°w o0°'W 0°W 50°W 30°W 10°W 0° 10°E 20°E 30°E 40°E 50°E 60°E 70°E 80°E 100°E 120°E 140°E 160°E 180°

28



m
g
m

170°E
1

0°N—] _./_\\l

5017

1 1 1
180* 170"W B0V 150" 140"wW

29



Chapter 2
Alaska’s Igneous Rocks

Resources

Alaska Department of Natural Resources, 2010, Division of Geological and
Geophysical Surveys, Alaska Geologic Materials Center website, accessed May 27,
2010, at http://www.dggs.dnr.state.ak.us/?link=gmc_overview&menu_link=gmc.
Alaska Resource Education: Alaska Resource Education website, accessed February
22, 2011, at http://www.akresource.org/.

Barton, K.E., Howell, D.G., and Vigil, J.F., 2003, The North America tapestry of time
and terrain: U.S. Geological Survey Geologic Investigations Series 1-2781, 1 sheet.
(Also available at http://pubs.usgs.gov/imap/i2781/.)

Danaher, Hugh, 2006, Mineral identification project website, accessed May 27, 2010, at
http://www.fremontica.com/minerals/.

Digital Library for Earth System Education, [n.d.], Find a resource—Bowens reaction
series: Digital Library for Earth System Education website, accessed June 10, 2010, at
http://www.dlese.org/library/query.do?q=Bowens%?20reaction%20series&s=0.
Edwards, L.E., and Pojeta, J., Jr., 1997, Fossils, rocks, and time: U.S. Geological
Survey website. (Available at http://pubs.usgs.gov/gip/fossils/contents.html.)

Garden Buildings Direct, 2010, Rocks and minerals: Garden Buildings Direct website,
accessed June 4, 2010, at http://www.gardenbuildingsdirect.co.uk/Article/rocks-and-
minerals.

Illinois State Museum, 2003, Geology online—-GeoGallery: Illinois State Museum
Society database, accessed May 27, 2010 at
http://geoclogyonline.museum.state.il.us/geogallery/.

Knecht, Elizebeth, designer, Pearson, R.W., and Hermans, Majorie, eds., 1998, Alaska
in maps—A thematic atlas: Alaska Geographic Society, 100 p.

Lillie, R.J., 2005, Parks and plates—The geology of our National parks, monuments,
and seashores: New York, W.W. Norton and Comdishy, 298 p.

= Chapter 2: Geologic features and processes, p. 34-39.

National Aeronautics and Space Administration, [n.d.], In Situ Resource Utilizaiton
(ISRU) element at Marshall Space Flight Center: National Aeronautics and Space
Administration web page, accessed June 10, 2010, at http://isru.msfc.nasa.gov/igneous-
rocks.html.

Newman, W.L., 1997, Geologic time—Online edition: U.S. Geological Survey.
(Available at http://pubs.usgs.gov/gip/geotime/.)

Schmincke, H.-U., 2004, Volcanism: New York, Springer-Verlag, 324 p.

= Chapter 3: Magmas, p. 21-34.

Smithsonian Institution, [n.d.], The dynamic Earth: Smithsonian National Museum of
Natural History website, accessed June 10, 2010, at
http://www.mnh.si.edu/earth/main_frames.html.
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Smithsonian Institution, 2010, Minerals, crystals, and gems—Stepping-stones to
inquiry—Create a classroom exihibit—Rocks and minerals: Smithsonian Institution
website, accessed June 10, 2010, at
http://www.smithsonianeducation.org/educators/lesson_plans/minerals/lessonl_main.ht
ml.

U.S. Geological Survey, [n.d.], The living rock—The Earth's continental crust (movie
file). This 1-hour video provides a global tour of geologic processes through the eyes of
several USGS scientists. (Media file available at
mms://video.wr.usgs.gov/movies/living_rock.wmv.)

U.S. Geological Survey, 2004, Geologic maps: U.S. Geological Survey website.
(Available at http://geomaps.wr.usgs.gov/parks/gmap/index.html.)

U.S. Geological Survey, 2004, Rocks and minerals: U.S. Geological Survey website.
(Awvailable at http://geomaps.wr.usgs.gov/parks/rxmin/.)

U.S. Geological Survey, 2005, Geologic maps and mapping: U.S. Geological Survey
website. (Available at http://ngmdb.usgs.gov/ncgmp/ncgmpgeomaps/.)

U.S. Geological Survey, 2008, Digital geologic map products for Alaska: U.S.
Geological Survey web site. (Available at
http://minerals.usgs.gov/alaska/prodxdgt.html.)

U.S. Geological Survey Geologic Names Committee, 2007, Divisions of geologic
time—Major chronostratigraphic and geochronologic units: U.S. Geological Survey
Fact Sheet 2007-3015, 2 p. (Also available at http://pubs.usgs.gov/fs/2007/3015/;

PDF http://pubs.usgs.gov/fs/2007/3015/fs2007-3015.pdf.)

University of North Carolina, [n.d.], Atlas of igneous and metamorphic rocks, minerals,
and textures: University of North Carolina Geology Department website, accessed June
10, 2010, at http://www.geolab.unc.edu/Petunia/lgMetAtlas/mainmenu.html.
Weathers, Judy, Galloway, John, and Frank, Dave, 2001, Minerals in our environment:
U.S. Geological Survey Open-File Report 00-144, 1 sheet. (Also available at
http://geopubs.wr.usgs.gov/open-file/of00-144/.)
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Activities

The activities in this chapter will allow students to become familiar with igneous rocks in
terms of identification, location, and association with landscape features including
volcanoes. Students will learn about the importance, value, and usage of geological maps
with an emphasis on their local region. Students also will become familiar with
geochemistry, the various recipes, or compositions of various igneous rock types, and the
volcanic forms commonly associated with these compositions in three volcanic regions in
the United States, including Alaska. Students will build on their knowledge of plate
tectonics and the local plate tectonic boundaries in Alaska.

Activity I. Igneous Rock Identification

Activity 1l. Igneous Rocks—Coming to a Location Near You!
Activity I11. Comparison of Hawaiian, Cascade, and Alaskan Volcanic Rocks
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Activity 1. Igneous Rock Identification

Grade Level 6—11
Setting Classroom or computer lab
Time 45—90 minutes

Vocabulary (see Glossary)
igneous, mafic, magma, plutonic, silicic, volcanic rock

Correlations to Alaska State Department of Education (2006) Science Performance
Standards (Grade Level Expectations)

D1 - Concepts of Earth Science

SD1[6-11]  Students develop an understanding of Earth’s geochemical cycles.

Overview

In this activity, students will investigate how to identify and classify assorted Alaskan
igneous rocks using various properties. These properties also are used to determine the
mechanism and location of formation for these igneous rocks including their relations to
Alaskan volcanism.

Background

Igneous rocks are formed by solidification of magma, which generally consists of silicate
melt (molten rock mainly consisting of silica [Si]), mineral crystals, and dissolved gasses.
Magma is generated deep beneath the Earth’s surface. As it moves toward the surface, it
may be forced out and erupt. Gas-rich magma erupts violently (explosively) as volcanic
bombs and ash, whereas gas-poor magma erupts in a less dramatic manner as lava flows.
When volcanic bombs, ash, and lavas cool, they form volcanic igneous rocks. Not all
magma reaches the surface, however. Sometimes magma remains below the surface and
crystallizes completely to form plutonic igneous rocks. The cooling history has an
important role in the classification of igneous rocks.

One way scientists classify rocks is by determining the origin of the rock (whether it
formed above or below the surface). Plutonic rocks cool and crystallize slowly below the
Earth’s surface allowing crystals more time to develop and results in a rock with large
mineral grains typically visible to the unaided eye (known as coarse-grained) with no glass
remaining between crystals (the glass represents the solidified melt in the magma).
Volcanic rocks cool rapidly at the surface, so magma does not have enough time to
crystallize completely. In addition, crystals forming in magma that reached the surface
(then called lava) have less time to develop. The result is a rock with fewer and smaller
mineral grains (fine-grained), and large amounts of glass between crystals. Another way
scientists classify igneous rocks is to determine whether a rock is fine-grained or coarse-
grained; this is called texture. The third characteristic that scientists use to classify igneous
rocks is chemical composition. Magma that is high in silica (Si) generally forms light-
colored rocks, called silicic. Magma that is low in silica generally forms dark-colored
rocks, called mafic. These are generalities, however, so keep in mind other factors that
affect rock color (for example, bubbles that are left behind by escaped gasses.)
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Objectives
The students will be able to classify igneous rocks according to origin, texture, and color.
The students will be able to describe how igneous rocks form.

Materials
_igneous rock samples (samples [number] correspond to samples in Alaska Resource
Education kit*) with as many of the following as possible:
_ Granite (31-8)
_ Pumice (27-7)
_ Scoria
_ Obsidian (28-9)
_ Basalt (29-11)
— Rhyolite
_ Gabbro (30-10)
_ Andesite
_ Dacite
_magnifiers or hand lenses
_general rock identification book (a few for the class, or one for each group or student)

and (or)

__use the online virtual rock kit of the

School of Ocean and Earth Science, 2006, Igneous rocks: Southampton, U.K., University
of Southampton website, accessed June 10, 2010, at
http://www.soes.soton.ac.uk/resources/collection/minerals/igne-1/index.htm.

and

_index cards
_ Classification of Igneous Rocks worksheet

* Kits are available from the Alaska Resource Education for educators in Alaska. This kit
includes a collection of rock and mineral samples. Kits can be requested from the Alaska
Resource Education website http://www.akresource.org/.

Procedure

A. Student designed classification system

1. Divide students into small groups. Give each student a tray of igneous rocks (see list of
suggested rocks in Materials) or use the recommended virtual rock collection. Ask
students to look at the rocks and determine some way to classify their rocks. Once the
groups have separated their rocks, ask the class what characteristics they selected to
help them classify the rocks. Write these characteristics on the board. Have students
classify their rocks again using a different system than they used the first time. When
they are finished, ask them again what characteristics they selected and add them to the
board.
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2. Discuss how scientists classify igneous rocks. Discuss origin (plutonic or volcanic),
texture (fine-grained or coarse-grained), and color (mafic or silicic). Relate this
vocabulary to the characteristics that the students defined when making their own
classifications.

3. Using handbooks and rock identification guides, have students fill out the following list
of igneous rock identification information on an index card for each unlabeled rock.
Have students use the terms that were used in the discussion concerning how scientists
classify igneous rocks.

e Name: Scientific (likely the last thing to fill in).

e Grain size/texture: Dominant crystal size: small (need a magnifier), medium (can
just make out with unaided eye), large (easily seen with unaided eye) a mix of two
or three sizes, somewhere in between, are all the crystals equal in size.

e Color: Dark, medium, light, black, grey, pink, white, and so on.

e Composition: Mafic, silicic, also note if this could be due to bubbles left behind in
the rock from gases which escaped during cooling.

e Origin: Extrusive or intrusive, volcanic, or plutonic.

e Cool Alaska Fact: Associated mineral and rock type, locale, and origin of name,
found in Alaska.

e Picture: Have students draw a picture of their rock on the back of their paper.

B. Classifying Igneous Rocks worksheet
1. Have students fill in the chart on the Classifying Igneous Rocks worksheet and answer
the questions using their note cards for assistance.

Extensions

1. Have students put their note cards together to create an identification booklet. Have
them include additional pages that may include a glossary, a figure showing the rock
cycle, and so on.

2. Obtain additional specimens of igneous rocks have your students try to identify them
using the technique in number 1. Ask students to determine if their system used for
classifying igneous rocks works well, or not, and to explain the issues.

3. Have students create a newspaper article of a rock obituary that outlines an igneous
rock’s life story.

4. Use Smithsonian Education—Minerals, Crystals, and Gems—Stepping-Stones to
Inquiry, Lesson Plan 1: Create a Classroom Exhibit: Rocks and Minerals website.
(Available at
http://www.smithsonianeducation.org/educators/lesson_plans/minerals/lessonl_main.ht
ml.)
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5. Have students also use the Atlas of Igneous and Metamorphic Rocks, Minerals, and
Textures website to learn more about volcanic and plutonic textures and common
minerals in igneous rocks. (Available at
http://www.geolab.unc.edu/Petunia/lgMetAtlas/mainmenu.html.)

