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« o An Introduction

b %
This unit is about the geologic processes that shape the landscape. A given
landscape on the earth is the product of the influence of either tectonic or
erosional forces acting on the crust over a long period of time. The concept
: of geologic time is difficult to comprehend, but very important in understanding
Lo why the landscape looks as it does. The processes that shape the land are very
» gradual, and for the most part (except during earthquakes, volcanic eruptions, &
floods, etc.) radical changes in the landscape do not occur within our lifetimes,
but rather in the course of millions of years (see Geologic Time Chart shown
in Table T1). * - .
The unit ifitroduces students to both internal and external processes. Internal
B processes have traditionally included earthquake agtivity, volcanic and plutonic
activity, and metamorphism. These processes are associated with the formation
of crustal structures such as continents, ocean basins, mountains, folds, faults,
and volcanoes. Recent studies in geology, especially those pertaining to ocean
' features, have led to a unified theory of crustal structures. This theory, the
plate tectonic theory, envisions the formation of new crust along mid-ocean
ridges, the movement away from the ridges by large crustal plates, and the
subduction «f the plates at deep-sea trénches. The beginnings of this theory
} - are founded in the early proposal of Alfred Wegener (sce references). In 1915
he proposed that the earth’s continents formed one supercontinent that later
split apart, the fragments gradually drifting apart from one another. The theory
was considered controversial and divided geologists into opposing groups. The
. débate among geologists continued and has led fo a general theory that goes
: beyond drifting continents to include major tect®ic plates. . '
: " Mountains are a major feature of the landscape, but more importantly, they
' reflect in their appearance the internal processes affecting the crust. Of major#
M - significance dre the processes'of vulcanism, which involve movements of molten
rock, and of diastrophism, which involve movements of solid crustal rock-In .
“addition to volcano formation, vulcanigm is responsible for masses of solidified -
rock that have intruded, while molteg, into older rock formations. . TS
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GEOLOGIC TIME CHART

The Geologic Time Scale

Beginning . Duration

(approx. (approximate
{millions of millions of

~.RERIOD.. .. .. .EPQCH. ..} _years dgoy...|... ..ycars).

Quaternary

¥

{ Recent .
Pleistocene 0-1 |

: . Pliocene 1 10
Cenozoic ‘| Miocene 25 : 14
Tertiary Oligocene 40 ' 15
' . Eocene 60 20
{ * ¥ Paleocene 10 10

“( Cretaceous ' ' 65
Mesozoic Jarassic 180 45
Triassic _ 45

Permian 45
' Pennsylvanian Carbon-

L . 80
Mississippian iferous
Paleozoic Devonian S0
_ Silurian - 40
Qrdovician . ) - 60
Cambrian o 100 *

Late  Although many local subdivisions'
are recognized, no worldwide sys- -
.tem has been evolved. The Pre-
_ Precambrian Middle cambrian lasted for at least 2}
C - . billion years. Oldest dated rocks
*| Early are at least 2,700 million, possibly
. 3,300 million, years old.
' £
. Diastrophic activity can occurn several forms: rocks. .may move along a
fracture line, fold over themselves, dr be displaced in great Upward, downward,
or tilting motions that affect a whole region. The earth is not so slid beneath
our feet as we may think, but is forever in the processes of change through
energetic forces.
Structural fcatusz such as mountains. do not last forever: Kinetic energy
supplied by erosional agents acting over long periods of ume has profound

effects on the land.
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The wearing _a@a_v of rocks by wind, water. and ice and the subsequent
deposition of the debris dlsewhere are factors that shape all [andscapes. Soil,
that significant feature of e earth’s Crust. is a mixture of this rock debris with
organic matter. The runnipg water of streams is the most common source of
1 crosipn that leads to,the formation of valleys and floodplains. Less common,

but often more spectacular, are the effects of glaciers, wind, gcean waves and

+ curreats, and gro Mgiwater. The' materials removed by erosion accumulate in

vagious location:mdimcms; the major portions of which find their way into

. the oceans. TH§ge' fediments. continually being buried under new deposits,

* harden into n ks \ygosc characteristics reveal much about the history.of
on. - 16 |8 o ease et 2t e e 1. .

mére, mformation on geology is desired, the following references are
recommended. \ :

Beiser, Arthur, and the Editors of Life. The Earth (Life Nature Library). New -
~ - Yotk: Time, Inc., '1962. . )
~Boyer, Robert E., and Jon L. Higgins. Activities and Demonstrations Jor Earth
Science. West Nyack, N.Y.: Parker Publishing Co., Inc., 1970,
«Clark, Thomas H., and Colin W. ‘Stearn. The Geological Evolution of North '
America. New York: The Ronald Press Company, 1960.
Editors of Scientific American. The Planet Earh, New York: Simon and .
Schuster, Inc., 1963. s
Engel, Leonard, and the Editors of Life. The Sea (Life Nature Library). New
\ York: Time, Ine., 1963. / | .
ESCP Pamphlet Series, Houghton Mifflin Company, Boston, 1971.
“The following titles in the series, are especially appropriate:
' ‘ PS-1 Field Guide to Rock Weathering
¢ PS-3 Field Guide to Layered Rocks
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PS-4 Pield Guide to Fossils " / ‘
PS-5 Field Gyide to Plutonic and Metamorphic.Rocks .
PS-6 Color of Minerals o
' . PS-7 Field Guide to Beaches coe e N
_' oo PS-8 Field Guide to* Lakes . , ¢
. . “Farb, Petc#nd the /E/iitors of Life. The Land and Wildlife of North America
(Life Nature Libfary). New York: Time, Inc.. 1963,
Gamow, George. 4 Planet Called Earth. New York: The Viking Press, Inc,
» 1963, : .
' Heller, Robert L., ed. Geology and Earth Sciences Sourcebook. Ndw York:
o ; Holt, Rinchart and Winston, 1970, * : ¢

lfeopold,.A. Starker, and the Editor§ of Life. The Desery (Life Nature Library).
New York: Time, Inc., 1962. . o '

Leopold, Luna, Kenneth S. Davis, and the Editors of Life. Waser (Life Science

: Lidrary). New York: Time. Inc., 1966. 3

" Milne, Lorus J. and Margery, and the Editors of life. The Mountains (Life

: ~

\ 3
.

. Nature Library). New York: Time, In¢., 1962. _ '
v - Powell, J. W, Down- the Colorado! (Science Reading Series). Princeton, N.J.:
o . - Princeton University Press, 1964, : ' : .
\ | o ' . .
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Rhodes, Frank H. T, H. S. Zim, and P. R. Shaffer. Fossils: A Guide 1o Prehis-
toric Life. New York: Golden Press, Inc., 1962.

