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NAGT Crustal Evolution Education Project

cawarg . dtoever, Jr., Froject unecior

Welcome to the exciting world of current research’
into the composition, history and proce.sas of the
earth’s crust and the application of this knowledge
to man's activities. The earth sciences are
currently experiencing a dramatic revolution in
our understanding of the way in which the earth
works CEEP ffiodul€s are designed to bring into
the classroom the methods and results’of these
continuing investigations. The Crustal Evolution
Education Project began work 1n 1974 under
the auspices of the National Association of
Geology Teachers CEEP materials have been
developed by teams of science educators,
classréom teachers, and scientists Prior to
publication, the materials were field tested by
more than 200 teachers and over 12,000 students.
Current crustal evolution research is a breaking
story that students are living through today.

About CEEP Modules...

Most CEEP modules consist of twe booklets. a

Teacher's Guide and a Student Investigation. The

Teacher's Guide contains ail the information

and illustrations 1n the Student Investigation,

plus sections printed in color, intended only for the

teacher, as well as answers to the questions that.

are included n the Student Investigation

In some modules. there are illustrations that

appear only 1in the Teacher's Guide, and these are

designated by figure letters instead of the number
. sequence used in the Student Investigation.

For some modules, maps, rulers and other
common classroom maternials are needed, and in

The material was prepared with the

support of National Science Foundation

Grant Nos SED 75-20151, SE77-08539.

and SED 78-25104 However, ghy opmnions,

findings, conciusions, or recommendations .
expressed nerein are those of the author(s)

and do not necessarily refiect the views

of NSF

In order to comply with U.S Public Law
94-86. every schoo! district in the US A
using these materials agrees to make

, them available for inspection by parents or
guardians of children engaged 1Y
educational programs or projects of the
schoo: district

Q
E MC pyright 1379 by Southeast Missouri Stste University

IToxt Provided by ERI

Teachgrs and students alike have a unique
opportunity through CEEP modules to share in the
unfolding of these educationally important and
axciting advances CEEP modules are designed
to provide students with appealing firsthand
investigative experiences with concepts which are
at or close to the frontiers of scientific inquiry into
plate tectonics Furthermore, the CEEP modules
are designed to be used by teachers with little or
no previous background in the modern theories
of sea-floor spreading, continental drift and plate
tectonics.

We know that you will enjoy using CEEP
modules in your classroom. Read on, and be
prepared to experience a renewed enthusiasm for
teaching as you learn more about the fiving earth
in this and other CEEP modules.

varying quantities according to the method of
presentation. Read over the module before
scheduling 1ts use in class and refer to the list of
MATERIALS in the module.

Each module 1s individual and self-contained in
coritent, but some are divided into two or more
parts for conyenience. The recommended length
of time for each module 1s indicated Some modules
require prerequisite knowiedge of some aspects
of basic earth science, this is noted in the
Teacher's Guide. s
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Volcanoes: Where And Why?

in these activities, the students find the dif-
ferences in the chemical compounds that make
up various rocks, plot a number of volcano sites in
and around the Pacific and relate their oktserva-
tions to plate boundaries and motions. y

Geologists group volcanoes by the different kinds
of rocks they produce. Some ways in which
volcanic rocks differ are in color, texture (size of
crystals), mineral composition and chemical
composition. Let's ook at volcanoes and their
rocks in one of these ways. '

PREREQUISITE STUDENT BACKGROUND i semssssassnsc o i

In order to do these activities the students should
have a basic knowledge of chemical compounds,
igneous rocks, plate motions (including sub-

* duction zones) and use of latitude and longitude

to plot locat{ons. o

OBJECTIVES s ot i ssees T S T B P A R S S S

After you have completed these activities, you
“should be able to:

1. Tell one way in which volcanoes differ, and
use this difference to classify them into certain
groups.
2. Explain why groups of volcanoes@e different.
3. Show on a map where groups of volcanoes

of different kinds are located. .

MATERIALS s=meemsmmmwesy
Black, red and blue pencils for each student

BACKGROUND INFORMATION sz

Volcanic rocks are formed by molten rock that
originates within the earth’s crust and solidifies
by cooling on the earth’s surface, either on land or
underwater. Most volcanic rocks are erupted

- .through-volcanoes, but-some-may-come-up

through fissures and other types of vents. .