6. Have the students review the Smithsonian Institution’s The Dynamic Earth website.
(Available at http://www.mnh.si.edu/earth/main_frames.html.)

7. Have students identify the majority of minerals that their igneous rocks are made of.
Are there some repeat performers? The most common minerals in igneous rocks may
form sequentially as cooling progresses following the Bowens Reaction. Material on
the Bowens Reaction Series includes:

e Digital Library for Earth System Education (DLESE)
= Bowens reaction series available at
http://www.dlese.org/library/query.do?q=Bowens%20reaction%20series&s=0;
and
= Igneous minerals available at
http://www.dlese.org/library/query.do?g=igneous%20minerals&s=0.

8. Students can learn about the International Union on Geological Sciences (IGUS)
Classification of Igneous Rock.
e In Situ Resource Utilization (ISRU) Element at Marshall space Flight Center
Lunar Regolith Simulant Development and Characterization
NASA Simulant Development: Igneous Rocks website available at
http://isru.msfc.nasa.gov/igneous-rocks.html.

Reference Cited

Alaska State Department of Education and Early Development, 2006, Standards and grade
level expectations, March 2006: State of Alaska website, accessed October 2009 at
http://www.eed.state.ak.us/tls/assessment/GLEHome.html.

Glossary

Igneous—A rock or mineral that solidified from magma; also applied to processes leading
to, related to, or resulting from the formation of such rocks.

Mafic—An igneous rock composed mostly of one or more dark-colored minerals
Magma-—Naturally occurring mobile rock material generated within the Earth and capable
of intrusion, extrusion, from which igneous rocks are derived through solidification and
other processes.

Plutonic—Igneous rocks formed at depth.

Silicic-Silica (Si)-rich igneous rocks or magma, typically two-thirds or 65 percent of the
composition is Si.
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Volcanic rock-A fine-grained or glassy igneous rock resulting from volcanic action at or
near the Earth’s surface; either ejected explosively or extruded as lava.

Source of Glossary Definitions

Bates, R.K., and Jackson, J.A., eds., 1987, Glossary of Geology (3" ed.): Falls Church, Va.,
American Geological Institute, 571 p.
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Name

Date

Classifying Igneous Rocks

Period

Igneous Rocks

Rate of Cooling

Texture

Origin

Granite

Pumice

Scoria

Obsidian

Basalt

Rhyolite

Gabbro

Andesite

Dacite

1. What are three ways that scientists use to classify igneous rocks?

2. Describe how cooling rate affects the size of mineral grains in an igneous rock.

3. Compare and contrast volcanic igneous rocks with plutonic igneous rocks.
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Classifying Igneous Rocks Answer Key

Rate of Mineral
Igneous Rocks Cooling Texture Origin Composition
Granite Slow Coarse-grained Plutonic Silicic
Pumice Very rapid Fine-grained Volcanic Silicic
Scoria Rapid Fine-grained Volcanic Mafic
Obsidian Rapid Fine-grained; Volcanic Silicic
glassy
Basalt Rapid Fine-grained Volcanic Mafic
Rhyolite Rapid Fine-grained Volcanic Silicic
Gabbro Slow Coarse-grained Plutonic Mafic
Andesite Rapid Fine to 'medlum Volcanic Intermediate
grained
i ) Fine to medium . .
Dacite Rapid Volcanic Intermediate

grained

What are three ways that scientists use to classify igneous rocks?

Scientists use origin, texture, and composition to classify rocks. They look at the

texture of the rock to see if it is fine-grained or coarse-grained. The texture of the rock
determines its origin—if it cooled below the surface or above the surface. The mineral
composition (the types of minerals in the rock and their proportions) tells if it is mafic
or silicic (low in silica or high in silica).
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2. Describe how the location of magma and its respective cooling rate affects the size of
mineral grains in an igneous rock.

If magma cools below the surface of the earth, it takes longer to solidify. The longer it
takes to cool, the more time crystals have to develop and the larger they will become.
All of the melt crystallizes, so no glass remains in the rock. If magma cools above the
surface, it will solidify faster and melt crystallizes to glass. The mineral crystals will
have less time to develop and will be smaller with glass present between crystals.

3. Compare and contrast volcanic igneous rocks with plutonic igneous rocks.

Extrusive igneous rocks form from lava that has cooled on the surface of the earth.
They are volcanic and have small mineral grains. Intrusive igneous rocks form from
magma that has cooled below the surface. They are plutonic and have larger mineral
grains than extrusive igneous rocks.

Volcanic igneous rocks form from magma that has cooled on the surface of the earth.
Often they have small mineral grains. Plutonic igneous rocks form from magma that
has crystallized below the surface. They have larger mineral grains than volcanic
igneous rocks.
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Activity I1. Igneous Rocks—Coming to a Location Near You!
Grade Level 6—11

Setting Classroom

Time 50 minutes

Vocabulary (see Glossary)
bedrock, geologic features, stratigraphic column (geologic column)

Correlations to Alaska State Department of Education (2006) Science Performance

Standards (Grade Level Expectations)

D1 - Concepts of Earth Science

SD1[6-11]  Students develop an understanding of Earth’s geochemical cycles.

SD1.1[8] The student demonstrates an understanding of geochemical cycles by
making connections between components of the locally observable geologic
environment and the rock cycle.

SD2[6-11]  Students develop and understanding of the Earth origins, ongoing processes,
and forces that shape the structure composition, and physical history of the
Earth.

SD2.1[8] The student demonstrates an understanding of the forces that shape Earth by
interpreting topographical maps to identify features (that is, rivers, lakes,
mountains, valleys, islands, permafrost, and tundra).

Overview
Students will use a series of maps to identify igneous rock outcrops, young volcanic or
plutonic features, and (or) nearby old volcanic features close (or relatively nearby).

Background

Maps of bedrock geology illustrate the types of rocks that exist in a given area. Even if
there are no currently active volcanoes outside the classroom, students likely will be able to
associate regional features with bedrock types using a geologic map. Students also are
likely to identify igneous intrusions or volcanic rocks associated with volcanic activity that
may have occurred thousands of years ago.

Objectives
The students will identify local igneous rocks and their associated landforms using an
Alaska statewide and (or) regional bedrock geologic map.

Materials

_ Geologic Map of Your Area worksheet
__string, yarn, or twine, and

_ pins with heads, or

_drawing compass, and

_ pencil
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Geologic Maps—enough copies so that each group has one map. Suggested maps are:

_ Werdon, M.B., Szumigala, D.J., and Davidson, G., 2000, Generalized geologic map of
Alaska: Alaska Department of Geological and Geophysical Surveys (included in
activity)

PDF http://www.dggs.dnr.state.ak.us/download/akgeomap.pdf and (or)

A map of your area from
Alaska Department of Natural Resources, [n.d.], Alaska geologic map index search—

Text search interface: Alaska Department of Natural Resources web page, accessed

June 10, 2010, at http://maps.akgeology.info/STSE/tsi.jsp.

Go to the “Geology” section and check “Bedrock geology” and then “Search”

(lower left)

e The purple areas in the completed search have corresponding bedrock geologic
maps listed below the map. Click on the Online links (second column from left)
for the map of interest. This will bring you to the Alaska Division of Geologic
and Geophysical Surveys (ADGGS) website where you can download the PDF
of the map, generally by choosing the “Sheet” link(s) and (or)

_ Geologic Maps from
U.S. Geological Survey, 2008, Alaska Mineral Resources—Digital geologic map

products for Alaska: U.S. Geological Survey web page. (Available at

http://minerals.usgs.gov/alaska/prodxdgt.html.

e For those titled “Geologic Maps of...” click on the title and on the next screen,
the SIM or Plate link to the right is to a PDF file of the map.

e For those titled “Digital Data for...” click on the title and on the next screen,
scroll down to the table of “PDF files of the geologic map and text” the links
there go to PDF files of the map and (or)

_ Geologic maps accessible from the Alaska VVolcano Observatory website
http://www.avo.alaska.edu/downloads/classresults.php?pregen=map.

Additional maps of volcanoes in Alaska include:

_ Nye, C.J., and others, 1998, VVolcanoes of Alaska: Alaska Division of Geological and
Geophysical Surveys Information Circular 1C 0038, 1 sheet [2 sides], accessed June 1,
2010, at

e Front PDF (6.4 MB)
http://www.dggs.dnr.state.ak.us/webpubs/dggs/ic/oversized/ic038ed1998 sh001.PDF
and

e Back PDF (6.6 MB)
http://www.dggs.dnr.state.ak.us/webpubs/dggs/ic/oversized/ic038ed1998 sh002.PDF.

_Smithsonian Institution, [n.d.], Global volcanism program—\Volcanoes of Alaska, Map:
Smithsonian Institution web page, accessed June 1, 2010, at
http://www.volcano.si.edu/world/region.cfm?rnum=11.
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Procedure

A. Students read a geologic map of their area

1. lustrate for the students how to use the map explanation, scale, and other information
that is included on the map (such as the stratigraphic column, list of formations, inset
maps, and so on).

2. Instruct students to locate their community and place a pin in its exact center. This
could be challenging. Students may need to use additional state maps with communities
labeled for reference.

3. Direct students to draw in pencil a light circle on the map using a piece of string or a
drawing compass to draw an arc around the pin. For large-scale maps, direct students to
draw a small circle around their area, for small-scale maps, have students draw a bigger
circle.

4. Ask students to figure out and record the scale of their circled region—diameter, radius,
and (or) area.

5. Inside the circle, students can identify and record requested information on the
Geologic Map of Your Area worksheet:
e All the symbols inside the circle;
e The age and rock types of the various rocks; and
e Associate various rock types on the map with surface features (mountains, fjords,
mines, gravel pits, volcanoes, valleys, and so on.), using local knowledge of the
students.

6. Assign students to answer the questions on the Geologic Map of Your Area worksheet.
The questions will require the use of a volcanic map of Alaska.

Modified from

Maine Geological Survey, 2005, Activities and resources for Earth Science teachers,
Activity #10—Bedrock geologic map of Maine: Maine Department of Conservation
website, accessed May 27, 2010, at
http://maine.gov/doc/nrimc/mags/education/lessons/act10.htm.

Reference Cited

Alaska State Department of Education and Early Development, 2006, Standards and grade
level expectations, March 2006: State of Alaska website, accessed October 2009 at
http://www.eed.state.ak.us/tls/assessment/GLEHome.html.
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Glossary
Bedrock — A general term for the rock, solid, that underlies soil or other unconsolidated,
superficial material.

Geologic features — The rocks, minerals, and physical structure of a specific area.

Stratigraphic column (geologic column) — A composite diagram that shows in a single
column the subdivisions of part or all of geological time or the sequence of stratigraphic
units of a given locality or region (with the oldest units at the bottom and the newest at the
top) to indicate their relations to the subdivisions of geologic time and their relative
positions to each other.

Source of Glossary Definitions

Bates, R.K., and Jackson, J.A., eds., 1987, Glossary of Geology (3" ed.): Falls Church, Va.,
American Geological Institute, 571 p.
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Alaska: in Plafker, G., and Berg, H.C., eds., The Geology of Alaska,

Pacific Ocean

500 Kilometers

! Geology of North America, v. G-1. Geological Society of America

plate 12, scale 1:2,500,000.

45



Name Date Period

Geologic Map of Your Area

Familiarize yourself with the explanation, scale, and other information that is
included on the map such as the stratigraphic column, list of formations, inset figures,
and so on.

Locate your community on the map and place a pin in the exact center. This could be
challenging! You may need to use additional state maps with communities labeled for
reference.

Use a piece of string or a drawing compass and pencil to draw an arc around the pin,
leaving a circle lightly in pencil on the map. The circle should encompass a familiar
region around your community.

Figure out and record the scale of your circled region—diameter, radius, and area.
Remember to label your units!

Diameter Radius Area

In the table below, identify and record the information inside the circle. Continue on
the back of this worksheet if you need more room.