Shelton, John S. Geology Illustrated. San Francisco: W. H. Freeman & Co.,
Publishers, 1966.

Stokes, William L., and Sheldon Judson. Introduction 1o Geology: Physical and
Historical. Englewood Cliffs,.N.J.: Prentice Hall, Inc., 1968.

Wegener, Alfred. The Origin of Continents and ‘Oceans. New~York: Dover
Publications, 1966. . ¢
Zim, Herbert S., and Paul R. Shaffer. Rocks and Minerals (A Golden Nature

Guide). New York: Golden Press, Inc., 1957.

. referred tp, and the student gets acquainted with how they are to be used.

1L possible, you should have available in your classcoom a-number.of-refer— ... e

ence books for use as additional resource material by the students.
The following films from Encyclopedia Britannica Films, 1150 Wilmette

Avenue, Wilmettg, Illinois, are reccommended for use with the following chap-
ters.
Chapter 1: Evidence for the Ice Age ,
Chapter 2: Rocks That Form on the Earth’s Surface
" Rocks That Originate Underground '
@& Why Do We Still Have Mountains?
Chapter 3: Erosion—Leveling the Land

Chapter 4: The Beach—/A River of Sand Waves on Water

o

AN OVERVIEW \‘

The materials in this inh are organized differently from those in other units.

“There are few activities in the chapters. Instead, through ca‘refully’.‘scl&ted
pictorial evidence, ljmited explanation, and a series of questions, the chapters
introduce the majgr geologfic mechanisms for shaping the landscape.

All the questiops are backed up by approptiate resources, which provide
the necessary information and activities from which to derive answers to the
questions. Howgver,+it is the student’s responsibility to determine which re-

sources are needed. Remember, it is the intention of the unit to have the student *

reasen out the/information required. Both because of his rﬁaturity and previoug
ISCS experiences, the student should be able to respond to questions such as
“What are the variables involved?” or “What information do 1 need in order
to angwer the question?” R : | "
Chapter/ | sets the stage for the entire unit. Common geologic features are
prcscnt_E with a series of pertinent questions. Instruction is provided to help
the studgnt perceive the pattern to be used in finding answers. Resources are

The remainder of the unit then focuses on the major features of the landscape.
Chdpter 2 centers. on some of the most spectacular scenery in the United

- States—the mountains. The student will consicz? such key processes as uplift,

layefring, vulcanism, erosion{glaciation, arRl di trophism. Numherous aclivities

g availaf:lc in the Tesources to aid himv.in his quest \for understanding. .

L
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Another major landscape feature is the midlands. the topic for Chapter 3.

Rivers play an important role in shaping the midlands sector and thus receive

~a major emphasis in the chapter. The student is called on to use the concept
of kinetic encrgy that he studied in earlier levels of ISCS, E(osion and deposi-

tion are important processes featured in this chapter. '
A third major feature of the landscgpe, the shorelands, is considered rather
- thoroughly in Chapter 4. Shorelands include not only the coastal regions.but
A also the beaches of our many lakes. The student will be exposed to such topics
) . - &8 wave action, beach variability, delta formation. and tidal action. Resources
are varied and abundant for providing activities to help explain these processes

and features,

~ 3ome of the- fosees with-which the student has been involved in previous
ISCS levels are again put to use in the activities of this unit. Many types of
encrgy, including gravitational, chemical. heat. solar, glacial, meteorological,

and mechanical, are interwoven throughout Crustv Problems.

With our hurried pattern f living. some students may try to finish the unit
as rapidly as possible. Help such students to slow down. The effects of undue
speed are especially detrimental in the stream-table activities. Because you are
using such a small amount of water, it takes time tQ produc?l observable
change. The student must be patient and. observant or thé etails of what
happens will be lost entirely. The same .type of deliberation will be needed

. for many of the questions included in these chapters. The student should
realize, howeyer, that the stream table js only a simulation. The particles,
volume of water, and time are not on the same scale as in nature.

You will have to help some students ise the resources wisely. Beginning in
Chapter 2, the resources are grouped by clusters at the end of each chapter.

/,  All the resources in any particular cluster are aimed at a specific contept in

. geology. The student text points toward the cluster; the student must select

! . the appropriate resources from it.

he could also be given a choice of the order with which he deals with the
-~ .- chapters. For instance, all students could begin with Chapter 1. Then some
could go to Chapter 2 on mountains. some to Chagger 3 on midlands, and/
the remainder to Chapter 4 on seashores. After finishing a chapter, the student
could proceed to another one until all four chapters are completed. One decided
advantage that this system affords is relieving conggstion and demand on ‘the
available equipment. The four stream tables, the modeling clay, and other items
will go a lot further in supplying sfudent needs.

; In any cise, don't expect all students to travel at the sAme pace, or get the
e same answers to questions, or use the same resources. This unit can go a long
way in providing for individual differences. ) v
. " ITEMS TO BE SUPPLIED LOCALLY o
- In order to keep costs to a iinimum, and’to reduce the bulk of the kit, it
is spggested that a number of items needed in the unit he procured locally.
. ‘ ,
. . iz e o r o

Not only does the student have a choice of which resources to study, but -

‘
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“of scissors, several sets of pencils in 3 different colors, rulers, and tape. In |

U .__.__..*,_.thp.tcr.z.wixh.jxs.rcsnmmmill.uqui}e-whi& PAPEr;- FUlerS; SCISSOFS; PRPOE- -+~ mrms - ond <o

-matchesd wooden blocks, such as 2 x 4's, about 1 foot Jong, several old

“pencils, a cup of powdered milk, a knife. baby-feod jars, 8 cardboard shoe

-+ 1. Cleanup area Provide a bucket of water for preliminary washing of hands” . .
T }s the sjudents work with the stream tables. The mud should not be washed . S

. RSENRLR NPT A T NREI o 1 MRS AR CONIAS: v+ 1 3%
. ; i :

$

Many of‘ésc can normally be found in a science classroom; others are easily

obtained from your students. You will probably want to sct u p a checklist and

ghther the materials well before they are needed for the activities. :
In Chapter | and the acqompanying resources, you will need several pairs:  J

addition, you should ask students to bring in baby-food jars. You will probably
be able to use 3 dozen or so in the chapters that follow. If you don’t have
a clock with a sweep-second hand in youi room, it might Be possible to et
an old but usable clock donated for use in the timing exercises in the later
chapters.