There are many different kinds of volcanic rocks,
and almost as many ways of classifying them.
Some of the properties that have been found
useful for classification are color, texture {(e.g..
size of crystals), mineral composition and chemical
composition. Chemical composition is probably
the most reliable property, but it is also the

most difficult and expensive to determine.

Basalt, andesite and rhyolite are names given to
three of the most common types of volcanic -
rocks in practically all classifications. These rocks
differ significantly in their mineral and chemical
compositions. Basalt is dark-colored because it
contains dark-colored minerals in abundance.
Rhyolites are lighter in color because they
contain light-colored minerals. The color of |
andesiie Is usually in between basait and rhyolite.

Ditferences in color and in mineral composition
reflect differences in chemical composition.
Basalts contain the greater amounts of iron,
calcium and magnesium and the least-amount
of silica. Rhyolite contains lots of silica—enough,
in fact, that quartz (SiO,) crystals can form. The
amount of silica in volcanic rocks Is used 2 this
activity to classify them as basalt, andesite

or rhyolite. ,

The students can learn some important charac-
teristics about the earth’s crust by determining
the chiemical compnsition of volcanic rocks and
then classifying them. Representative chemical
analyses, for example, indicate that basalt is

the only type of volcanic rock to occur in the deep
oceat ; rhyolite occurs only on continental areas
and andesite is typically found along the margins
of continents. There are exceptions to this
simple scheme (basalt, for example, is not re-
stricted to the ocean), but it is generally true.

Generaily, then, the earth’s crust beneath the
ocean is of basaltic composition, whereas the crust
beneath the continents tends to be rhyolitic.
Andesite, which Is part way between basalt and
rhyolite in its silica content, characterizes the

’




Q -

areas where oceanic and continental crustal i coming from the subduction zone up through
material tends to overlap. . . the edge of the continent, is mixed with conti- |
" nental rock material. so the silica content.of the

W maw g2t e mcvembatim ol faes mbads Aaabamtan

ity S LSOl 23 TNPLARES BY EiSiS = viso. andesitic lava will be somewhat higher. The

highest silica content is found farther into the ‘
continent where the rhyolite lava is continental

rock rather than ocean-bottom rock.’

Molten réck that comes to the surface in the
Pacific and other ocean areas, flows out as basaltic
lava. This will be low in silica. The same basalt,

SUGGESTED APPROACH oo o s o S S e oo e A o ST A

Basically, these activities should be carried out
by the students as independent inquiry. The stu-
dents can work through the various steps at their
own pace. At the end of the activities encourage
the students to discuss their conclusions. You : :
may wish to contribute some additional