Local Feature Associated

Rock Unit | RockUnit | oSk Amount With Th:S Unit
Symbol Name Unit (percent) of | (mountain, volcano, mine,
Age Unit in Circle | valley, gravel pit, and so
on)
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6. Write a short paragraph describing the major rock types and their likely relations to
local features that are inside your circle.

7. Are there igneous, volcanic, and (or) plutonic rocks in your circle? If so, with what
local features are they associated?

8. Do your igneous, volcanic, and (or) plutonic rocks correspond with areas of present
or past volcanic activity? Look at maps of volcanic regions of Alaska for a
comparison.
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Activity 111. Comparison of Hawaiian, Cascade, and Alaskan Volcanic Rocks
Grade Level 7—-11

Setting Classroom

Time 45—90 minutes

Vocabulary (see Glossary)
pyroclastic flow, viscosity, Volcano Explosivity Index (VEI)

Correlations to Alaska State Department of Education (2006) Science Performance

Standards (Grade Level Expectations)

D1 - Concepts of Earth Science

SD1[6-11] Students develop an understanding of Earth’s geochemical cycles.

SD1.1[8]  The student demonstrates an understanding of geochemical cycles by
making connections between components of the locally observable geologic
environment and the rock cycle.

SD2[6-11] Students develop an understanding of the origins, ongoing processes, and
forces that shape the structure, composition and physical history of the
Earth.

Overview

Volcanic rocks from historically active volcanoes in the United States vary in
composition—the amounts and relative proportions of minerals that make up the rock. In
this activity, students will learn how these compositional variations often are related to
the style of eruption and type of volcano seen on the landscape today. It is important to
note to students that there are exceptions in almost every case.

Background

Silica (generally referred to as an oxide, SiO, — silica dioxide) content determines the
thickness of magma, which in turn affects its viscosity: resistance to flow. The higher the
amount of SiO; (the higher the viscosity) the more resistant to flow. The amount of
water, as a dissolved gas, in magma also affects its viscosity. The difficulty with which
gas can travel through magma depends in part on the viscosity; the higher the viscosity,
the more difficult it is for gases to be released from the magma. Typically, magmas with
higher amounts of SiO, have volcanic eruptions that are more explosive.

Objectives
The students will be able to describe how composition and tectonic setting of a volcano
generally affect the eruptive style and size of a volcanic eruption.

Materials

— Volcanic Compositions and Recent U.S. Volcanic Eruptions worksheets,
— computer with spreadsheet/graphing computer software program, or

— materials to generate bar graphs by hand (pens, pencils, paper).
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Procedure

A. Research assignment

1. Individually, or in groups, have students study the following eruptions of U.S.
volcanoes and fill in the Recent U.S. Volcanic Eruptions worksheet.

Mt. St Helens, Cascade Range, Washington, 1980—86
Kilauea, Big Island of Hawai i, 1983—ongoing
Okmok, Alaska Peninsula, 1997

Novarupta, Alaska Peninsula, 1912

Augustine, Cook Inlet, Alaska, 1986

Suggested resources include:

Alaska Volcano Observatory, [n.d.], Regional map of Alaskan volcanoes: Alaska
Volcano Observatory website. (Available at
http://www.avo.alaska.edu/volcanoes/.)
Miller, T.P., McGimsey, R.G., Richter, D.H., Riehle, J.R., Nye, C.J., Yount,
M.E., and Dumoulin, J.A., 1998, Catalog of the historically active volcanoes of
Alaska: U.S. Geological Survey Open-File Report 98-0582, 104 p. (Also available
at http://www.avo.alaska.edu/downloads/classresults.php?citid=645.)
Smithsonian Institution, [n.d.], Global volcanism program: Smithsonian
Institution web pages, accessed May 27, 2010, at
= Volcanoes of the World
http://www.volcano.si.edu/world/ and
= Large Holocene Eruptions
http://www.volcano.si.edu/world/largeeruptions.cfm
U.S. Geological Survey, 2009, Volcano Hazards Program, VHP photo glossary—
VEI: U.S. Geological Survey web page. (Available at
http://volcanoes.usgs.gov/images/pglossary/vei.php.)
U.S. Geological Survey, 2010, Cascades Volcano Observatory (CVO): U.S.
Geological Survey website. (Available at http://vulcan.wr.usgs.gov/.)
U.S. Geological Survey, 2010, Hawaiian VVolcano Observatory (HVO): U.S.
Geological Survey website. (Available at http://hvo.wr.usgs.gov/.)
U.S. Geological Survey, 2010, Volcano Hazards Program: U.S. Geological
Survey website. (Available at http://volcanoes.usgs.gov/.)

B. Graphing assignment

1. Have the students use a spreadsheet/graphing computer software program or draw by
hand a bar graph (space provided on Volcanic Compositions worksheet) of the
compositions of five volcanic rocks and answer the Volcanic Compositions worksheet
using the graph and eruption cards worksheet.

C. Discussion
1. Discuss trends on the graphs and the answers to the Volcanic Compositions
worksheet with students.
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Extensions
1. Have students explore these and other on-line resources for additional research
projects comparing and contrasting these volcanoes further.
e National Park Service, variously dated, Explore nature: National Park Service
websites available at
= Explore Geology—Tour of park geology, search by state,
http://www.nature.nps.gov/geology/parks/bystate.cfm.

= Geology Fieldnotes, Hawaii VVolcanoes National Park, Hawaii,
http://www.nature.nps.gov/geology/parks/havo/index.cfm.

= Geology Fieldnotes, Katmai National Park and Preserve, Alaska,
http://www.nature.nps.gov/geology/parks/katm/index.cfm.

e Rozell, Ned, 2001, Okmok Volcano on the rise in the Aleutians, Alaska Science
Forum, August 30, 2001: Geophysical Institute, University of Fairbanks, Article
No. 1557, accessed May 27, 2010, at
http://www.qgi.alaska.edu/ScienceForum/ASF15/1557.html.

e U.S. Forest Service, 2010, Mount St. Helens National VVolcano Monument: U.S.
Forest Service website. (Available at http://www.fs.fed.us/gpnf/mshnvm/.)

e U.S. Geological Survey, variously dated, Geology of National Parks—3D and
photographic tours featuring park geology and natural history: U.S. Geological
Survey websites available at
= Hawaii Volcanoes National Park—A 3D photographic geology tour.

(Available at http://3dparks.wr.usgs.gov/havo/index.html.) and
= Mount St. Helens National VVolcanic Monument—A 3D photographic tour of
park geology. (Available at http://3dparks.wr.usgs.gov/sthelens/.)

2. The cooling history and crystallization of plutonic and volcanic rocks can be
explored. A comparison of igneous rocks of the same composition and their cooling
histories can help students identify that cooling rate associated with cooling location,
above or below the ground surface, leads to two different rock types for the same
composition magma. Resources include:

e U.S. Geological Survey, 2009, Volcano Hazards Program, VHP photo glossary—
Volcanic rocks—Types of Igneous Rocks: U.S. Geological Survey web page.
(Available at http://volcanoes.usgs.gov/images/pglossary/VolRocks.php.)

3. Crystal growing experiments can further illustrate how cooling time relates to crystal
size and growth. This may be shown by grown sugar crystals (rock candy) or through
laboratory use of salol. Resources include:

e Digital Library for Earth System Education (DLESE), [n.d.],

= Crystal growing. (Available at
http://www.dlese.org/library/query.do?g=crystal%20growing&s=0.) and
= Salol. (Available at http://www.dlese.org/library/query.do?q=salol&s=0.)
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Modified from

Oregon State University, 2010, VolcanoWorld—Comparing the Chemical Composition
of Hawaiian Basalt and Mount Saint Helens Dacite website, accessed May 27, 2010, at
http://volcano.oregonstate.edu/vwdocs/vwlessons/activities/r_number8.html.

References Cited

Alaska State Department of Education and Early Development, 2006, Standards and
grade level expectations, March 2006: State of Alaska website, accessed October 2009
at http://www.eed.state.ak.us/tls/assessment/GLEHome.html.

U.S. Geological Survey, 2009, Volcano Hazards Program, VHP Photo Glossary—
Volcanic rocks—Types of Igneous Rocks: U.S. Geological Survey webpage.
(Available at http://volcanoes.usgs.gov/images/pglossary/VolRocks.php.)

Glossary

Pyroclastic flow — A pyroclastic flow is a ground-hugging avalanche of hot ash, pumice,
rock fragments, and volcanic gas that rushes down the side of a volcano as fast as 100
km/h (~62 mi/h) or more. The temperature within a pyroclastic flow may be greater than
500°C (932°F), sufficient to burn and carbonize wood. Once deposited, the ash, pumice,
and rock fragments may deform (flatten) and weld together because of the intense heat
and the weight of the overlying material.

Viscosity — Viscosity is the property of a substance to offer internal resistance to flow,
specifically the ratio of the shear stress to the rate of shear strain known as the coefficient
of friction.

Volcano Explosivity Index (VEI) — Proposed in 1982 as a way to describe the relative
size or magnitude of explosive volcanic eruptions. It is a 0-to-8 index of increasing
explosivity. Each increase in number represents an increase around a factor of ten. The
VEI uses several factors to assign a number, including volume of erupted pyroclastic
material (for example, ash fall, pyroclastic flows, and other ejecta), height of eruption
column, duration in hours, and qualitative descriptive terms.

Source of Glossary Definitions

Bates, R.K., and Jackson, J.A., eds., 1987, Glossary of Geology (3" ed.): Falls Church,
Va., American Geological Institute, 571 p.

U.S. Geological Survey, 2010, Volcano Hazards Program—USGS photo glossary of
volcanic terms: U.S. Geological Survey website. (Available at
http://volcanoes.usgs.gov/images/palossary/index.php.)
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Name Date Period

Recent U.S. Volcanic Eruptions

Study the following recent volcanic eruptions in the United States and complete the
following volcanic eruption cards.
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Name Date Period

Volcanic Compositions

Using a spreadsheet/graphing computer software program or drawing by hand in the space
provided below, plot the compositions (in weight percent of oxides [wt%]) of the five
volcanic rock types given as a bar graph and answer the questions using your graph.

Kilauea Okmok Augustine Mt. St. Novarupta

wt% (Hawaii) (Alaska) (Alaska) Helens (Alaska)

Oxides* Basalt Basalt Andesite | (Washington) | Rhyolite
1983 1997 1986 Dacite 1980 1912
SiO, 48.4 52.4 60.1 63.5 77.6
Al,O3 13.2 15.8 16.7 17.6 12.4
FeO 11.2 11.5 5.9 4.2 1.2
MgO 9.7 4.9 4.6 2.0 0.1
CaO 10.3 9.8 7.4 5.2 0.9
Na,O 2.4 3.1 3.7 4.6 4.2
KO 0.6 0.8 0.9 1.3 3.3
TiO; 2.8 1.4 0.6 0.6 0.2
Other 1.4 0.3 0.1 1.0 0.1

*Si0, = silica dioxide; Al,O3 = aluminum oxide; FeO = total iron oxide; MgO = magnesium oxide;
CaO = calcium oxide; Na,O = sodium oxide; K,O = potassium oxide; TiO, = titanium oxide; Other =
other elements. Values are weight percent oxide.
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Volcanic Compositions Questions

Using your bar graph of the five given volcanic rock compositions and your volcanic
eruption cards, answer the following questions.

1. Which rock has the greatest amount (weight percent) of silica?

2. Do you think the amount of silica within the magma, lava, or volcanic rock

composition is related to the explosiveness of volcanic eruptions? If so, how?

3. Which rock type has the greatest amount of iron and magnesium?

4. How may the amount of iron and magnesium influence the color of the rock?

5. Of the three Alaskan volcanoes, which one has the greatest weight percent of silica?

6. Which volcano do you think has the most viscous lava?

7. Which volcano will erupt explosively due to the higher weight percent of silica in its
lava?
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Recent U.S. Volcanic Eruptions Key

Volcanolyear Eruption Tectonic Eruption
Style Setting Size (VEI)
Okmok (Alaska) Explosive with Subduction 3
1997 lava flows Zone
LgLET e Explosive with Subduction
e pyroclastic flows Zone 4
1986
Kilauea (Hawaii) Explosive with
1983-ongoing lava flow Hot Spot 1
O Explosive with Subduction
e, pyroclastic flows Zone 6
1912
Mt St Helens Explosive with Subduction
(Washington) pyroclastic flows Zone 5
1980-86 and flank failure
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Volcanic Compositions Key

Si0,, silica; Al,O3, aluminum oxide; FeO, total iron oxide; MgO, magnesium oxide; CaO,
calcium oxide; Na,O, sodium oxide; K,O, potassium oxide; TiO,, titanium oxide; Other, other
elements. Values are weight percent oxide.
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Volcanic Compositions Questions Key
. Which rock has the greatest amount of silica?