»

towels, a protractor, a 5” X 7" index card, baby-food jars, tape, a short piece . '
of string or thread, a weight such as a lcad sinker, a sharp steel nail or needle, /

10 one-quart milk cartons (unless test-tube racks are available), 10 glass plates

about 2" square (cut from broken window glass), a sharp knife, corks for test

tubes, 3 sticks of white chalk, 3 sticks of cdlored chalk, several teaspoons (may _
be plastic), about 60 small paper cups, a metal file, 2 sheets of finc sandpaper, - /
a 10”_x 10” piecedf masonite or plywood board, 4 building bricks, wooden e

hacksaw blades, and a dozen pans, such as old aluminum pie or cake pans, R
and some sand to put in them. ; . :

Chapter 3 and its resources need first the sand that is to be’mixed with the
silt shat is supplied (for the 4 stream tables) along with some sand- that will ’
be used unmixed, as in t}w pans in Chapter 2. You probably should get about ]

6 gallons of clean sand (that’s about 75 1b) to'use for all the activitics. Then *
you will also need about a quart of gravel (pebbles, small stones), wax marking

boxes, and about 20 pieces of cardboard from old boxes. .

In Chapter 4 and the resources supporting it, you will need 4 more wooden
blocks, about 2" x 4” x 8”, fos the wave activities, and gravelas in Chapter . "
3. For all the stream-table activities in Chapters 3 and 4, it wouldibe wise ‘
to have ‘a gencrous supply of paper towels, rags, aftd a mop. It would also
help to have another pail or two for students to rinse their hands, so that sand
or silt doesgpot go into your sink drain. ' B

®

PREPARATION -OF EQUIPMENT .
' 4
With: the' materials listed for local supply and the items furnished in the kit,
you should have everything ‘necded to supply all the chapters and resources:
But a number of advance preparations must be made for using these materials. 3
It would probab?' be wise to get these done as soon as the studepts begin ~
the unit. In the Yollowing listing, a bricf procedure is given, along with the
chapters and rgsources in which the equipment will be uséd. ‘ B

’ ’




. emergencies. This will be used throughout the upit.

,

into a sink. Have plenty of paper towels and a mop on hand in case of

: v
2. Modeling clay (5 Ib) The plasticene clay is fuqished In assorted colors. Set
up a shee box or otber container on the supply table for each separate color.
At the conclusion of an activity, the models should be broken down and the
clay separated by color. A flat blade such as an old hacksaw blade will be
udeful in cutting the clay. Resources 15, 17, 18. S

3..Rock kit (4 each of 16 samples) Each rock sample must be numbered. The . .
following procedure (also included with the rock kit) will serve as & guide: -
Oa cach rock, form a dot about 1" in diameter with the white marking Liquid . e e e g

e
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“bettrary: Thén Write the number given in the parentheges on the white dot
with a ball-point pen. By types. the rocks are as follows: Sedimentdry: cons
glomerate: (13), shale (16), limestone (17), sandstone (19). Metamorphic: gneiss
(0S), marble (12), quartzite (15). slate (18), schist (20). Igneous: pink granite 1
(06), gray granite (07). gabbro (08), basalt (‘Oj rhyolite (10), obsidian (11), : .
pumice (14). Resources 5, 6, 7, 9, 10. ~ o . :

4. Hydrochloric acid—(0.5M) (1 1b) Add 20 m! of concentrated (12M) hydro- -
chloric acid (HC) to 480 md of water. Dispense it dropping bottles labgled
“Dilute HCL." Resources §, 7.9 o -

8. Test-tube racks (quart milk cartons) '(1 0) If test-tube racks are not available,
you may want o0 make racks out of the plastic-coated, one-quart milk cartons. -
Cut out one side of the carton fof the front of the rack. Make several cuts

in the top side, large enough for a test tube to.slide in, and spaced along the _

"-top. Resources 6, 7 = _ e

6. Corks (#18) 30) Wells must bé cut in the corks to receive molten materials.
t is rather arduous making the hole with a knife; if you have a cork-borer - ﬁ i ¢
(or can borrow one), a quicker and neater Job tan be done. Alternatively, your )

schogl shop might drill ‘the holes the correct size for you. Details are given
in Resource 6, where they are used. BT °

7. White sand (] lb)‘ Put jhe white sand out, a baby-food jar at a time, on the _
supply table. Label it “White'sand.” Resources 7, 8, 36 . - : : _ : e

8. Chalk (3 white, 3 colored) Cfush the white ch!iik ax{d thg colored chalk
separately into a fine powger, and put in labeled baby-food jars on the supply
table. Resource 7 S . ’ N
9. Siit.mix (4 1b) Save Qui a babi-food jar ful before you make the sand-silt
mix. Put the'labeled jar on the supply table for Resource 7. o* /
10. Sand-siit mix Save out a baBy-food jar full when you ‘mix i for the stream-
tables. 'Label the jar for the supply table. Resource 7 - ~

11, Miperals kit (2 ¢;¢h of 12 sampies) Bach mincrai‘sax;lple ﬁmst be bered \ . ' . ]
in the same way as the rock samples (see preparation 3). The numbels in-thee _ -
parenthesgs should be used for the following mineyals: augite (21), caldige (22), ~ T '~

- . N . - ) -
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microcline feldspar (23), plagioclase feldspar (24). galena (25), garnet (26),
hcmat_itc (27), hornblende (28), biotite mica (29), muscovite mica (30), olivine
(31), quartz (32). Resource 11 :

12. Volcano Using the copper sheet, the 10” % 10” board. and the 4 bricks,
and following the directions in the teacher notes in Resource 13, the volcano
can be constructed. Ammonium dichromate and magnesium ribbon are sup-
plied in the kit. Large wooden matche’;\é’hguld be used for igniting the ribbon.
It is suggested that only one set-up be constructed and that the activity be

. done under close supervision with groups of students who arrive at that point

together. The activity gives a very realistic simulation in a semidarkened room, -

but you should be forewarned that it is very messy. The products of the
combustion of the ammonium dichromate include chromic oxide, Cr, O4, which
is a dark-green fluffy substance. As with a real volcano, this ash is thrown into
the air, and will be all over the room. Also, as with any pyrotechnics, the activity
is potentially dangerous. Resource 13 - :

13. Stream tables (4) This apparatus is the most widely used item in the unit,
and is utilized continually in Chapters 3 and 4. Preparation is broken into three
parts: (a) the stream table with outlet system, (b) the supply system, and (c)

- the contents of the table.
. (8) The outlet assembly must be put together. Keep, the inside end of the
threaded pipe as close as possible to the inside surface of the plastic.
Tighten the nuts well the first time to avoid leakage. Attach a 60-cm

length of the rubber hose and add the screw clamp. Woaden blocks or.

bricks are used to provide a slope to the table.