information on the izb]ect. . .
PROCEDURE =
PART A: Where are most volcanoes located? N
in this activity the students plot the location of . Table 1.
volcanoes and relate them to plate boundaries. Locatlons of volcanoes
Key words: none Latitude Longitude
Time required: one 45-minute period Western United Stat . (approximate)
. . rn Unite es,
Materials: black pencil Pacific Border
1. Write down the names of all the volcanoes éas:enLCl?hf%rga , Zg°s g;w
i i rater Lake; gon ° °
2 )éou can think of that are in or around the Pacific Mt. Rainier, Washington 47°N  122°W
cean. Mt. Baker, Washington 49°N  122°W
& g
Give students some’ time to do this. Western United States :
i : ,
° 2. Compare your list with the rest of the class. Western Interior ] ‘
Yellowstone Park, Wyoming 45°N 111°W
: Let them expand their lists by comparing with Craters of the Moon. 1daho 43N 114°W
others in the class. San Francisco Peaks, Arizona 35°N  112°W
3. Table 1 lists the locations of 30 volcanoes. Central America and West Indies
You or others in your class may have named some Paricutin, Mexico «19:N 102:w
of these. Plot the location of all the volcanoes ;‘t’pg;;’ggpa'a'r;"rﬁx'sg gos 2‘13°w
in Table 1 on the map on the Worksheet. (Use . Santa Marta Guatqemala 15°N 92°W
latitude and longitude to find the places.) Write the Mt. Misery, St. Kitts 17°N 63°W
. ——name of the.volcano-next to each location.—— —— —South Amefica e — -
See Answer Sheet. Cotopaxi, Ecuador 1°S 78°W
. M'\ H [+] (-]
4. Where are most of these volcanoés.located? Al ':t" P.Z";“ van Islands A 16°S m -\‘N
aska an eutian islands Area
- Most are around the edge of the Pacific Ocean. Katmai, Alaska' 58°N  155°W
T 7 Some are farther inland, an¢ some are in the Adak, Aleutians 52°N 177°W
ocean far from continents. Umnak Island, Aleutians 53°N 169°W
“ Kamchatka, USSR 57°N 150°E
. Japan
Fuji, Honshu 35°N  “139°E
N lzu-Hakone, Honshu 35°N 139°E
East Indies .
Mayon, Philippines 13°N 124°E
Krakatoa (between Java & SRS
. Sumatra) 6°S 105°E
" Karkar, New Guinea 5°8 146°E
.Central Pacific
° Mauna Loa or Kilauea, Hawaii 19°N W
Galapagos Islands 1°S 91°W
Mariana islands 16°N  145°E ‘
South Pacific .
White Island, New Zealand 37°S 177°E
Auckland, New Zealand 38°Ss 176°E
Tahiti 18°S 149°W
Samoa . 13°S 172°W
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Answer Sheet (PARTS A and B)

o

90°E 105° £ 120°E 135°€ 165°W 180° 165°E 150°W 135°W 120°W 105°W 90° W 75°W 60°W
75N <> . = 75°N
A~ e 2_ ] ] 1 1 | S T2l s O] |
' e S IR R e e ’
l qb ' \ ? -
/7Ji-4\/5 Q’<7} - ] Cﬁ) !
, ¢ S
60°N Po3rd AKA?MQL@ N‘\,. x -\ A 60°N
- 2 c
a (Kamchatka o E\
1/ . .- “-"'.' Q A
’ 8 Umnak Is ’ !
/ Adak %, Mt Baker | /al
L d .
45°N N &~ d ! Mi_Rainier N g 8 45°N
1 d) | Crater Lake{ ,m} eCratersiof the Moon U L\L" ffV .
; ! Lassen ]
?: \ ®San Francisco Peaks
1zu-HaKdne ; \
30°NF - — 5 % AN ) 30°N
0 | “ A
'\J\ o - ¥ Malna Loa-Kiapiea %' ‘.
15°N ) {? eMahana Is. —_ ll hﬁ:‘:iy"* 15°N
Mayon eleg
OV el |
N N
‘ N A N - v | < !
0 \ - ; U S 0°
Ay N !
> \\ [o\-J _\:& o a"“l} Galapagog is , Cotopaxi
(N A+ '/
L H \
Krakatoa o;g’ Y Samoa ) - g ~
15°S 1’\{:\7 {\\ ! bt ° 4 High S0 (red) 15°S
f ~ ! =y & Medium Si0, (blue) ® sty
) d eTaml
» N . e Low SiO (black)
20°S o Pacific Ocean 2008
L__/f\ / 0 1000 2000km
) i
\é\w Aucklanb Vhite Is , Equatorial Scale
° " | 5
FELE . : _ J 3 _ _ [ _ l - T 45°s
90° & 105° € 120°€ 135°€ 150°€ 165 E 180 165'W 150°W 135°W 120°W 105°W 90°wW 75°W
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5. Look at the map of crustal plates in Figure 1.
Where on the plates are most of thasa vnlnrannac
= Jocated?

Most of them seem to be on the edge of the crustal . :
.plates where the plates.are moving toward or ! ‘
past one another. - \

6. How can you explain this? ) - o
The bumping and rubbing of plates causes the o )
friction and heat that make volcanoes. (Note - . \
that most of them are over subduction zones. ” ‘
Some students may make this observation.)

v . *

Carnibbean
Plate

Cocos Piate

Austraha-India

Nazca Plate

South American
Piate

; y Antarctic Piate

‘ '{ .

| Smmemnn A

| : - ,
3

f

) 3} .
E TC‘;dre 1. Map of crustal plates. Arrows indicate direction of plate movement.
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PROCEDURE

PART B: What makes volcanic rocks difterent

from each other?