The Novarupta (Alaska) rhyolite has the greatest amount of silica with 77.6 weight
percent (wt%) SiO,.

Do you think the amount of silica within the magma, lava, or volcanic rock
composition is related to the explosiveness of volcanic eruptions? If so, how?

It may be (it is!). The Novarupta eruption was gigantic!
. Which rock type has the greatest amount of iron and magnesium?

The Hawaiian basalt has the greatest amount of iron (FeO at 11.2 wt%) and
magnesium (MgO at 9.7 wt%).

How may the amount of iron and magnesium influence the color of the rock?

Iron and magnesium are metallic and dark, in large enough quantities; they may
contribute to the dark color of the rock.

Of the three Alaskan volcanoes, which one has the greatest percentage of silica?

The Novarupta (Alaska) rhyolite has the greatest amount of silica with 77.6 wt%
SiO;.

. Which volcano do you think has the most viscous lava?

The Novarupta (Alaska) rhyolite has the greatest amount of silica with 77.6 wt%
Si0O, and must be the most viscous.

. Which volcano will erupt explosively due to the higher percentage of silica in its
lava?

The Novarupta (Alaska) Volcano.
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Chapter 3
Eruption!

Resources

Brantley, S.R., 1999, Volcanoes of the United States: U.S. Geological Survey General

Interest Publication, http://pubs.usgs.gov/gip/volcus/index.html.

Hawaii Natural History Association, [n.d.], A teacher’s guide to the geology of

Hawaii VVolcanoes National Park—Kinds of volcanic eruptions: Oregon State

University website, accessed June 1, 2010, at

http://volcano.oregonstate.edu/education/vwlessons/kinds/kinds.html

Lillie, R.J., 2005, Parks and plates—The geology of our National parks, monuments,

and seashores: New York, W.W. Norton and Comdishy, 298 p.

= Chapter 2: Geologic Features and Processes, p. 34-39.

Shcmincke, H.-U., 2004, Volcanism: New York, Springer-Verlag, 324 p.

= Chapter 3: Magmas, p. 21-34.

Smithsonian Institution, [n.d.], Global volcanism program: Smithsonian Institution

web page, accessed June 1, 2010, at

= Large Holocene Eruptions
http://www.volcano.si.edu/world/largeeruptions.cfm

Tilling, R.1., 1997, Volcanoes—On-line edition: U.S. Geological Survey General

Interest Publication. (Available at http://pubs.usgs.gov/gip/volc/.)

U.S. Geological Survey, 1997 [2007], Volcanoes teacher’s guide: U.S. Geological

Survey website. (Available at http://erg.usgs.gov/isb/pubs/teachers-

packets/volcanoes/.

WGBH Educational Foundation, 2010, Teacher’s domain resource: WGBH

Educational Foundation web pages, accessed June 1, 2010, at

= Volcanic Features
http://www.teachersdomain.org/resources/ess05/sci/ess/earthsys/volcanfeatr/index
.html and

= Volcanism
http://www.teachersdomain.org/resources/ess05/sci/ess/earthsys/volcanintro/index
html.

60


http://pubs.usgs.gov/gip/volcus/index.html�
http://volcano.oregonstate.edu/education/vwlessons/kinds/kinds.html�
http://www.volcano.si.edu/world/largeeruptions.cfm�
http://pubs.usgs.gov/gip/volc/�
http://erg.usgs.gov/isb/pubs/teachers-packets/volcanoes/�
http://erg.usgs.gov/isb/pubs/teachers-packets/volcanoes/�
http://www.teachersdomain.org/resources/ess05/sci/ess/earthsys/volcanfeatr/index.html�
http://www.teachersdomain.org/resources/ess05/sci/ess/earthsys/volcanfeatr/index.html�
http://www.teachersdomain.org/resources/ess05/sci/ess/earthsys/volcanintro/index.html�
http://www.teachersdomain.org/resources/ess05/sci/ess/earthsys/volcanintro/index.html�

Activities

These activities allow students to build on their knowledge of igneous rocks and
magmatic compositions and relate them to features and eruptive products formed at
Alaskan volcanoes through multiple eruptions that sometimes occur at the same vent.
Students will compare volcanic eruptions that occurred in Alaska to one another and (or)
to volcanic eruptions that occurred elsewhere in the United States. Students will learn
about a scale used to compare the size of one eruption to another and ultimately will learn
about the largest volcanic eruption on Earth in the 20th century, which took place on the
Alaska Peninsula in 1912. Specific volcanic products that may pose potential hazards to
population locally and far away are presented in Chapter 5. Alaska’s VVolcanoes and You.

Activity I. Eruption 1, 2, 3...

Activity Il. Compare and Contrast—Alaska Style
Activity 111. Volcanic Explosivity Index, Alaska
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Activity | Eruption 1, 2, 3...

Grade Level 6—-11

Setting Classroom

Time 50—90 minutes (with homework assignment of varying length at the beginning)

Vocabulary (see Glossary)
caldera, cinder cone, flood or plateau basalt, intracaldera, lava dome, maar, pyroclastic
flow, resurgent dome, shield, stratovolcano (or composite cone)

Correlations to Alaska State Department of Education (2006) Performance

Standards (Grade Level Expectations)

D1 - Concepts of Earth Science

SD[6-11]  Students develop an understanding of the concepts, processes, theories,
models, evidence, and systems of earth and space sciences.

SD2[6-11] Students develop an understanding of the origins, ongoing processes, and
forces that shape the structure, composition, and physical history of the
Earth

SD2.3[6]  The student demonstrates an understanding of the forces that shape Earth by
describing how the surface can change rapidly as a result of geological
activities (i.e., earthquakes, tsunamis, volcanoes, floods, landslides,
avalanches).

Overview

Several types of eruptive processes can occur at a single volcano over its long lifespan.
Many of Alaska’s volcanoes have had multiple eruptions of varying types over the course
of their lengthy and active history. This variance in eruption style is reflected in the types
of volcanic features and deposits that may still be visible at the volcano. By using
common, everyday materials available in the classroom and at home, students will
construct a volcano model. Using at least two different methods students will generate at
least two consecutive and varying volcanic eruptions of their model volcano and recreate
various eruptive types and products, which then can be related to those seen at Alaskan
volcanoes.
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Background

Several types of eruptive processes generate various volcanic deposits and features. In
many cases, a dominant eruption process leads a particular volcano to be labeled as a
shield, caldera, stratovolcano or composite cone, cinder cone or dome. In many cases,
however, individual volcanoes have had variation in eruption processes and products over
time. A single volcano can produce a wide variety of features throughout its multi-
eruption history. Resources concerning the various volcanic eruption processes include:

Types of Volcanoes

Volcano Type

Characteristics

Examples

Simplified Diagram

Flood or
Plateau Basalt

Wary liguid lava; flows very
widespread; emitted from
fractures

Columbia River Plateau

1 mile:

[

Shield Volcano

Ligquid lava emitted from a
central vent; large; sometimes
has a collapse caldera

Larch Mauntain, Maount
Sylvania, Highland Butte,
Hawalian valcanoes

k5l

THM

2

Cinder Cone

Explosive liguid lava; small;
emitted from a central vent;

if continued long enough, may
huild up a shield volcano

rdount Tabar, Mount
Zion, Chamberlain Hill,
Filot Butte, Lava Buite,
Craters of the Moon

Composite or
Stratovolcano

Increasing Vialence
Increasing Wiscosity

hdore wiscous lavas, much
explosive (pyroclastic) debris;
large, emitted from a central
vent

rdount Baker, Mount
Rainier, Mount 5t. Helens,
rAount Hood, kount
Shasta

Volcanic Dome

Wery viscous lava; relatively
small; can be explosive;
commonly occurs adjacent to
craters of composite volcanoes

Movarupta, Mount St.
Helens Lava Dome,
rount Lassen, Shastina,
hdono Craters

Caldera

Yery large composite volcano
collapsed after an explosive
perind; frequently associated
with plug domes

Crater Lake, Mewberry,
Kilauea, Long Valley,
hdedicine Lake,
Yellowstone

a USGS

Topika, UEGSASIAE, Y097 Modified frorm: Allery, 1975, Vobances of the Poriiand Ares, Svegon, Sre-8in, v.57, na D

e http://vulcan.wr.usgs.qov/Glossary/VVolcanoTypes/volcano types.html and

e U.S. Geological Survey, 2008, Volcano types "Quick reference guide™: U.S. Geological

Survey web page. (Available at

http://vulcan.wr.usgs.gov/Glossary/\VVolcanoTypes/volcano_types_quick_reference.html.)

63



http://vulcan.wr.usgs.gov/Glossary/VolcanoTypes/volcano_types.html�
http://vulcan.wr.usgs.gov/Glossary/VolcanoTypes/volcano_types_quick_reference.html�

Some salient points that can provide a general view of Alaskan-style volcanism and

dispel misperceptions about the nature of volcanic eruptions are:

e A wide range of activity can take place during volcanic eruptions, including explosive
and non-explosive events that may occur during the entire period of eruption.

e Volcanoes can produce what may initially appear as processes leading up to an
eruption ending without an eruption; in many cases this is due to magma moving
underground but not erupting.

e Eruptions can be long or short; they may culminate in a single event or progress for
months to years in several events.

e Eruptions are multifaceted—they consist of multiple processes occurring
simultaneously, or one following the other, and this dynamic may change throughout
the entire timeframe of an eruption.

e Volcanoes can erupt in different ways through time with varying degrees and timing
of constructive and destructive processes shaping the volcanoes.

Over the long lifespan of many of Alaska’s calderas, consecutive eruptions have
generated complexes of closely spaced domes, cider cones, and lava flows, sometimes
piled on top of one another. In some instances, an eruption leading to the formation of a
caldera can happen before and after the formation of other significant volcanic products
over millions of years. Example Alaskan calderas with intracaldera features include
Aniakchak, Okmok, Kaguyak, and Veniaminof. For descriptions, see the AVO website
http://www.avo.alaska.edu/volcanoes/.

Additionally, some volcanoes exhibit an eruptive type not classically recognized based
solely on the type of igneous rocks ejected. For example, Wrangell, an andesitic volcano
is a shield volcano, which is more commonly associated with basaltic compositions.
Scientists believe this is because of the massive amount of lava ejected by Wrangell
volcano, with lava flows as long as 58 km (36 mi), which occurred over a very short
amount of time. Many stratovolcano or composite cones in Alaska also feature summit
domes and craters, and cinder cones on their flanks. Each volcanic feature is connected to
a particular, varying eruptive process, and magmatic composition.

Objectives

Students will learn about how one volcano can display different eruption styles and
products through time. Students will understand different eruption processes at Alaskan
volcanoes.