(b) Supply buckets. Heat a large nail (quite hot) and push it through the
sides of four of the plastic five-quart buckets, about two centimeters from
their bottonis as shown below. Enlarge the hole by reheating the nail
and forming an opening just arge enough to allow the insertion of the
threaded pipe. Smooth both inner and outer surfaces around the hole
with a sharp tool. ) ] :

Use the assembly kits containing the threaded pipe, washers, and nuts
to make a spout: Modeling clay under the washers helps to make a tight
seal when the nuts are tightened. Attach 30 cm of rubbe’ tubing and

-
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5qt.Bucket  Hot nail
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~ also prepare a

‘Rubb;t washers

will il

The supply bucket should be supported about 30 cm above the table.
A cardboard box or stool may be used. If a cardboard box is used, add .
several thicknesses of corrugated cardboard under“the bucket. A thin
plastic cover should be added to keep water off the cardboard box.

(¢) Sand-silt mix. Add enough clean sand to the 4 |b of silt mix supplied
in the kit to make 4 gallons of sand-silt mixture. Mix well. Put 1 gallon

(4 quarts) of the mixture in each stream table. Save out a baby-food

II"I

\

Threaded pipe
“# hole tightly,

v Jar full for Resource 7. T he mix should bé pre-wet before student use,

Chapter 3: Resources 27, 28,29, 31,-32, 33,34, 36; Chapter 4: Resources*

-« 38,40,41, 4, 46 »

“14. Stream troilgh (1) The lower end of the ‘stream trough should extend Just
" over the end of a table. The catch bucket can rest on a chair. The supply bucket

shoi_lkl be lower than when it is used for the stream table. Resource 27.

18. l('owdmd';iﬁ"‘ooluuon (1 cup) Prepare the solution, making it as thick
as possible and yet casily dispensable with a medicine dropper. This solution_
needs refrigeration if it is kept for a period of time. Resource 28

16. Plaster Sheets (8) Two thin sheeis of plaster are needed for each stream
table to provide the hard caprock for the waterfall activity: The simplest way

of preparing these sheets is to put a very thin layer of water into the bottomes:-.
of & flat dish; such as an aluminum pie dish, arfd sprinkle in plastér of paris
to make a wet layer about 3 mm decp. Allow this mixture to set. When it

is almost set, cut through the plaster to make strips about 5 cm wide, the width .
of the dish. Allow these to set and dry completely. Resource 33

17. Sand-and-plaster blocks (8) Each stream table will need a block made of
23% plaster of paris and 75% sand for the wave erosion activity. You should
: s&nd set of blocks for use when the first set is croded away.
Each block should be 2 . 4} x 1}". A piece of wood §” thick, 13" wide, and
9} tong will furnish the material for the meld. Cut the piece of wodd. into
four parts, two of which are 1{.long, and the ‘other two pieces 34" long. Then
follow these directions: . = . ¢ - R v
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(a) Make the mold by using the four pieces of wood you cut as shown in
the’sketch. Hold it together with rubber bands.

/6»—2 inches ——-?’
1Vs inches 4

Y/-ﬁ . | / A — Plece of wood
1

1Ya

Rubber bands

(b) Put a thin layer of sand or soil into the bottom of an old aluminum
pie dish and set the mold in the sand. -

Sand or soil

(c) Thoroughly mix I cup of plaster of paris with 3 cups of clean sand.

(d) Pour water into the mold till it is about half full, and quickly sprinklc
the plaster-sand mixture into the water, continuing until the mixture is
level with the top of the mold.

()t Sprinkle some water on top if it looks dry. Care should be taken that
the block does not_ become too wet.

(f) The block should set suﬂ'lcncmly to pcrmnt removal from the mold in
about an hour.

(g) Any of the mixture that remains after making the 8 blocks can be stored
in a nghtly capped jar.




\

Narrow horizontal cut about
haltan inch iong and one
eighth inch deep

Sand-plaster block

—V
- Longest
dimension
(h) Use a knife or any sharp instrument to make a small cut in the block

about halfway up. It should be about §” long and }” deep. It represents
a joint (crack) in the rock. Make a similar cut near the top of the block
and another near the bottom. The water:level in the stream table must
reach the middle notch. Resource 38 -, . - o

18. Plaster blocks (12) Each stream table will need one block 3”7 x 27 % 2~
and two blocks 4 x 2” x 2” made of 100% plaster. Prepare the molds. of
suitable dimensions in the same way you did for the sand-and-plaster block
in preparation 17. Follow the same procedure for makiry the block.: using
plaster of paris only. The blocks will take about the same time to set. The
larger blocks are used in Resources 40, 41, 44, and 46. The smaller block is
used in Resource 44, . -

19. 8and dune box (5) Provide labeled shoe boxes with ohe end cut out. Put
in §” of plain sand. Resource 37 '

20. Concept of geologic time Ninth graders (and most adults!) find it difficult o

to conceive of the vast spans of geologic time. This is especially understandable
when you consider how shert the life span of nearly everything around'us is.

In geologic time, a tpillion years is a relatively short period. As a result, this- -

unit does not attempt to develop an understanding of geologic timd as an
absolute. Relative ‘rates at which the features are changing are developed,
however. You' may want to provide some information for those students who
aré interested. Here is a suggested method. The age of the earth is approxi-
mately 4.5 billion years. Obtain 4.5 meters of adding machine tape and a
meterstick. Have the students locate points on the tape that correspond to the
dates given for the following events. (Hint; First., mark one-billion-year units

on the tape.) \

—

T3S -




i

' throughout the unit.

LY
(a) Oldest rock ever found. ..o oo 3.3 bidlion years old
(by Fust abundant anmmal tosals 0 o000 oo 06 bilhon vears apo
(<) hkirst rcpnl'c.s VR 0 3 bathon yeats ago
() And climate in much of North America ... ... 0.22 billion years ago
(¢) Fust primitive horses . . ... .. ooy . .07 bilhon years ago
(F) Man ... e 002 billion years ago
g} Lastdee Age oo e 00001 biflion years ago
(h) Earliest written records of man. . ......... 000008 billion years ago
* (1) Firstynovable-type printing press .. ... ... 00000033 billion years ago
(j) The year of your birth. .. ........... . . - years Ago

Stretch the finished tape along one side of the room and leave itup for display

GENERAL INFORMATION

Each chapter of the Teacher’s Edition contains an cquipent list tfor that
chapter. The same is true for each resource. In addition, the last page of the
final resource tor the chapter alerts you to ‘the preparations necessary for the
following chapter.