The students iZentty the SiO, differences among
rocks, plot SiO, groups and relate these to

plate boundaries and 'motions.
Key words: none

L4

&

Time required: ‘one 45-minute period
Materials: Three pencils (red, black, and blue)

- 1. List all the ways in which you think volcanic

rocks can be different from each other.

Color, texture (crystal size), mineral content and .

chemical composition.

when the cnemical COmpOoSIoN oT many vuicanic
rocks is studied, it is found that silicon dioxide
(Si0,) varies the most. The minerals in the rock,
and many of the other things about volcanic rocks,’
can be related to the SiO, content.

For these reasons, one simple classmcatlon system
for volcanic rocks is based on whether the rock
has a high, medium or low amount of SiO,. This
classification system is given below. Examples are
listed in parentheses.

High SiO, © — more than 66 percent SiD,
(rhyolite, obsidian, pumice)
Medium SiD, — between 66 percentand 52 .

- came from different volcanoes. Look at the ' .

-~ Mgo

2. From your fist and the lists of other students,
which characteristics of a volcano depend gn ,
where the rocks come from more than how the rock
material was erupted? When a volcano erupts,
rock material may either be exploded out or
poured out.

Composition and mineral content dzpend on
where the rocks came from, l.e., geography. . '
Texture relates to the way they were erupted,
which to some extent depends on composition.
Color depends on composition and other factors
like weathering.

3. Listed below are the complete chemical
analyses (by percent) of two volcanic rocks that

'percent SiO, {(andesite) ’

Low SiO, — less than 52 percent SiO, (basalt)

information and tell which of the chemical com- . .

~ pounds differs by the largest amount.

Obsidian Cliff,
Yellowstone
! National Park
SiO, 75.50
Al,0, 13.25
Fey0; - 1.02
FeO 091 o
0.07 .
0.90

. Basalt, Hawaiian
Islands (average)

49.58
-13.19
2.40 ] .
9.49 , : .
830
10.69 A
4.76 225 ¢ )
K,0 - 2.85 0.55
Hzo* 041 - *
TiO, - 3.17 _
P205 ° - .26

P ———

100.00

——a-

Ca0
N azo

v e———

100 05

T — 3

The SiO, differs between these two rocks by
about 26 percent. - _
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4, Table 2 gives the cﬁemical compositions for
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enlarge each volcane spot you plotted, with color,
to show if it has a h|gh medium or low aimnount
of 8i0,. So that everyone in the class can compare
their maps, use these colors:

RED for high SiO, (more-than 66 percent)

BLUE for medium SiO, (between 66 percent and
52 percent)
BLACK for low SiO, (less than 52 percent)

5. After coloring.all of your locations, answer
: these questions:

See Answer Sheet. -
a. Where are mpst of the red dots (high SiO,)
located?

Near the edge ‘of the continent or infand.

b. Where are most of the hlue,,dots (medium SiO,)
located?
Near the edge of the continent.

c. Where are most of the black dots (Iow SiO,)
located? “
Most are in the Pacific Ocean, but some are on
. the continents.

6. Geologists have found that “low SiO," rocks
underlie most of the oceans, and that most of
the continents are made up of “high SiC,.” Why do
you think the different kinds of volcanoes are
located where they are? List the reasons. (Here
is a hint: think about what happens at subduction
zones.)
Ocean volcanoes are mare uniform in com-
position because they can only originate by the

. melting of low SiO, rock of the ocean basins or the
fow SiO; rock from greater depths. B

— —Volcanoes associated with subductio;t zones are
varied for several reasons:

,a. A greater variety of materials may be melted,
such as ocean rock or sedimerits being carried
down the subduction zone. High SiO, rocks
related-to the substructure of the continents may
also be melted
b. After rock has melted, it may be mixed with
other materials as it moves upward. A low SiO,
meilt may reach the surface as low SiO, lava
or it may be mixed with other material so that it