Materials

Students will need to combine several volcanic models and eruption processes using
different household and classroom materials for this activity. Students can create their
volcano model as a homework assignment and then conduct two or more eruptions (using
different processes) of that model in the classroom.
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Suggestions for volcano models, eruption processes, and materials needed are available at
these web sites:

Hawai'i Space Grant College, 1996, Teacher pages: University of Hawaii, Hawali'i
Institute of Geophysics and Planetology, accessed June 1, 2010, at
= Gelatin Volcanoes
http://www.spacegrant.hawaii.edu/class_acts/GelVolTe.html and
= (Cake Batter Lava
http://www.spacegrant.hawaii.edu/class_acts/CakelLavaTe.html.
Montana Bureau of Mines and Geology, [n.d.], Let’s make a volcano: Montana
Bureau of Mines and Geology web page, accessed June 1, 2010, at
http://www.mbmg.mtech.edu/kids/make_a_volcano.htm.
Oregon State University, [n.d.], VolcanoWorld—\Volcano models: Oregon State
University website, accessed June 1, 2010, at
http://volcano.oregonstate.edu/education/models/index.html.
Reeko’s Mad Scientist Lab, 2005, Build a real working volcano: Reeko’s Mad
Scientist Lab web page, accessed June 1, 2010, at
http://www.spartechsoftware.com/reeko/Experiments/volcano.htm.
Rockhounding Arkansas, 1998, Make a volcano: Rockhounding Arkansas web page,
accessed June 1, 2010, at http://rockhoundingar.com/pebblepups/volcano.html.
U.S. Geological Survey, 1997, The mountain blows its top, Lesson 2, Activity 1, in
Volcanoes! Creators and destroyers: U.S. Geological Survey web pages (Available at
http://edc2.usgs.gov/pubslists/teachers-packets/volcanoes/pdf/Lesson2-all.pdf.)
Wolff-Michael Roth, [n.d.], How to build your own volcano—Paper méché volcano:
University of Victoria, Lansdowne Professor, Applied Cognitive Science, Faculty of
Education, accessed June 1, 2010, at
http://www.educ.uvic.ca/faculty/mroth/438/VOLCANO/PAPER_MACHE.html.

The materials required will vary based on the eruption styles selected.

Procedure (see part E for an example)
A. Review or introduce materials on types of volcanoes
1. Using the background figure and resources, and additional materials available

through your science curriculum, review the main types of volcanoes with your class.
Note Activity I in Chapter 4 of this guidebook also covers this material.

B. Planning and student homework assignment
1. Divide your class into small groups who will work together on this homework

assignment and follow-up classroom activity.

Have each group of students select an Alaskan volcano to model. In addition to other
on-line, classroom, and library resources, students may use the AVO website
(http://www.avo.alaska.edu/) or other source(s) of information on eruptive features
and types of Alaskan volcanoes. Students can learn about the most recent and (or)
most dominant (still visible) eruptive processes and products at their selected volcano.
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3. Assign students the task of building a model of their selected volcano as homework.
It may be best to give students a weekend or multiple evenings to work on the model.
Students may generate an initial, first eruption in the process of making their volcano.
Students will then conduct two subsequent eruptions of their volcano in the classroom
using two different processes and record their observations.

C. Subsequent eruptions in the classroom

1. Students may or may not have conducted an initial, first, eruption in the construction
of their volcano model. Either way, direct students to bring their homework volcano
models into the classroom and have them conduct at least two eruptions in the
classroom using different processes to generate different volcanic products on top any
existing erupted material they may have generated at home.

2. Students can record their observations and identify any preexisting and newly formed
land features (cone, vent, dome, explosion, lava flow) on the Successive Volcanic
Eruptions: Record Sheet worksheet.

3. If time allows, students may follow the same procedures, using yet another eruption
mechanism. They record their observations and identify any preexisting and newly
formed land features (cone, vent, dome, explosion, lava flow) on the Successive
Volcanic Eruptions: Record Sheet worksheet.

D. Sketches, investigations, and class discussion

1. At the completion of all of the eruptions, students can draw a sketch illustrating and
labeling all deposits and features that formed, were altered, or destroyed by all of
their eruptions. Students can do this on the Successive Volcanic Eruption Sketch
worksheet. If a digital camera is available, photographs of each eruption can be used
for comparison purposes as well.

2. Make enough copies of each completed Successive Volcanic Eruption Sketch
worksheet so that every group receives a sketch from every other group.

3. Students can try to determine the sequence of eruptive processes that produced the
features illustrated in each group’s sketch (or photograph), and then write down the
eruptive order (using additional copies of the Successive Eruptions: Record Sheet
worksheet) they suspect lead to the outcome volcano and its features. You may also
do this as a class exercise and write their conclusions on the board. If available,
students may also want to look at each other’s post-eruptions models.

4. Students will then learn from the groups who generated each volcano model the order
of eruption processes and product generation and (or) destruction.
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E. Example
1. Students may select Aniakchak volcano, a large caldera on the Alaska Peninsula that
has several cinder cones, lava flows, and domes inside.
(http://www.avo.alaska.edu/volcanoes/volcinfo.php?volcname=Aniakchak). Also see
this example used in the Example Successive Volcanic Eruptions Record Sheet.
e For their homework assignment, students may generate the caldera using a
balloon and flour or sand model (one eruption) or paper mache.
e For their classroom eruption, students may inject jelly or warm wax into the
caldera using a plastic tube and pastry bag (a second eruption).
e Also in the classroom, students may follow up with a tube and air compressor or
pressurized air from a canister to generate an ash explosion leading to cone
formation elsewhere in their caldera (a third eruption).

Extensions

1. Some volcanoes in Alaska are thought to be connected through an underground
network of pipes, dikes, and (or) sills. One such connection is suspected in the
eruption and formation of the Novarupta dome and the collapse of Mt Katmai on the
Alaska Peninsula in 1912. Students can be challenged to construct two (or more)
connected volcanic vents and to observe the consequences when each vent erupts
separately or when a single vent erupts repeatedly.

2. Alaska Museum of Natural History, 2006, Volcano simulator: Alaska Museum of
Natural History website, accessed June 1, 2010, at
http://www.alaskamuseum.org/features/volcano/.

3. Camp, Vic, [n.d.], How volcanoes work—The eruption model—Dynamics of a
Plinian eruption: San Diego State University, animation, accessed June 1, 2010, at
http://www.geology.sdsu.edu/how_volcanoes_work/Eruption_model.html.

4. Driedger, C.L., Doherty, Anne, and Dixon, Cheryll, 2005, Living with a volcano in
your backyard—An educator's guide with emphasis on Mount Rainier: U.S.
Geological Survey General Interest Product 19; produced in cooperation with the
National Park Service. (Available at
http://vulcan.wr.usgs.gov/Outreach/Publications/GIP19/.)

e PlayDough Topo
http://vulcan.wr.usgs.qov/Outreach/Publications/GIP19/chapter_three play-
dough_topo.pdf.

e Lava Building Blocks
http://vulcan.wr.usgs.gov/Outreach/Publications/GIP19/chapter two lava blocks.
pdf.

e Riding the Magma Elevator
http://vulcan.wr.usgs.gov/Outreach/Publications/GIP19/chapter one _magma_elev
ator.pdf.

e Soda Bottle Volcano
http://vulcan.wr.usgs.gov/Outreach/Publications/GIP19/chapter one soda_bottle

volcano.pdf.
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Glossary

Caldera — A caldera is a large, usually circular depression at the summit of a volcano
formed when magma is withdrawn or erupted from a shallow underground magma
reservoir. The removal of large volumes of magma may result in loss of structural
support for the overlying rock, thereby leading to collapse of the ground, and formation
of a large depression. Calderas are different from craters, which are smaller, circular
depressions created primarily by explosive excavation of rock during eruptions.

Cinder cone — A steep, conical hill of volcanic fragments that accumulate around and
downwind from a vent. The rock fragments, often called cinders or scoria, are glassy and
contain numerous gas bubbles “frozen” into place as magma exploded into the air and
then cooled quickly. Cinder cones range in size from tens to hundreds of meters tall.

Flood or plateau basalt — Very liquid basaltic lava pours from long fissures and floods
the surrounding countryside with lava flows forming broad plateaus.

Intracaldera — Within a caldera.

Lava dome — A roughly circular mound-shaped protrusion resulting from the slow
eruption of felsic lava (usually rhyolite or dacite) from a volcano, or from multiple lava
episodes of different magma types.

Maar — A low-relief broad volcanic crater formed by shallow explosive eruptions. The
explosions are usually caused by the heating and boiling of groundwater when magma
invades the groundwater table. Often fill with water to form a lake.

Pyroclastic flow —A ground-hugging avalanche of hot ash, pumice, rock fragments, and
volcanic gas that rushes down the side of a volcano as fast as 100 km/hour (~60 mi/hour)
or more. The temperature within a pyroclastic flow may be greater than 500°C (900°F),
sufficient to burn and carbonize wood. Once deposited, the ash, pumice, and rock
fragments may deform (flatten) and weld together because of the intense heat and the
weight of the overlying material. The emplaced flow is called a deposit.

Resurgent dome — Volcanic domes are rounded, steep-sided mounds built by very

viscous magma, usually either dacite or rhyolite, if they are resurgent then they have
appeared again after a previous growth or eruption.
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Shield volcano — A volcano characterized by low angle slopes.

Stratovolcano — A type of volcano (also called a composite cone), characterized by slope
angles of as much as 35 degrees.

Sources of Glossary Definitions

Bates, R.K., and Jackson, J.A., eds., 1987, Glossary of Geology (3" ed.): Falls Church,
Va., American Geological Institute, 571 p.

U.S. Geological Survey, 2008, Cascades VVolcano Observatory—\Volcano Types : U.S.
Geological Survey web page. (Available at
http://vulcan.wr.usgs.gov/Glossary/VVolcanoTypes/volcano_types.html.

U.S. Geological Survey, 2010, Volcano Hazards Program—USGS photo glossary of
volcanic terms: U.S. Geological Survey website. (Available at
http://volcanoes.usgs.gov/images/pglossary/index.php.)
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Name Date Period
Successive Volcanic Eruptions: Record Sheet
Eruption Pre-eruption | Hypothesis Post-eruption Post-
Mechanism Features Features eruption
Observations
1.
2.
3.
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Name Date Period

Successive Volcanic Eruption Sketch

Map View

Cross Section View
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Example Successive Volcanic Eruptions: Record Sheet Key

For example, students may choose Aniakchak volcano, a large caldera on the Alaska
Peninsula that has several cinder cones, lava flows, and domes inside. Also, see this
example used in the Example Successive Volcanic Eruptions Record Sheet

For their homework assignment, students may generate the caldera using a balloon
and flour or sand model (one eruption) or paper mache.
For their classroom eruption, students may inject jelly or warm wax into the caldera
using a plastic tube and pastry bag (a second eruption).
Also in the classroom, students may follow up with a tube and air compressor or
pressurized air from a canister to generate an ash explosion leading to cone formation
elsewhere in their caldera (a third eruption).

Eruption Pre-eruption | Hypothesis Post-eruption Post-
Mechanism Features Features eruption
Observations
1.
stratovolcano | stratovolcano | generation of | caldera left behind a
or composite | or composite | a caldera spherical
cone collapse | cone ridge of
almost
uniform
height
defining the
caldera walls
2.
eruption of caldera dome caldera and caldera rim
viscous lava generation dome stayed the
through the same, dome
caldera floor feature
dominates
caldera floor.
May have
some lava
flows or
spreading of
the dome.
3.
high pressure | caldera and dome and caldera, dome dome and (or)
explosion dome (or) rim of and vent or cone | rim of caldera
caldera could could break
break apart, apart, vent or
vent or cone cone could
could form form on
on caldera caldera floor
floor
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Activity 1l. Compare and Contrast: Alaska Style
Grade Level 6—-11
Setting Classroom

Time 50—90 minutes (may best be done as a homework assignment with class
discussion)

Correlations to Alaska State Department of Education (2006) Performance

Standards (Grade Level Expectations)

D1—Concepts of Earth Science

SD[6-11] Students develop an understanding of the concepts, processes, theories,
models, evidence, and systems of earth and space sciences.

SD2[6-11] Students develop an understanding of the origins, ongoing processes, and
forces that shape the structure, composition, and physical history of the Earth

Vocabulary (see Glossary)
tectonic setting, vent, viscosity, Volcanic Eruption Index (VEI)

Overview

Students can select two volcanic eruptions, and compare and contrast their occurrences.
Students may select two eruptions at the same volcano in Alaska, or eruptions from one
volcano in Alaska and another one elsewhere.

Background

Alaska is home to so many volcanoes that just about every eruption type is represented
there. With so many Alaskan volcanoes to choose from, each student can research one
that is unique. Several resources are available that describe many of the more popular
Alaskan volcanoes and volcanic eruptions. Students may also choose to compare and
Alaskan eruption with one outside of Alaska.

Objectives

By comparing and contrasting two volcanic eruptions, at least one of which took place in
Alaska, students will gain an appreciation for the variances in eruption types, products,
and hazards throughout the state and elsewhere. Student presentations on their research
may be best suited for a poster, paper, oral presentation, or Compare and Contrast
Volcanic Eruptions worksheet.