The first page of each chapter also gives the chapter emphasis and the major
points, and a listing of the clusters of resources that may be used. The first
page of cach resource gives the purpose and major points. Answers Lo some
key questions are alsp included in the margins of this Ledcher’s Edition.
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| . - - Foreword

. ‘A pupil’s experiences between the ages of 11 and 16 probably shape his 5
- ultimate view of science and of the aatural world. During these years - / ’
most youngsters beconie more, adept at thinking conceptually. Since '
concepts are at the heart. of science, this is the age at which most stu-
dents first gain the ability to study science’in a really organized way. .
’ '- Here, too, the¢ commitment for Or_against science as an jnterest or a-
: : vocation is often made. ' . .
Paradoxically, thé students at this critical age have been the ones
least affected by the recent effort to produce new science instructional
* materials. Despite a number of commengdable efforts to improve the
. “situation, the middle years stand today as a comparatively weak link in - . o
: "~ + stience education between the rapidly changing eleméntary curriculum . .
N and the recently revitalized high school stience, courses. This volume ‘
and its accompanying materials represent one attempt to provide a
. . sound approach to instruction for this relatively uncharted level. .
.o ~« 7 At the outset the organizers of the ISCS Project decided that it ' _ ’
' v would be 'sﬂortsighted and unwise to. try ‘to fill the gap in middle
school science education by simply writing anothér textbook. We chose ‘ ’
instead to challenge some of the most firmly established concepts
about how to teach and just what science material can and should be
taught to adolescents. The ISCS staff have tended to mistrust what
authorities believe about schools, teachers, children, and teaching until
we-have had the chance to test these assumptions in actual classrooms
with real children. As conflicts have arisen, our policy has been'to rely - -
more upon what we saw happening in the schools than upon what Lo
authorities said could or would happen. It is largely because of this -
policy that the ISCS materials represent a substantial departure from
the norm. . , . Y
The primary difference between the ISCS program and more con- T -
ventional approaches is the fact that it allows each student to travel . '

-
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at his own pace, and it permits the scope and sequence of instruction ©
to vary with his interests, abilities, and background. The ISCS writers
have systematcally tried to give the student more of a tole in deciding
what he should study next and how soon he should study 1t. When the -
materials are used as intended, the ISCS teacher serves more as a
“task caser” than a “task master.” It is his job to help the student
answer the questions that arise from his own study rather thag to try
to anuugate and package what the student needs to know. -~ »

There is nothing radically new in the ISCS dpproad'fw/nstrugtmn
Outstandmg teachers from Socrates to Mark Hopkins have stressed the
need to personalize educatidn. ISCS has tried to do something more
than pay ip service to this goal. ISCS’ majonntribution has been to
design a system whereby an average teacher, operating under normal
constraints, in an ordinary classroom with ofdinary children, can ins
deed give maximum attention to each student’s progress. o

The development of the ISCS matenal has been.a group eftort from

* the outset, 4t began in 1962, when outstanding educators met to decide
-~what might be done to improve middle-grade science teaching. The

- reecommendations of these Zf nferences were converted into a. tentative
plan for a set of instructional materials by a small group_of Flox;lda-‘
State University faculty. members. Small-scale writing sessions con-
ducted on the Florida State campus during 1964 and 1965 resulted in
pilot curriculum ‘materials that were tested in selected Florida schools
during the 1965-66 school year. All this preliminary work was sup-
ported by funds generously prqvided by-The Florida State University.

In JuneggOf 1966, financial support was provided by the United Stafes
Office of Education, and the preliminary effort was formalized into
the ISCS Project. Later, the National Science Foundation made sev-
eral additional grants in support of the ISCS effort.

The first draft of these materials was produced in 1968, during a
.summer wntmg conference. The. conferees were sciéntists, science
educators, and junior high school teachers drawn from all over the
United. States. The original materials have been revised three times
prior to their publication in this volume. More than 150 writers have
contributed to the materials, and more than 180,000 children, in 46 -
states, have been involved in their field testing.

We smcerely hope that the teachers and students who will use this |,
material will find that the great amount of time, money, and effort
that has gone into its development has been worthwhile.

-
i 4

Tallahassee, Florida The Directors
February 1972 . " INTERMEDIATE- SCIENCE CURRICULUM S§TUDY
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Notes to the Student |

o

‘The word science means a lot of things. All of the meanings are “right,”

but none are complete. Science is many things and is hard 10 de-
' scribe in a few words. . ' » ' T “
_ & ) We wrote this book to help you ynderstand what science is and what :
] 1 \ ’ _ scientists do. We have chosen to show you these things instead of
FY SN describing them ‘with words. The book describes a series of things for T
€ | .- . - you to do and think -about. 'We hope that what you do will help you
q° . o .. learn a g«‘;}od,deal about nature and that you will get a feel for how :
4 - a0 L sciimtix’sls,;iacklc problems, Sy S ;
i : ~ How s this book different from other te‘xtbook's(
g B ' This book is probably not like your other textbooks. To make any
b | { " . sense out’of it, you must work with objects’and substances. You should ’
B A T do the things descgibed, think about them, and then answer any gues- '
-1 . : tions asked. Be suie you_answer cach questidh as you come to it. . .
i* SN The questiors in the book are very imporiant. They are asked for
1] - : B ’ three: reasons: ) : .. - : :
E %8 o ‘ " 1. To help you to think through what you sce and do. N
L 1 . - 2. Toletyou know whether or not you understand what you've done.
E O | ’ 3. To give youa record of what you have done so that you can
" use it for review. ' ' x ' " i :
£ | ) . How.will your class be organized? ' - . '
i .. ' Your science class ‘will probably be quite ditferent from -your other . °.
i T \L . . classes. This book will let you start work with*ss' help tha.n.usual ‘
.. ' ~_ from your teacher. You should begin each day’s work where you ?‘eft
. . “off the day before. Any equipment and supplies needed will be wait- ,] B
' x o ing for you. Ces - . o
. wl *{,_‘T . :,,:: R N -y : / v . ‘ ’: - ;
he ~ N b L - N e '
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Your teacher will not read to you or tell you the things that you are

/‘ ' _ to learn. Instead, he will help you and your classmates individually.
) T Try to work ahead on your own. If you have trouble, first try to
{ solve the problem for yourself. Don’t ask your teacher for help until

_ you really need it. Do not expect him to give you the answers to the

! . questions in the book. Your teacher will try to help you find where
. and how you went wrong, but he will not do your work for you.

After a fow days, some of your classmates will be ahead of you and

others will not be as far along. This is the way the course is supposed

; to work. Remember, though, that there will be no prizes for finishing

Tirst. Work ar whatever speed is best for you. But be sure you under-

stand what_you have done before moving on.