-~ - -is a medium SiO, or even a high S10; lava by
the time it reaches the surface. - -

All reasonable ideas by the s!udents should be
accepted and encouraged. Tnrough a class
_discussion perhaps the whoie concept can be fairly
“weli developed by the students. 7 t

a

1

°
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Western United States,
Pacific Border
Lassen, California
Crater Lake, Oregon
Mt. Rainier, Washington
Mt. Baker, Washington

“Western United States,

Western Interior t
Yellowstone Park, Wyoming
Craters of the Moon, idaho
San Francisco Peaks, Arizona

Central America and West Ir.dies
Paricutin, Mexico
Popocatepetl, Mexico
Mt. Pelee, Martinique
Santa Maria, Guatemala
,Mt. Misery, St. Kitts

South America
Cotopaxi, Ecuador
Misti, Peru

Alzska and Aleutian Islands Area
Katmai, Alaska
Adak, Aleutians
Umnak Island, Aleutians
Kamchatka, USSR

J\a‘pan .
Fuiji, Honshu
Izu-Hakone, Honshu

East-Indies .
Mayon, Philippines .
Krakatoa
Karkar, New Guinea

Central Pacific
Mauna Loa or Kilauea
(average), Hawaii
“Galapagos Islands N
Mariana Islands '

South Pacific
White Isiand, New Zealand
Auckland, New Zealand
Tahiti (average)
Samoa (average of 5 flows)

Table 2.
Chemical compositi
Si0, AlLO;
R’\‘
573 183
55.1 18.0
62.2 171
574 16.6
755 13.3
51.5 14.0
61.2 17.0
55.1 19.0 .
62.5 16.6
65.0 17.8.
594 19.9
59.8 18.3
56.2 15.3
- 60.1 19.0
769 122
60.0 17.0
52.5 153
60.6 16.4.
49.8 206
538 148
53.1 20.0
67.3 15.6
60.1 164"
49.6 13.2
484 ° 154
512 17.3
62.2 143
493 . 156
443 14.3
484 133

e

[y
| 278

ons s«
“FeO+  MgO+
F82Q3 Ca0
) A
6.2 12.7
7.1 13.2
5.1 8.1
8.1 10.6
1.9 1.0
15.2 8.8
5.7- 6.9
7.3 11.9
4.9 . 8.4
45 75
59 7.0
7.3 9.2
9.7 ’12 7
5.0 7.4
1.4 0.9
6.9 10.4
12.8 12.7
7.9 8.9.
11.2 15.4
13.0 13.5
8.2 13.1
43 4.0
9.6 10.4
11.9 19.0
11.8 18.1
10.9 15.9
6.0 9.8
11.9 18.0
124 19.6
123 15.9

Na,O+

e
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SUMMARY QUESTIONS

lu IIUW UU VUIUGHIU ’UUI‘\G \JIHUI !Il uuutpuamu::

Mainly in the amount of-SiO, that they c0ntair!.

2. How is the composition of volcanic rocks
related to their location on crustal plates?

Low silica volcanic rocks are found mostly well
in the interior of ocean basin plates, medium silica
rocks are at the edge of plates above subduction
zones, and high silica rocks are located mostly in
the continentat parts of plates. - &

¢

EXTENSION
Find the location of volcanoes in other parts of

_the world. Using the plate boundary map in

L4

Flgure 1, tell whéther each of those volcanoes
should be hjgh, medium or low in SiOs,.
Withgut chemical analysis reports you cannot
be sure chow the students are doing on this
EXTENSION, but you can judge their methods,
logic and probabimy of being correct for the
places they choose. = . .