Materials

Students will need on-line access, and time to also use library and (or) textbook
resources. Presentation materials will be dependent on the presentation type and can be
limited to materials available on hand. The Compare and Contrast Volcanic Eruptions
worksheet provided may act in place or to aid in the organization of a presentation.
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Procedure
A. Research and Present

1. Students can select two volcanoes, or two volcanic eruptions from a single volcano in
Alaska, to compare and contrast in a poster, paper, oral presentation and (or) by
completing the Compare and Contrast Volcanic Eruptions worksheet.

2. There are many obscure volcanoes and eruptions in Alaska with few resources
available to complete this activity. Students can select from a list specific volcanoes
and volcanic eruptions based on the amount of available materials for research. One
suggested list includes:

e Akutan

e Aniakchak

e Augustine

e Bogoslof

e Cleveland

e Katmai:1912

e Novarupta:1912

e Okmok: 1997

e Pavlof

e Redoubt: 1989-1990, 2009
e Shishaldin

e Spurr: 1992 (Crater Peak), 1953
e Trident

Extensions

1. Asaclass, students can make a key of different kinds of volcanic features found
through their research. Students can develop an identifying mark for each feature and
draw them on a map of Alaska at the volcanoes where each feature is found.
Depending on the volcanoes studied, students may see a large cluster of calderas on
the Alaska Peninsula, stratovolcanoes (or composite cones) in the Cook Inlet region
and Aleutians, and the large shield volcano, Wrangell, in the southeastern area of the
state. Students could conduct further investigations to find out if their observations
have relevance to tectonic regions, local faults or other structures, or if there is not a
systematic occurrence of volcano features throughout the state.

2. Students may incorporate or focus on the use of the VEI in their comparisons. Some

resources for this comparison are:
e Smithsonian Institution, [n.d.], Global volcanism program: Smithsonian
Institution web pages, accessed June 1, 2010, at
= Large Holocene Eruptions
http://www.volcano.si.edu/world/largeeruptions.cfm and
= Volcanic Explosivity Index (VEI)
http://www.volcano.si.edu/world/eruptioncriteria.cim#VEI
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e U.S. Geological Survey, 2009, Volcano Hazards Program—\VHP photo
glossary—VEI: U.S. Geological Survey website. (Available at
http://volcanoes.usgs.gov/images/pglossary/vei.php.)

References Cited

Alaska State Department of Education and Early Development, 2006, Standards and
grade level expectations, March 2006: State of Alaska website, accessed October 2009
at http://www.eed.state.ak.us/tls/assessment/GLEHome.html.

Oregon State University, [n.d.], VolcanoWorld—Kinds of volcano eruptions: Oregon
State University website, accessed June 1, 2010, at
http://volcano.oregonstate.edu/education/vwlessons/kinds/kinds.html.

Glossary

Tectonic setting — The way in which plates move at their margins defines the tectonic
setting or type of dynamic movement of tectonic plates, for a given region. Examples
include divergence, convergence, and transform.

Vent — Vents are openings in the Earth's crust from which molten rock and volcanic
gases escape onto the ground or into the atmosphere. Vents may consist of a single
circular-shaped structure, a large elongate fissure and fracture, or a tiny ground crack.
The release of volcanic gases and the eruption of molten rock will result in an assortment
of constructional features ranging from enormous shield volcanoes and calderas to
fumaroles and small rootless hornitos.

Viscosity — The property of a substance to offer internal resistance to flow; specifically
the ratio of the shear stress to the rate of shear strain, which is known as the coefficient of
friction.

Volcano Explosivity Index (VEI) - Proposed in 1982 as a way to describe the relative
size or magnitude of explosive volcanic eruptions. It is a 0-to-8 index of increasing
explosivity. Each increase in number represents an increase around a factor of ten. The
VEI uses several factors to assign a number, including volume of erupted pyroclastic
material (for example, ash fall, pyroclastic flows, and other ejecta), height of eruption
column, duration in hours, and qualitative descriptive terms.

Sources of Glossary Definitions

Bates, R.K., and Jackson, J.A., eds., 1987, Glossary of Geology (3" ed.): Falls Church,
Va., American Geological Institute, 571 p.

U.S. Geological Survey, 2010, Volcano Hazards Program—USGS photo glossary of
volcanic terms: U.S. Geological Survey website. (Available at
http://volcanoes.usgs.gov/images/pglossary/index.php
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Name

Compare and Contrast VVolcanic Eruptions

Fill in two different volcanic eruptions (they may be from the same volcano) and
compare and contrast the various volcanic features. You may add more features in the
space available in the table on the second page.

Feature

Volcanic Eruption |
name, location
& eruption date:

Volcanic Eruption Il
name, location
& eruption date:

Vent type

Volcanic
features

Eruption
length

Placement of
vent

Hazards

Destruction

Rock type

Gas type(s)

Earthquake
size and
frequency,
measured

Volume of
material
erupted
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Feature

Volcanic Eruption |
name, location
& eruption date:

Volcanic Eruption Il
name, location
& eruption date:

Lava
viscosity, if
applicable

Often visited
by scientists,
tourists

Tectonic
setting

7




Activity I11. Volcanic Explosivity Index, Alaska
Grade Level 6—-11

Setting Classroom

Time 50 minutes

Correlations to Alaska State Department of Education (2006) Performance

Standards (Grade Level Expectations)

D1—Concepts of Earth Science

SD[6-11] Students develop an understanding of the concepts, processes, theories,
models, evidence, and systems of earth and space sciences.

SD2[6-11] Students develop an understanding of the origins, ongoing processes, and
forces that shape the structure, composition, and physical history of the Earth

Overview

According to the VVolcano Hazards Program USGS photo glossary of volcanic terms, in
1982, volcanologists proposed a scale from which to assign values associated to the
“size” of a volcano eruption. This logarithmic scale is called the Volcanic Explosivity
Index, or VEI, and has been applied to known volcanic eruptions worldwide. After
students are introduced to this scale, they will apply it to a significant, recent volcanic
eruption in Alaska—the June 6—9, 1912, eruption of Novaraupta volcano, the associated
collapse event, which formed the Katmai caldera and the Valley of Ten Thousand
Smokes in what is now Katmai National Park on the Alaska Peninsula.

Background
e Alaska Volcano Observatory, [n.d.], Statistics, description and links to images, maps,
bibliography, reported activity, and webicorders and webcams where available:
Alaska Volcano Observatory web pages available at:
= Novarupta description and statistics
http://www.avo.alaska.edu/volcanoes/volcinfo.php?volcname=Novarupta
= Katmai description and statistics
http://www.avo.alaska.edu/volcanoes/volcinfo.php?volcname=Katmai
Regional map and volcano list
0 Alaska Peninsula
http://www.avo.alaska.edu/volcanoes/alaska_peninsula.php
e U.S. Geological Survey
= Fierstein, Judy, and Hildreth, Wes, 2001, Preliminary volcano-hazard assessment
for the Katmai volcanic cluster, Alaska: U.S. Geological Survey Open-File Report
00-0489, 50 p., 1 plate. (Also available at http://geopubs.wr.usgs.gov/open-
file/0f00-489/0f00-489.pdf.)
= Fierstein, Judy, Hildreth, Wes, Hendley, J.W., Il, and Stauffer, P.H., 1998, Can
another great volcanic eruption happen in Alaska?: U.S. Geological Survey Fact
Sheet 0075-98, 2 p. (Also available at http://pubs.usgs.gov/fs/fs075-98/ and
http://pubs.usgs.qov/fs/fs075-98/fs075-98.pdf.)
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Objectives

Students will understand the Volcano Explosivity Index (VEI) scale used to determine
the relative size of volcanic eruptions worldwide. By applying this scale to a significant
volcanic eruption in Alaska students will be introduced to the largest volcanic eruption in
the world in the Twentieth century and the significance Alaska’s volcanism plays in
global tectonics, economy, and hazards.

Materials
— Eruption Data: Novarupta 1912 worksheet
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Procedure

l.
1.

Class brainstorming exercise and introduction to VEI

Ask students to brainstorm about the various ways one could measure the “size” of a
volcanic eruption. Record student answers. You may contribute key measurement
techniques if students do not generate these answers. A robust list will include:
Magma volume

Tephra volume

Amount of energy released

Plume height

Temperature of deposits

Area covered by deposits

“Reach” of deposits — as far as they got

Amount of time materials was airborne

Type of eruption

Composition (rock type) of deposits

Length, in time, of eruption

Size and or number of associated earthquakes

Number of people displaced, effected, harmed or killed

Introduce students to the VVolcano Explosivity Index (VEI).

Several resources/examples are available to cover this materials:

e Lowenstern, J.B., and others, 2005, Steam explosions, earthquakes, and volcanic
eruptions—What's in Yellowstone's future?: U.S. Geological Survey Fact Sheet
2005-3024, 6 p. (Also available at http://pubs.usgs.gov/fs/2005/3024/ and
http://pubs.usgs.gov/fs/2005/3024/fs2005-3024.pdf.)

e Mattox, S.R., 1994, A teachers' guide to the geology of Hawaii VVolcanoes
National Park: Hawaii Natural History Association, 391 p.

e Activity 9.5: The Volcanic Explosivity Index (Grades 9-12) p. 159; 162.

e Newhall, C.G., and Self, Stephen, 1982, The Volcanic Explosivity Index (VEI)—
An estimate of explosive magnitude for historical volcanism: Journal of
Geophysical Research, v. 87, no. C2, p. 1231-1238. (Also available at
http://www.agu.org/journals/jc/v087/iC02/JC087iC02p01231/JC087iC02p01231.
pdf.)

e Oregon State University, [n.d.], How BIG are volcanic eruptions?: Oregon State
University web page, accessed June 1, 2010, at
http://volcano.oregonstate.edu/education/eruption_scale.html.

e Smithsonian Institution, [n.d.], Global volcanism program—VEI (Volcanic
Explosivity Index): Smithsonian Institution web page, accessed June 1, 2010, at
http://www.volcano.si.edu/world/eruptioncriteria.cfim#VEI.

e U.S. Geological Survey, 2009, Volcano Hazards Program, VHP photo glossary—
VEI : U.S. Geological Survey web page. (Available at
http://volcanoes.usgs.gov/images/pglossary/vei.php.)
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3.

If needed, explain the principle of the logarithmic scale (as opposed to a linear scale).
A logarithmic scale is a unit of measurement in which an increase or decrease of one
unit represents a ten-fold change in the quantity measured. Several resources focus on
earthquakes that can be used to illustrate a logarithmic scale.

e Braile, L.W., 2002 [2006], The AS-1 Seismograph—Magnitude determination:
Explorations in Earth Science web page, accessed June 1, 2010, at
http://web.ics.purdue.edu/~braile/edumod/aslmag/aslmag3.htm.

e Southern California Earthquake Center (SCEC), [n.d.], Investigating earthquakes
through regional seismicity, sec. 3, Rating the size of earthquakes: Southern
California Earthquake Center website, accessed June 1, 2010, at
http://www.data.scec.org/Module/sec3pgl6.html.

e U.S. Geological Survey, 2004, The severity of an earthquake: U.S. Geological
Survey General Interest Publication. (Available at
http://pubs.usgs.gov/gip/earthg4/severitygip.html.)

e Wald, Lisa, and Shindle, Wendy, 2001 [2004], Magnitude vs intensity—4-12:
U.S. Geological Survey Earthquake Hazards Program web page. (Available at
http://earthquake.usgs.gov/learning/teachers/Mag_vs_Int_Pkg.pdf.)

Ask students to identify very large volcanic eruptions—start worldwide. Students will
likely come up with Vesuvius and additional volcanoes featured in documentaries
they have seen. Some may come up with recent eruptions of Alaskan volcanoes such
as Redoubt, Spurr, and Augustine. Tell your students that they will learn about the
largest volcanic eruption of the 20th century—and that it occurred in Alaska. Ask if
any students can name this volcano and the year of this eruption. Although students
may name the volcano as Katmai, let students know that the largest volcanic eruption
of the 20th century was the 1912 eruption of Novarupta on the Alaska Peninsula.