Excursions are mentioned bt several places. Thesewspecial activities

ar¢ found at the back of the book. You may stop and do any excursion

= that looks interesting organy that you feel will help you. (Some ex-

cursions will help you do some™of the activitie§ in this book.) Some- :

times, your teacher may ask you to do an excursion. *

*

: " What am | expected tq'--le'am? NN

-~

During the year, you will work very much as a scientist does. You
. should learn a lot of worthwhile- rinformation. More important, we
) hope that you will learn how to ask and answer questions about
o nature. I&'ep in mind that Ieammg hew to find answers to questzqns is .
' ‘Q&\ _ Jjpst as valuable as Iearnmg the answers themselves. '
‘ : .« Keep the big picture in mind, too: Each chapter bwlds on ideas’
already dealt with. These ideas add up to some of the simple but
-pawerful concepts that are so important in science. If you are given a
Student Record Book, do all your writing in it. Do not write in this
v . book. Use your Record Book for making graphs, tables, and diagrams, : | A\
t00. - S :
From time to time you may notice that your classmates have not .
always given the same answers that you did. This is no cause for .
' o} - worry There are many right answers to some of the questions. And
. .- in some cases you may not be able to answer the questions. As a
¥ - matter of fact, no one knows the answers togome of them. This may
-y | N .seem dxsappomtmg to you at first, but you will sbon realize that there
is much that-science does not know. In this course. you will learn

| some of the thmgs we d.n t know as well as what is known. Good luck! ~ _
; | o : ) | _ ' e







FQUIPMENT LIST
Pe: student-team

1 scissors

2 world maps (in Record Book)

3 ditterent.colored pencils

1 epicenter data table (in Record Book)

A First Look at Earth

-, . ¢

Just a few years ago the photograph you see on the facing
page could not have been taken. dsn’t it rather awesome to
think you were walking around on that planet the day the
photograph was taken? In this unit, you will be asked to solve

-many problems concerning the planet you are looking at, -

to make observations of features that you may see, and to

determine how those features were formed and what might

happen to them in the future.
Although yo\s\h:v'e lived on the earth all your life, there

is a good chance that you have wondered about one or more

of the following,

I. How old is the earth?
+2. Has the carth ‘always looked the way it does on the
facing page?
3. Has the land that your school rests on alwaxs been
. there?
‘4. Is the earth changing in any way? .
5. Do tht continents actually drift? .
*© 6. What causes an earthquake, a volcano, or a landslide?
AY

CHAPTER t.MPHAYI

The earth 1, a dynati, body, b evidenced
by such large-sacale Chanfjes ae carthquakes,
continental dnft, and soi fioor spruading.

Chapter 1

Resources 1 through 4 arg keyed to this
chapter Note that thay are found at the end
of the chapter.

MAJOR PUINTS

1 Observations of tho earth from ditferent
locations (outer space. an earth sateilite, on
the surtace)’vary and lead to ditferent inter-
pretations:

2. The earth is a changing planet

3. The shape of the continent; led early geol-
0giuts to hypothesize continenial drift. .
4. Theoccurrence of glacal driff and grooves
in the Southarn Hemizphere continents and
India are correlated and Support the drifting-
continent hypothesis :
-. Earthquakes represent the interaction of
crustal plates and occur In zones at difterent
depths.

6. Magnetic anomaies imndicate the spreading
.of ocean crust away from mid-ocean ridges.

SPECIAL NOTE

Chapter 1 provides a transition for the student
trom the Core-Excursion mode! he has beeri;
used to in other units to the Cora-Resource®
model used in Crusty Problems. You are on-
couraged to have u shB¥t discussion with stu-
dents when they tinish Chapter 1, concerning
how the rosources are organized and when
they are to use them. N

.
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Encourage students i * tiow this suggestion Have you ever thought ab«')ul any ¢ }hcr questions related
of writing questions. *  vhich they have no o the earth? If so, why don’t you write them in the space
answers. i thewr Hec -1 Books This 1s an - provided in the Record Book, and then as you s‘ludy this

exceallent opportuntty ¢ - «t-ray the sound scl-
entific congept of asking the right questions,  UNit, or when you finish, check back and see tf you've an-

and then searching for anawars 10 them swered them.

Before moving in and getting a closer look at the carth,
examine the chapter-opening picture once again.

(J1-1. If you were an observer from outer space, how would
you describe the planet before you?

* Figure 1-1 ~ Figure 1-1 shows a portion of the planet as seen from
' about 150 miles above the surface.

[:]1-2. List *he important features you see in the photograph.

. ~ . [O1-3. In the photograph, do you see any evidence of motion
2 CHAPTER 1 or change?

- .




.Flgure 1-2

If you said No in response to-question I-3, your answer is  DOWN TO EARTH
corrt'ct, based on the evidence in the picture. '

q1-4. What would you say if asked the same question about [ - single supercontinent that mads up th
Figure 1-2? If you decided that change is shown in the pho-  earth abo{ut 225 million years ago in the conti-
o : . at ochng nental_drift theory was called Pangaea. This
tograph, list the evidence you used to make that choncg. huge mass splt into two parts—L acrasia ang
Gondwana. The first of these’ became North

From the evidence in Figure 1-2, there’s no doubt that America, Europe. and Asia. The second con-
. . . tained the land that through the ages became
at least that bart of the carth is active and changing. One  goum America, Africd Australia, Antarctica,
of the exciting areas of study a eologist encounters is the  and india. At a much later time, India drifted
L e . v north to join tha Edgasian continent.
study-of the ways the earth has hanged through time and _ )

what might have caused the charnge.

For a moment let’s consider the subject of change on a grand DRIFTING
scale. In 1915 Alfred Wegener, a German scientist, propoged CONTINENTS v _ ’

that all the continents were once joined together and formed '
continents. Try your hand at fitting the continents together

one super landmass. He also proposed that this landmass - ﬁ .
- as you would a puzzle. For the activity, you will need the / ’ .
following materials: . * . .. % - | 4 .. "

»

later broke apart into separate continents. One of the first
lines of evidgnce to suggest such an idea is the shape of the

H

| pair of scissors
1 map of the world

' - ’ ’ \ s .
ACTIVITY 1-1. Cut out the continents of North America, South
\;.Amorlc'a, Eurasia, Africa, Australia, and Antarctica, '

R | '7 "l,: . ' 32

K .
.‘ﬁ"




" This 15 practice in using the gesources Be
Sure that students go to Resources 1 and 2,
read themoand then decide 1o us one in
answaring question 1-6 Both of them seem
1o support the continental drlt theory The
first uses glaciation and the resulting rock
markings: the srcond employs rock layering
and tossils Tho student oxplanation should
theretore involve one or the other of these.

-
M

N THE QUAKING EARTH

Thera s a ¢lose conneclion betweeén the con-
tinental drift theory and the occurrence of
earthquakes. It. as Is theorized, the earth's
crust 1s moving in large sections, or plates,

than at the ?uls that thesae platos are pulling -
13 1%

apart or comiry together thare would tend to
ba disturbancus, The sliding, fracturing, or
buckling of the crust could be falt in the form
of a shock wava, or earthquake.

4 CHAPTER 1

. ACTIVITY 1-2. Piece the continents together in such a way

that you get the best fit possible.