HELPFUL BACKGROUND MATERlAL
FOR CLASSROOM PRESENTATION

Films: .

v Heartboat of a volcano (20 min.), AGI-EBE, 425
N. Michigan Ave., Chicago, Ill. 60611
Voicano: the blrth of a mountain (24 min.),
AGI-EBE, 425 N. Michlgan Ave., Chicago, lil.
60611

~
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Education Project Modules

textbooks, consult Ward'’s descriptive
shown here refer to the CLASS PACK

Guide and 30 copies of the Student
Investigation. See Ward's descriptive

[

<

Copynight 1979 Txcept for the rights to
matenals reserved oy others, the .
pubhisher and the copyright owner hereby
grant permission w thout charge to
domestic persons of the U.S and Canada
for use of thus Work and refated matenals
in the Enghish language in the U S. and o
Canada after 1985 For conditions of use
and permission to use the Work or any part
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language. apply to the copyright owner or
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of eacnh Module consisting of a Teacher's

literature for alternate order quantities.

CEEP Modules are listed here in aiphabetical
order. Each Module is designed for use in
the number of class periods indicated. For
suggested sequences of CEEP Modules to

- . cover specific'topics and for correlation

of CEEP Modules to standard earth science

literature on, CEEP. The Catalog Numbers
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. CEEP Module

Class CLASS PACK
Peglor - Catelog No.

¢ A Sea-floor Mysteryg Mapping
Polarity Reversals

¢ Continents And Ocean Basins:
Floaters And Siinkers

> e Crustal Movement: A Major Force
In Evalution

e Deep Sea Trenches And Raaloactivz

Waste

¢ Drifting Continents And Magnetic ‘

Fields

e Drifting Continents And Wandering
Poles

¢ Earthquakes And Plate
Boundaries

/e Fosslls As Clues To Ancient

Continents

¢ Hot Spots In The Earth’s Crust

e How Do Continents Split Apart?

¢ How Do Scientists Decide Which Is
The Better Theory?

e How Does Heat Flow Vary in The
Ocean Floor?

¢ How Fast Is The Ocean Floor
Moving?

- -e |celand: The Case-Of The-Splitting—- —3- 34 W 1214

Personality
e Imaginary Continents: A Geological
Puzzle

¢ Introduction To Lithospheric
Plate Boundaries

o Lithospheric Plates And Ocean
Basin Topography

e Locating Active Plate Boundarles
By Earthquake Data

e Measuring Coittinental Drift: The
Laser Ranging Experiment

¢ Microfossils, Sediments And

3 34 W 1201

3-5 34 W 1202

2-3 34 W 1203
1 34 W 1204
3 34 W 1205
‘4' 34 W 1206
2 34 W 1207
2-3 34 W 1208

3 34 W 1209
2 34 W 1210
2 34 W 1211

2 34 W 1212
2. 34wi23
2 34 W 1215
1-2 34 W 1216
2 34 W 1217
2-3 34 W 1218
2 3{ W 1219

4 334 W 1220

Sea-floor Spreading

¢ Movement Of The Pacific Ocean

i Floor

¢ Piate Boundaries And Earthquake
Predictions

¢ Plotting The Shape Of The Ocean
Floor

¢ Quake Estate (board game)

e Spreading Sea Ficors And Fractured
Ridges

¢ The Rise And Fall Of The Bering
Land Bridge

¢ Tropics In Antarctica?
¢ Volcanoes: Where And Why?

e What Happans When Continents
Collide?

¢ When A Piece Of A Continent
Breaks Off .

¢ Which Way is North?
e Why Does/Sea Level Change?
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———  Geologists group volcanoes-by-the-different kinds £ .
. of rocks they produce. Some ways in which .
volcanic rocks differ are in color, texture (size of .
crystals), mineral composition and chemical . )
compbsition. Let’s look at volcanoe$ and their ¢ ¢ R
rocks in one of these ways. . >

@

OBJECTIVES sasseammsusas

RS L =5

After you have completed these activities, you

should be able to:

1. Tell ore way in which volcanoes differ, and

use this difference to classify them into certain

groups.

2. Explain why groups of volcanoes are different. )

3. Show on a map where groups of volcanoes .
of different kinds are located.

"

Y

o - ’
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PROCEDURE Sgsee R e
PART A: Where are most volcanoes located?
Materials: black pencil

1. Write down the names of all the volcanoes
you can think of that are in or around ti1e Pacific
Ocean.

/

Table 1.
Locations of volcanoes
Latitude Longitude

2: Compare your list with the rest of the class. o

2. Table 1 lists the locations of 30 volcanoes.

You or others in your class may have named some
of these. Plot the location of all the volcanoes

in Table 1 on the map on the Worksheet. (Use
latitude and longitude to find the places.) Write the
name of the volcano next to each location.