Students will work individually or in small groups to learn about the 1912 eruption of
Novarupta. Using the resources listed in the Background section in Chapter 3 and
other resources, students will complete a data table (Eruption Data: Novarupta 1912
worksheet provided). Using this data, students will assign a VEI to this eruption.

Extensions

1.

2.

Students can investigate how the Novarupta eruption affected Alaska and parts of
western Canada and the lower-48 states in 1912 and for several subsequent years.

Students can make circle diagrams that illustrate the relative sizes of each VEI levels.

Students could also collect, label and discuss containers that show the relative sizes of
different eruptions (pill jar or pickle jar or soda bottle or bucket, and so on)
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3. Driedger, C.L., Doherty, Anne, and Dixon, Cheryll, 2005, Living with a volcano in
your backyard—An educator’s guide with emphasis on Mount Rainier: U.S.
Geological Survey General Interest Product 19; produced in cooperation with the
National Park service. (Available at
http://vulcan.wr.usgs.gov/Outreach/Publications/GIP19/.)

e Chapter 2: Tephra popcorn
http://vulcan.wr.usgs.gov/Outreach/Publications/GIP19/chapter_two_tephra_popc

orn.pdf.

4. NOVA Online, 2000, Deadly shadow of Vesuvius—\Volcanic Explosivity Index
(VEI) and activity http://www.pbs.org/wgbh/nova/vesuvius/deadliest3.html.

5. U.S. Geological Survey, 2008, Predict an eruption: U.S. Geological Survey web-
based program. (Available at http://volcanoes.usgs.gov/edu/predict/.)

6. University Corporation for Atmospheric Research, 2005, Windows to the Universe—
Student Worksheet—Lesson: Reading graphs with a logarithmic scale: University
Corporation for Atmospheric Research website, accessed June 1, 2010, at
http://www.windows.ucar.edu/tour/link=/teacher_resources/graphs/worksheet logarit
hmic_scale.html.

7. Explore different types of natural disaster scales: Modified Mercalli Scale: DLESE
Teaching Boxes Living in Earthquake Country (6-12) Lesson 5: A Whole Lot of
Shakin’ Goin’ On! Activity 2—Determining the Intensity
http://www.teachingboxes.org/earthquakes/lessons/lesson5_activity?2.jsp.
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Name Date Period

Eruption Data: Novarupta 1912

Feature Value

Plume height

Ash fall
(where and how much)

Length of eruption
(duration in time)

Geomorphic observations
(cones, domes, flows...)

Earthquakes
(size, frequency,
number...)

Airborne ash
(volumes, coverage,
distance traveled...)

Total volume
(of features, total...)

Phenomena reported
(human and animal
behaviors...)

Volcanic deposit
temperatures

VEI
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Eruption Data: Novarupta 1912 Key

Feature Value
Plume height 100,000 ft
1,000 km east and 100 km west in 24 hours after onset
Ash fall .
of eruption
Length of eruption (time) | ~60 hours

Geomorphic observations

11 hours after onset, a 2.5 km-wide caldera formed from
summit collapse due to the absence of roughly 5 km® of
magma had erupted thus far

Earthquakes

The caldera formation generated 14 earthquakes of
magnitudes 6 and 7, and up to 100 greater than
magnitude 5, some felt as far as 200 miles away

Airborne ash

Traveled ~ 4,000 miles southeast reaching Virginia 4
days after onset and more than 25,000 miles southeast
reaching Algeria 11 days after onset

Total volume of new
magma erupted

13 km® total : 17 km® of fall deposit and 11 km® of ash-
flow tuff (ignimbrite)

Phenomena reported

lightening, areas within 200 mi including Kodiak and
Afognak Islands, were engulfed in dark, opaque ash fall,
explosions were heard as far as 600 mi away in Juneau,
the average temperature of the Northern hemisphere was
lowered by ~ 1°C (2°F) for more than 1 year

Volcanic deposit
temperatures

The ash flow deposit temperatures were 800 — 1,000°C
(1,400 — 2,000°F)

VEI 6
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Chapter 4
Alaska's VVolcanic Landforms and Features

Resources

Alaska Volcano Observatory website. (Available at http://www.avo.alaska.edu.)

Brantley, S.R., 1999, Volcanoes of the United States: U.S. Geological Survey

General Interest Publication. (Available at

http://pubs.usgs.gov/gip/volcus/index.html.)

Miller, T.P., McGimsey, R.G., Richter, D.H., Riehle, J.R., Nye, C.J., Yount, M.E.,

and Dumoulin, J.A., 1998, Catalog of the historically active volcanoes of Alaska:

U.S. Geological Survey Open-File Report 98-0582, 104 p. (Also available at

http://www.avo.alaska.edu/downloads/classresults.php?citid=645.)

Nye, C.J., and others, 1998, Volcanoes of Alaska: Alaska Division of Geological and

Geophysical Surveys Information Circular IC 0038, accessed June 1, 2010, at

= PDF Front (6.4 MB)
http://www.dggs.dnr.state.ak.us/webpubs/dggs/ic/oversized/ic038 _sh001.PDF
and

= PDF Back (6.6 MB)
http://www.dggs.dnr.state.ak.us/webpubs/dggs/ic/oversized/ic038_sh002.PDF.

Smithsonian Institution, [n.d.], Global volcanism program—Augustine: Smithsonian

Institution web page, accessed June 1, 2010, at

http://www.volcano.si.edu/world/volcano.cfm?vnum=1103-01-

&volpage=photos&phoyo=026071.

Tilling, R.1., 1997, Volcanoes—On-line edition: U.S. Geological Survey General

Interest Product. (Available at http://pubs.usgs.gov/gip/volc/.)

U.S. Geological Survey, 1997 [2007], Volcanoes teacher’s guide: U.S. Geological

Survey website. (Available at http://erg.usgs.gov/isb/pubs/teachers-

packets/volcanoes/.

U.S. Geological Survey, 2010, Volcano Hazards Program—USGS photo glossary of

volcanic terms: U.S. Geological Survey website. (Available at

http://volcanoes.usgs.gov/images/pglossary/index.php.)

Activities

Through research, mapping projects, and classroom discussion these activities will
provide students with an understanding of the various landforms associated with
volcanoes in Alaska, the development and use of topographic profiles, and pertinent
information including the names, locations, and types of most of the historically active
volcanoes in the state. These activities build on the student’s knowledge of igneous rock
types, volcano types, and the subduction zone tectonics driving Alaska’s volcanism.

Activity 1. Volcanic Landforms and Features Information Search
Activity 1. Topographic Profiles of Alaskan VVolcanoes
Activity I11. Alaska Volcanic Arc of Fame
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Activity 1. Volcanic Landforms and Features Information Search
Grade Level 6—-11

Setting Classroom

Time 45—90 minutes

Vocabulary (see Glossary)

andesite, basalt, caldera, cinder cone, cross section, debris-avalanche, fault zone, flood
basalt, geyser, hummock, ignimbrite, intracaldera, lava dome, maar, map view,
morphology, phreatic, phreatomagmatic, profile, pyroclastic flow, pyroclastic flow
deposit, resurgent dome, rhyolite, shield volcano, stratovolcano or composite cone,
truncated, tuya, viscosity, voluminous

Correlations to Alaska State Department of Education (2006) Performance

Standards (Grade Level Expectations)

D1—Concepts of Earth Science

SD[6-11]  Students develop an understanding of the concepts, processes, theories,
models, evidence, and systems of earth and space sciences.

SD2[6-11] Students develop an understanding of the origins, ongoing processes, and
forces that shape the structure, composition, and physical history of the
Earth.

SD2.3[6]  The student demonstrates an understanding of the forces that shape Earth by
describing how the surface can change rapidly as a result of geological
activities (i.e., earthquakes, tsunamis, volcanoes, floods, landslides,
avalanches).

Overview

These activities will provide students with an understanding of the various landforms
associated with volcanoes in Alaska using photographic examples, worksheets, and
student derived presentations, papers, and (or) posters.

Background

Alaskan volcanism produces several types of volcanoes and eruption products (discussed
as landforms and features). This wide and varied volcanic history can lead to
misconceptions about the shapes, features, and landforms of Alaska’s volcanoes and the
hazards they may pose. Students have already learned about the many types of volcanoes
in Alaska, and that the same volcano can produce vastly different products. In this section
students will be introduced to volcanic features not necessarily associated with an
eruption, such as hot springs and fumaroles, and will learn about formations associated
with long past volcanic activity, such as the Togiak Tuya—a basaltic lava flow that
occurred underneath a glacier.
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Objectives
Students will be able to identify the most common types of volcanic landforms and
features found in Alaska.

Materials

— drawing paper

— colored pens, pencils, crayons, and (or) thin markers

— Alaska's Volcanic Landforms and Features handout and (or) worksheet and (or)

presentation

— Volcanic Landforms and Features worksheet

Procedure
A. Classroom introduction

1.

Ask students to draw a volcano on paper and label as many parts as possible. You can
ask your students to draw a volcano from the side (cross section, also known as
profile view) and (or) from a bird’s-eye or map view (view from above). Be careful
not to lead the students in any other way; they can decide on their own how to orient
the paper, what shapes, colors to use, and so on. This way, you will be able to identify
students’ knowledge of volcanoes.

After completion, discuss the drawings with your students. One good way to do this is
to collect the drawings and display or pass out several of them for the class to
observe. Below are a few example questions that may be used to instigate discussion.
You can gear your discussion to reflect students’ comments and preconceptions about
the volcanoes.

What do most of these drawings have in common?

What differences do you notice between these drawings?

Do all real volcanoes have to have the same appearance? Explain your answer.
What characteristics make a volcano “look like a volcano™?

Review the main types of volcanoes and eruption types with your class. Note Activity
I in Chapter 3 of this activity guidebook covers this material and activities in Chapter
5 discuss the potential hazards of some of these landforms and features.

B. Alaska’s volcanoes in photos

1.

Included as a handout (with and without captions) and as a digital presentation (also,
with and without captions) is a collection of photographs of Alaskan landforms and
features.

e You may distribute the uncaptioned handouts or show the uncaptioned
photographs to the class and allow students the chance to name the feature,
landform, and volcano in each of the photographs. The handouts have space
provided for students to write in their answers.

Or

e You can distribute the captioned handouts or review the captioned photographic
presentation and introduce students to the feature, landform, and volcano in each
of the photographs.
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In either case,

e Discuss with your class the most likely processes that formed each volcano and
review the types of volcanoes and their Alaskan examples with your students.

2. Tell the students to draw another volcano and label as many parts as possible. Have
the students compare this new drawing to their original one and to note what they
have learned.

C. Volcanic Landforms and Features worksheet

1. Hand out the Volcanic Landforms and Features worksheet and have students answer
the questions based on information they find on the internet or through resources
available in the library and (or) the classroom. Several websites are available to lead
students to answers for these questions. Two suggestions are:

e Nelson, Prof. S.A., 2008, EENS 204—Volcanic landforms, volcanoes, and plate
tectonics: Tulane University website, accessed June 1, 2010, at
http://www.tulane.edu/~sanelson/geol204/volclandforms.htm.

e U.S. Geological Survey, 2010, Volcano Hazards Program—USGS photo glossary
of volcanic terms website. (Available at
http://volcanoes.usgs.gov/images/palossary/index.php.)

2. Discuss the answers with your students and ask them which volcanic landforms and
features are likely to be found in Alaska, and why or why not. Dozens of volcanoes
are in Alaska and every volcanic eruption type can be found if one looks hard enough.
Generally, subduction, the dominant tectonic process, generates most of the volcanic
activity in Alaska.