Studants, should not axpect a pettect fit Many
things could happen t, shorelings to change
their shapes.

If you were successful, you probably were able to put the
pieces of the puzzle together to form a supercontinent. Now
Suppose someone ‘were to ask you if. the' continents were
really together once. What would you say? What kind of
information would you need to support the idea?

- .

Now you have a problem on your hands, don't you?
‘Whenever we have a problem to solve, we need information
(call it data if you wish) to help us solve the problem. In
this unit, the source of that information will be in the set
of accompanying rcsi{urccs. In some cases, you will not only
have a problem posed, but you will also have to search for
the resource or resources to help you solve the problem. For
‘the first problem, we’ll give you some direction in terms of
which specific resource you might study., '

The problem you have here is this: What kind of evidence
will support (or reject) the idea that the continentsawere once
Joined together? Read through Resources | and 2 very quickly
-and decide which one you would like to do.

> '
(J1-S. Which resource did you do?

[J1-6. Did the resources support, or\p(ject, the idea that the
continents might have been joined together? Explain your
‘response. y

L)

Let’s continue our examination of the earth. You probably”
have never experienced the shock waves produced by an
rearthquake. But you probably. have read in the newspaper

or seen on television the destruction of property and logs of .

lives due to these tremors of ‘the earth. You might think
[ 4 - .

earthquakes are rare events on the earth, especially ¥ you

have never experienced one. But this is not true. Hundreds

of tremors occur daily all around the earth, many too. small

'to be reported. Now and then, however, one occurs that is
powerful enough to destroy cities and towns and kill thou-
sands of people. - . AR

- N

’

-«
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. Let’s consider what has been said. If there are many
quakes occurring daily, why would we say that few of you
have experienced them? Where do they occur? Haw deep
in the earth do they originate? How powerful are t cy?

Let’s consider- the first two questions: Where on the earth
* and how deep below the surface do earthquakes occur? To
find out, you will need the following materials:

3 different-colored pencils
I map, in Record Book
I epicenter data table, in Record Book

-

Below is a sample epicenter: data table, which gives you
R information regarding the date, time, location, depth, and
magnitude of earthquakes. ‘

Table 1-1

T Y9 es

The 3 colorad pencils are local supply tems
Students could use a requline pencil, a pen
with blue ink. and another colored pencil or
Pon In tho sampla epiconter data table given
in Table 1-1, and i the tabig n the Stident
Record Book, .an antry ot "N* for Depth reters
to "notmal™ and should be plotted as a
shallow earthqinike a:. defined the chart on
the next page  The ‘Magnitude in the tablg
refers o the enargy 1elensed by the earth-
quak> The larges' nademitude recorded on
the scale winco ity use was 8 6 The Alaska:

IS

quake of 1964 registercd 8.4,

N SN N PTIAR e
'

__PRELIMINARY DETERMINATION OF EPICENTERS
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Notice that if you read across a single line in Table 1-1,
- you will obtain information about a single earthgpake. -

CHAPTER 1 §




-7 aDMe~f e 1 1971 4t 1 12268 {(AM)
Graenwica Mean Time
boLocation . Turtkey
¢oDeptn 14 km
d Labtuede 372N
v Longitude -30 2" £

+

Must carthquakes tall in the shallow category.
This », especially true of the hughly destrucuve
ones -.

IS
\

Table 1-2

. gfudvnts may need help in plotling *points on
a map, using lattude and longitude. You
might want to us® a standard geographic map
on which they could read the latitude and
longtude of principal citiesMor pracice.

4 L3

Y

(J1-7. To make sure you can read the table, determine the
following for the first earthquake listed.

a. Date earthquake occurred
b. General location

¢. Depth (km)

d. Latitude

e. Longitude

~

How did you do? If you were successful, continue on. If
not, go back 4and study the table.

Using the data from the table, you are to plot the location
and indicate the depth of each earthquake. To indicate the
depth, utilize the following chart in plotting your earth-

L L e S Mteen VlTe PAe e camep -
_.!.ﬂ'w‘_._ X "7“ SR AT —~y

-

Symbol or Color - L

" 4+ blue
B red .

Faty '

s

0 yellow - -0 g

To locate the position of the earthquake on’ the map re-
quires the use of two 2oordinates. You're familiar with locat-
ing a point on a graph, using X- and Y-coordinates; on a
map, latitude and longitude are used.

For example, in Figure 1-3, point X has the coordinates
of latitude 30° N, apd longitude’90° W. Look at point Y, with
a latitude of 15° Sj:md longitude of 90° W:

Figure 1-3

| al Ad
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{ 11-8. What are the coordinates of pomnt Z2?

.Dud yo

U get latitude 15° N and longitude 120°-w?

ACTIVITY 1-3. The first earthquake on the sample epicenter
data table has the coordinates 37.2° N and 30.2°E and Is
located as shown on the map. Find this location on your map
and use an appropriate symbol or color to mark it. Now, using
the epicenter data table on page 3 in your Record Book, piot
all the earthquakes in this manner.

-

[11-9. On the basis of the earthquakes you have just plotted,
list the regional locations of the earthquakes.

(J3-10. Would you say that earthquakes are randomly dis-
triblited over your map, or are they concentrated in zones?

. Look- over your completed map again but, this time, focus
on the depth of the earthquakes. ' ’

.

" OJ1-11. Can you find any zones on your map where there

are coricentrations of _shallow, moderite, or deep ecarth-
quakes? If so, where? "4

NPt e e e vleunense shoald ha

cvdent ony s it Bhudsnts shouid ba

able o reeagne L e g arotineg the jPacie -

Ocecan, e concesi toon around the Matay
fenmnely . o the South Pacific \
Id Jander sead a b sy vy the centes
of the Modtic g Soutl, Attanhc ang through
e Moediten coan, L twgeen Larava and
Al exteelavg noeng of Indine Huough the
Fmalao Tho upprt U;mg 15 o students
fotes that e e gy t l.mdnm{y disttibuted
Wuestiody 118y, et g0 definutedy i gzones,
Phese ey, cabiabon of !‘h.'lh;w qakes
hrong!: ihe =00 Al and of tnodarale to
depaquak g e costem const of Sutth
Amienca £ on -1 1) -

ra
[T
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You now know that earthquakes do occur in zones and
that some places on the carth have more shallow earthquakes
: than other places. .
Studant attempls to explamn the pattern or

devetop a modal should prove interesting. . .
You might want to point out that there is a [ ]1-12. How can you explain this pattern of earthquake

close correlation between volcanic activity > |gcation? Why are there zones of shallow earthquakes and
and earthquakas in terms ot tocation The ) :

“ring of tire™ around tha Pacitic Ocean Is a zones of decp earthquakcs"’ i
exampla of this relationghip. . R { .
. (11-18. Refer to Resources 3 and 4. Does either resource

provide you with an adcquate e¢xplanation of the two obser-
vations concerning earthquakes?