4. Where are most of these volcanoes located?

’

(approximate)
Western United States,
Pacifi¢c Border
e lassen, Califorma—— . 402N 121°W
Crater Lake, Oregon 43°N - 122°W
Mt. Rainier, Washington 47°N 122°W
__ Mt. Baker, Washington < _49°N  122°W .
Western United States, '
Western Interior
Yellowstone Park, Wyoming 45°N  111°W
Craters of the Moon, Idaho 43°N 114°W
San Francisco Peaks, Arizona 35°N 112°W
Central America and West Indies R
Paricutin, Mexico 19°N 102°W
Popocatepetl, Mexico 19°N 98°wW
Mt. Pelee, Martinique 15°N 61°W
Santa Maria, Guatemala 15°N 92°W
Mt. Misery, St. Kitts 17°N 63°W
South America
Cotopaxi, Ecuador 1°S 78°W
Misti, Peru 16°S 71°W
Alaska and Aleutian Islands Area
Katmai, Alaska 58°N 155°W
Adak, Aleutians 52°N 177°W
Umnak Island, Aleutians 83°N 169°W
Kamchatka, USSR 57°N 160°E
Japan .
Fuji, Honshu 35°N 139°E
lzu-Hakone, Honshu 35°N 139°E
East Indies -
Mayon, Philippines 13°N 124°E -
Krakatoa (between Java &
Sumatra) 6°S 105°E
Karkar, New Guinea 5°8S 146°E
Central Pacific >
.Mauna Loa or Kilauea, Hawaii 19°N  156°W
Gatapagos Islands 1°S 91°W
Mariana Islands 16°N  A45°E '
South Pacific ; m
White Island, New Zealnd . 37°s  1IT°E .
Auckland, New Zealand 38°S 176°E
Tahiti 18°8 149°W

Samoa 13°S 172°W
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5. Look at the map of crustal plates in Figure 1. 6. How can you explain this?
Where on the plates are Host of these volcanoes
located? W

Eurastan §
Plate

Y \ \‘
Y >

\
~

Caribbean
Plate

Philipptne Plate

Austraiia-India
Plate .

Pacific Piate

South American
Plate

. . Antarctic Plate »

E lK&I‘Cgure 1. Map of crustal plates. Arrows indicate direction of plate movement.
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PROCEDURE s

. PART B: What mzkes volcanlc rocks different

from each other?
Materials: Three pencils (red, black, and blue).

1. List ail the ways in which you think volcanic
rocks can be different from each other.

2. From your list and the lists of other students,
which characteristics of a volcano depend on
where the rocks come from more than how the rock
material was erupted? When a volcano erupts,
rock material may either be exploded out or
poured out.

T
>

3. Listed below are the complete chemical
analyses (by percent) of two volcanic rocks that
came from different volcanoes. Look at the
information and tell which of the chemical com-
pounds differs by the largest amoynt.

Obsidian Cliff, Basalt, Hawaiian

Yellowstone Islands (average)
National Park

SiO; 75.50 49.58
AlLO, 13.25 13.19
Fe,0; 1.02 2.40
FeO 0.91 9.49
MgO 0.07 8.30
CaOo 0.80 10.69
Na,0 | 4.76 2.25
K,O 2.85 0.55
Hzo* 041 -

T|02 - 31 7
P,04 - .28

100.05 100.00

o

Whan the chemical composition of many volcanic
rocks is studied, it is found that silicon dioxide
(Si0,) varies the most. The minerals in the rock,
and many of the other things about volcanic rocks,
can be related to the SiO, content. - ..

For these reasons, one simple classification system ‘_\
for volcanic rocks is based on whether the rock
has a high, medium or low amount of SiO,. This
classification system is given below Examples are
listed in parentheses.