Extensions
1. Show a wafer, chocolate chip, chocolate kiss, and chocolate drop (or similar shaped
food items) and ask students which food represents which type of volcano and why
(from Lillie, R.J., 2005, p. 39).
Note Photographs for this extension are included in the accompanying digital
presentation, Alaska’s Volcanic Types—Food for Thought.
e Wafer — the broad flat shape of a shield volcano is like that of a wafer
e Chocolate kiss — a steep pointed stratovolcano is like a chocolate kiss. A white
and dark chocolate swirl can illustrate lava flows along the flanks or varying lava
types.
e Chocolate chip — like a cinder cone, a chocolate chip is dark and steep sided but
much smaller than a shield or composite stratovolcano.
e Chocolate drop — is similar in shape to a lava dome with a rounded top.
e |ce cream cone — is similar in shape to a caldera with a flat bottom and steep sides
walls

2. Have the students write an essay explaining what they now know about volcanoes
and their landforms and features. Give students key words to use in their essays.
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3. Students research a specific volcano and make a chart with its associated landforms
and features. Students can contrast and compare how many volcanoes have the
various types of landforms or volcanic features (cones, domes, and so on) and why.

4. Have students create their own presentation, poster, or paper focused on various
volcanic landforms and features.
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Glossary
Andesite — A gray to black volcanic rock with between about 52 and 63 weight percent
silica (SiOy).

Basalt — A hard black volcanic rock with less than about 52 weight percent silica (SiO5).

Caldera — A caldera is a large, usually circular depression at the summit of a volcano
formed when magma is withdrawn or erupted from a shallow underground magma
reservoir. The removal of large volumes of magma may result in loss of structural
support for the overlying rock, thereby leading to collapse of the ground and formation of
a large depression. Calderas are different from craters, which are smaller, circular
depressions created primarily by explosive excavation of rock during eruptions.

Cinder cone — A steep, conical hill of volcanic fragments that accumulate around and
downwind from a vent.

Cross section — A diagram or drawing that shows features transected by a given plane,
typically a vertical section drawn at right angles to the longer axis of a geologic feature.

Fault zone — Region of fractures in the Earth's crust along which one side moves with
respect to the other.

Flood basalt — The result of a giant volcanic eruption or series of eruptions that coats
large stretches of land or the ocean floor with basalt lava.

Geyser — Hot springs that episodically erupt fountains of scalding water and steam.
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Hummock — Rounded or conical mounds within a volcanic landslide or debris avalanche
deposit; debris-avalanche -debris avalanches are moving masses of rock, soil, and snow
that occur when the flank of a mountain or volcano collapses and slides down slope.

Ignimbrite — The rock formed by the widespread deposition and consolidation of
volcanic ash flows.

Intracaldera — Within a caldera.

Lava dome — A roughly circular mound-shaped protrusion resulting from the slow
eruption of felsic lava (usually rhyolite or dacite) from a volcano, or from multiple lava
episodes of different magma types.

Maar — A low-relief, broad volcanic crater formed by shallow explosive eruptions. The
explosions are usually caused by the heating and boiling of groundwater when magma
invades the groundwater table. A maar will often fill with water to form a lake.

Map view — View of an area from overhead.

Morphology — The study of the shape of the Earth’s surface and the external structure,
form, and arrangement of rock in relation to the development of landforms.

Phreatic — A volcanic explosion of steam, mud, or other material that is not
incandescent; the explosion is caused by the heating and consequent expansion of
groundwater due to an underlying igneous heat source.

Phreatomagmatic — A volcanic explosion that extrudes steam and magmatic gases; the
explosion is caused by the contact of magma with shallow or surface water.

Profile — The outline produced where the plane of a vertical section intersects the surface
of the ground

Pyroclastic flow — A ground-hugging avalanche of hot ash, pumice, rock fragments, and
volcanic gas that rushes down the side of a volcano as fast as 100 km/hour (~60 mi/hour)
or more. The temperature within a pyroclastic flow may be greater than 500°C (900°F),
sufficient to burn and carbonize wood. Once deposited, the ash, pumice, and rock
fragments may deform (flatten) and weld together because of the intense heat and the
weight of the overlying material. The emplaced flow is called a pyroclastic flow deposit.

Resurgent dome — Volcanic domes are rounded, steep-sided mounds built by very
viscous magma, usually either dacite or rhyolite. If domes are resurgent then they have
appeared again after a previous growth or eruption.

Rhyolite — A light-colored rock with silica (SiO,) content greater than about 68 weight
percent. Sodium and potassium oxides can reach about 5 weight percent.
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Shield volcano — A volcano characterized by low angle slopes.

Stratovolcano — A type of volcano (also called a composite cone), characterized by slope
angles of as much as 35 degrees.

Truncated — Stopped, prevented, or chopped off.

Tuya — A flat-topped and steep-sided volcano that has erupted into a lake thawed in a
glacier by the volcano’s heat.

Viscosity — The property of a substance to offer internal resistance to flow; specifically
the ratio of the shear stress to the rate of shear strain known as the coefficient of friction.

Voluminous — Great in volume.

Source of Glossary Definitions

Bates, R.K., and Jackson, J.A., eds., 1987, Glossary of Geology (3" ed.): Falls Church,
Va., American Geological Institute, 571 p.

U.S. Geological Survey, 2008, Cascades VVolcano Observatory—\Volcano Types : U.S.
Geological Survey web page. (Available at
http://vulcan.wr.usgs.gov/Glossary/VolcanoTypes/volcano_types.html.

U.S. Geological Survey, 2010, Volcano Hazards Program—USGS photo glossary of
volcanic terms: U.S. Geological Survey website. (Available at
http://volcanoes.usgs.gov/images/palossary/index.php.)
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Alaska's Volcanic Landforms and Features Handout

1. Mount Wrangell, a 4,317-m (14,163-ft) high andesite shield volcano on the right
skyline, is the only volcano in the Wrangell Mountains with documented historical
activity consisting of several minor, possibly phreatic eruptions in the early 1900s.
Andesite is a gray to black volcanic rock with between about 52 and 63 weight
percent silica (SiO,). The shield shape is rare for an andesitic volcano and is due to a
high volume of lava erupting from the volcano over a short amount of time. View is
to the northeast. Photograph taken by B. Cella, National Park Service, 1987.

2. Vent Mountain in the foreground is a cinder cone inside Aniakchak Caldera. The
caldera wall is in the background. Aniakchak Volcano is on the Alaska Peninsula.
Photograph taken by R.G. McGimsey, U.S. Geological Survey, June 28, 1997.
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3. Augustine Volcano in the Cook Inlet is a stratovolcano (or composite cone). This
photograph was taken looking northwest; volcanic ash covers the upper flanks of the
summit. White steam is being emitted. Photograph was taken by J. Adleman, U.S.
Geological Survey, February 24, 2006.

(A) (B)

4. (A) Aerial view of a phreatomagmatic eruption of the East Maar of Ukinrek Maars.
The Ukinrek Maars are on the south shore of Becharof Lake on the Alaska Peninsula;
the maar craters formed during a 10-day eruption in March and April 1977.
Photograph was taken by Juergen Kienle, University of Alaska Geophysical Institute,
April 6, 1977.

(B) Near-vertical view of the east Ukinrek Maar crater, 300 m (980 ft) across.
Photograph was taken by D. Dewhurst, U.S. Fish and Wildlife Service, July 8, 1990.
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(A) (B)

5. (A) Aerial view of 80-m (260-ft) high Novarupta, a blocky rhyolite (high silica) lava
dome that marks the vent for the 1912 eruption that created the Valley of Ten
Thousand Smokes in Katmai National Park and Preserve, Alaska. This eruption was
the most voluminous on Earth in the 20th century, ejecting nearly 30 km?* (7 mi®) of
material in 60 hours. Falling Mountain, a lava dome truncated by the 1912 eruption,
is visible behind the Novarupta dome; snow-capped stratovolcano Mount Mageik can
be seen at top of the photograph. Rhyolite is a light-colored rock with silica (SiO,)
content greater than about 68 weight percent. Photograph taken by T. Miller, U.S.
Geological Survey, June 1979.

(B) Summit dome on Augustine VVolcano, Cook Inlet, Alaska. Photograph taken by
J. Adleman, U.S. Geological Survey, May 12, 2006.
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6. Aerial view, looking east, of Aniakchak caldera. Formed during a catastrophic ash-
flow producing eruption about 3,400 years ago, Aniakchak caldera is about 10 km (6 mi)
across and averages 500 m (1,640 ft) in depth. Voluminous post-caldera eruptive activity
has produced a wide variety of volcanic landforms and deposits within the caldera. The
opening in the caldera is called the Gates and one of the largest floods on Earth in the
past 10,000 years occurred when a proto-Surprise lake catastrophically emptied through
this low point in the caldera rim. The volcano is located in Aniakchak National Park and
Preserve on the Alaska Peninsula. Photograph taken by M. Williams, National Park
Service, 1977.

7. Large-pool thermal hot springs area southwest of Korovin VVolcano and west-
northwest of Kluichef VVolcano on Atka Island in the Aleutians. Photograph taken by
R.G. McGimsey, U.S. Geological Survey, July 14, 2004.

99



8. Fumarolic activity at the summit of Fourpeaked Volcano in Kamtai National Park and
Preserve on the Alaska Peninsula. Photograph taken by J. Adleman, U.S. Geological
Survey, November 4, 2006.

9. View of 1997 basaltic andesite lava flow inside Okmok caldera, a 9.3-km (5.8-mi)
diameter circular crater that truncates the top of a large shield volcano on the northeastern
part of Umnak Island in the eastern Aleutian Islands. The most recent caldera-forming
eruption at Okmok occurred about 2,400 years ago. Since then, numerous intracaldera
eruptions have occurred, including the eruption that extruded these blocky lava flows
onto the caldera floor. Basaltic andesite is a hard, dark volcanic rock with approximately
52 weight percent silica (SiO;). Photograph taken by C. Nye, Alaska Division of
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Geological and Geophysical Surveys, September 1980.

10.

11.

(A) (B)

(A) Pyroclastic flow (deposits of volcanic ash, gas, and pumice flows) deposits on the
southwestern flank of Augustine VVolcano, Cook Inlet, Alaska. Photograph taken by
M. Coombs, U.S. Geological Survey, August 14, 2006.

(B) View southeast looking up the Valley of Ten Thousand Smokes from the
Overlook Cabin in Katmai National Park and Preserve, Alaska. The valley has been
filled with as much as 200 m (660 ft) of pyroclastic flow deposits (ignimbrite) from
the 1912 eruption of Novarupta volcano. The rim of the Katmai Caldera is on the
skyline at left. Photograph taken by R.G. McGimsey, U.S. Geological Survey, June 8,
1991.

(A) (B)

(A) Collapse of the summit and flank of a volcano can produce massive volcanic
landslides. The resulting highly mobile debris avalanches rapidly sweep down the
volcano and far beyond its flanks. These small hills in the foreground of Alaska's
Augustine volcano show morphology common to debris-avalanche deposits. The
hummaocks consist of relatively intact segments of the volcanic edifice that were
transported long distances without disaggregating (separating, crumbling). This debris
avalanche traveled roughly 11 km (~6.8 mi) from the summit about 450 years ago.
Photograph and caption courtesy of Smithsonian Institution, dated 1987.

(B) Debris avalanche deposits from the 1883 eruption of Augustine VVolcano entered
Cook Inlet along the north shoreline of the island forming hummocky topography.
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Photograph by U.S. Geological Survey, April 27, 1986.

12. Togiak Tuya in the Ahklun Mountains. The Ahklun Mountains form the highest
range in Alaska west of the Alaska Range and north of the Alaska Peninsula. A tuya
is a table mountain that forms when a volcano erupts underneath a glacier.
Photograph taken by Darrell S. Kaufman, Professor of Geology and Environmental

Science, Department of Geology, Northern Arizona University, Flagstaff, Arizona,
dated 2004.
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(A) (B)

13. (A) “Old Faithful” (spring G8) of Geyser Bight geothermal area on Umnak Island,
Alaska (shown here at maximum activity). An eruption cycle of 12 minutes was noted
when venting of steam was observed (1870, 1948, 1980, and 1988). This activity
likely continues when people are not able to see it. This area contains one of the
hottest and most extensive areas of geothermal activity in Alaska. This is the only
area in Alaska where sustained geyser activity has been documented: geothermal
activity was observed at five springs during 1988 (Motkya and others, 1994).
Photograph taken by Shirley Liss, Alaska Department of Natural Resources, Division
of Geological and Geophysical Surveys, 1988.

(B) Geyser Bight geothermal resource area. Photograph taken by Dave Szumigala,

Alaska Department of Natural Resources, Divis