High SiO, -~ ——_more than 66 percent SiO,
(rhyolite, obsidian,-pumice)

Medium SiO, — between 66 percent and 52 T~
percent Si0, (andesite)

Low SiO, — less than 52 percent SiO, (basalt)




4. Table 2 gives the chemical compositions for
the volcanoes listed in Table 1. On the Worksheet
enlarge each volcano spot you plotted, with color,
to show if it has a high, medium or low amouant
of SiO,. So that everyone in the class can compare
their maps, use these colors:

RED for high SiO, (more than 66 percent)

BLUE for medium Si0, (between 66 percent and
52 percent)

BLACK for low"SiO, (less than 52 percent)

. 5. After coloring ail of your locations, answer

" these questions:

a. Where are most of the red dots (high SiO,)
located?

6. Geologists have:found that “low SiO,"” rocks
underlie most of the oceans, and that most of

the continents aie made up of “high SiO,."” Why Jdo
you think the different kinds of volcanoes are
located where they are? List the reasons. (Here

is a hini: think about what happens at subduct|on
zones.)

—-——b—Where-are-most-of-the- biuedotsr(medrumSlOg)—

located?

c. Where are most of the black dots (low SiO,)
located?




]
-]
Table 2. -
- b Chemical compositions
- FeO+ MgO+ Na,O+
8102 A|203 Fe203 « Ca0 K20
Western United States,
Pacific Border
Lassen, California 57.3 18.3 6.2 12.7 11,0
Crater Lake, Oregon 55.1 18.0 7.1 13.2 4.5 °
Mt. Rainier, Washington 62.2 171 5.1 8.1 5.8
Mt. Baker, Washington 574 166 8.1 106 58 |
Western United States, - -
Western Interior : ‘ :
Yellowstone Park, Wyoming 755 13.3 1.9 1.0 7.6
Craters of the Moon, {daho 515 14.0 15.2 8.8 5.9
San Francisco Peaks, Arizona 61.2 17.0 57 6.9 7.0
Central America and West Indies .
Paricutin, Mexico 55.1 19.0 73 119 49 a
Popocatepetl, Mexico 62.5 16.6 4.9 8.4 61
Mt. Pelee, Martinique 65.0 17.8 4.5 , 7.5 4.7
Santa Mana, Guatemala 59.4 19.9 5.9 70 5.1
Mt. Misery, St. Kitts 59.8 18.3 7.3 9.2 45
South America .
Cotopaxi, Ecuador o 56.2 153 ° 9.7 12.7 67
— Mistl, Peru 60.1 19.0 50 71 7.2
Alaska and Aleutian Islands Area «
Katmai, Alaska? 76.9 12.2 1.4 09 7.3
e Adak, Aleutians 60.C 170 6.9 104 4.8
Umnak Island, Aleutians 525 151 128 127 47~
Kamchatka, USSR 606 16 4 79 8.9 5.0 —
Japan ;
Fuji, Honshu 49.8 20.6 11.2 15.4 1.9
1zu-Hakone, Honshu 53.8 14.8 13.0 135 2.7
East Indies
Mayon, Philippines 53.1 20.0 8.2 13.1 4.2
Krakatoa 67.3 156 43 - 4.0 7.0
Karkar. New Guinea 60.1 16.4 9.6 10.4 2.6
Central Pacific °
Mauna Loa or Kilauea
(average), Hawaii 496 13.2 119 19.0 2.8
Galapagos Islands 48.4 15.4 11.8 18.1 3.2
Mariana Islands 51.2 17.3 10.9 15.9 3.3
South Pacific
White-~Island. New Zealand " 62.2 14.3 6.0 9.8 49
Auckland, New Zealand 49.3 15.6 119 18.0 4.1
Tahiti (average) 443 14.3 24 19.6 5.1
‘Samoa (average of 5 flows) 48.4 13.3, 12.3 15.9 5.0

SUMMARY T e T ———

1. How do volcanic rocks differ in composnlon? 2. How is the composmon of volcanic rocks

related to their location on crustal plates?
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EXTENSION S

Find the location of volcanoes ir other part&cf B
the world. Using.the plate boundary map’in

Figure 1, tell whether each of those volcanoes )

should be high, medium or low in SiO,.
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