(J1-14. Can you describe another model that might explain
these observations?

At this point in Chapter 1, you have taken a first, large-
scale look at the planet on which you live, and you also have
a general model from which to view the éarth. Like any
model that you have developed in this course, it is temporary
and subject to change as new data and evidence are gathered.

More about resources
LY

In this unit, you will be asked to solve problems by an-
swering questions posed about geologic features and. events.
To make it clear to you when you should consult the re-
sources, we'll use either this symbol, '

RESOURCE “S—.
[0 CIUSTER §

When this occurs, you should turn to the resource section
at the end of the chapter. Everything you need to answer
all the problems will be somewhere among the resources.

Important Note  The resources follow each chapter and those
Jollowing Chapters 2, 3, and 4 are further arranged into clus-
lers. s, -

~

For chmple, if you are working in Chapter 2, for each
resource problem in that chapter, you will be directed to a
cluster of resources indicated .as Cluster.A, Cluster B, and

so forth. ~
| 37 L

0.
, -
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. . . i .
: Remember, resource implies support, and that’s what you .
... Bet._Each resource contains information. that you. can fall They ater ater ety chrsters 11 Ghaptors. -
back on to fill gaps in your knowledge. Unlike excursions, 2. 3. and 4 A cluster of tsourcos 15 atned
h th ‘. t d in th : der will d at a particalar §art O_f the subject mudtor of thae
owever, they are not arranged in the order you will nee chapter ,
them, even though they are grouped by chapter. It is up to

you to find and use the ones you think will be helpful. . .3

Take a look at the general geology chart (the composite dia- HOW THE UNIT IS
gram, shown in Figure 1-4 below). If you lopk closely, you ORGANIZED . &
should find that part of the diagram contains features some- * )
what like those near you. Students all over the United States

will find this to be true because the drawing includes most ' - L.
- " of the important landforms found in this country. - Figure 1-4 '
re .7 . ) \' T
| —_—

Young
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&\Each of the three chapters that follow focuses upon fea-
Tl t\\n*pb . it dn [Ty LS RE [
T PR TR e “ures shown in“oné of The three sections (A, B, or ¢y of the .
s 1 0 Ut ot Dwes e e i "'}‘ diagram, As you work through the chapters, you are to use

the oy e sabions el uses ol P e g

Eaprcnee ha L shown tatsome dadeo g YOUT Tesources as a help in explaining how the vdrious fea- Py
rolucfant o go o thesr s crbve e e tures got the way thcy are. .

thery will try Lo nsiweyr the o oeions oe - g

the problems ~dhout any ,,.,_, Lrents thee bosoh Chapter 2 centers upon some of the most spectacular sce-
You may have tordo o sethngsoh the :an nery in the United States—the mountains (section C). In it
poun heaneg thye the use of e 1o - Garces Lo . .

wde the st and most pocteal path YOU will try to figure out how landscapes like the one shown
thtoogn the urt in Flgure I-5 got the way they are—and even try to guess

what the area may-look like in the future.

!

¢
Figure 1-§

Chapter 3 deals with what might be called the “midlands”
of the United States. This is the area shown in section B
of the diagram. Among the features you W1ll Jnterpret are
the ones shown in Figure 1-6.

" Figure 1-6

¥ o
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o
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Chapter &deals with the area that borders the sea—ithe
shorelands. This iy section A in the diagram. Examples of ..

T T g KInd of featubes you will studyNin Chapter 4 are shown |
o "in Figure 1-7. N :

. ’ . N l' - L ]
- oo . .
- Begin your study of “crusty problems” with Chapter 2,
“The, Mountains.”” When you haye finished all the chapters

and the appropriate resources, you should be better able to .
interpret the country you live in. Good luck!

Before going 6n, do SQIf-quluétlon 1in your Record Book.

T “/-Anéien‘t'ic‘e Sheets'
o8N Continental Drift

) 3 supportive evlqen.:e.\ EQUIFMENT LIS
ba: od on glaciation,’ for the continental drift

A -

theary Cut-tp map trom Activity 1-3
' ' * 1 solorad pencil

During the late mineteenth century, geolagists discovered
evidence that an ice age existed about 200 miilion years ago
in three continents of the - Southern Hentisphere—Soutk{
America, Australia, and Africa. What was the evidence, and’
more important, what does an ancient icé sheet have. to do
with continental drift? - = . .

First let’s look at the evidence: Figure | shows a rock
outcrop that is rather smooth in appearance and has a series

This resource Is almed at quastion 1-6, ' .
, . Ty

.
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MAJOR POINTS

11 An ice dae existod M South Amur.c . Aus-
traha, and Atrtca 200 milhon yoars ago
2. Parallel yrooves N A rock surface can be
made by tho movemeny of an ica maas
3. Deposits 1oy by glaciers are callud glaclal

. dritts.

a\t. ‘Glacial «jrooves and dt is of about the'

~3ama age h.ave been found on South America,
" Africa, Australia, Antaictica dnd India .
5. Inorder for glacial grooves to have formed

In the direction thay are aow found, 1t would

- have been necessary 1or the glacler to have

moved from an area now covered "y ocean,

“
*

of parallel grooves. If you know anything about the hardness
of rocks, you'll probably agree that whatever scratched the
rocks in Figure | must have been a very powerful force. We
know now that such grooves can be made by a huge mass
of ice, several thousand feet thick, moving very slowly over
solid rock. ‘ ' "

-

A glacier carries, at its base, rock fragments of various sizes -

that act as an abragive, like sandpaper. Thus, as the glacier
moves along, it apable of scratching and cutting deep
grooves in the ro ' o

" Another piece of evidence is the location of deposits simi-
lar to that shown in Figure 2. Notice that the material con-
tains rocks of various sizes, from large boulders to small

_ fragments. Also, note that there is an abundant supply of

finer matevial, such-as sand, mixed in with the mass of rock.
This is diypical'feqture of glacial deposits. Such a deposit
is called glactd! drifr. River or stream deposits are ‘more

“uniform in size because of the sorting effects of moving

water, : N : “ )
- "Glacial groovessand drift of gbout the same age have been
‘faund on South America, South ‘Africa, Australia, Antarctica,

i3

" and India! Figure 3 shaws:the distribution of anclent glacial.

TS »
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k | drift and the dnrectxon in which glaciers moved. (The direc- g _
; R tion of glacial graoves tells geologists the direction in which et wit have funter e e eenca with
o the glaciers moved.) Look at South America closely. In"order  alacial groove s Chagstir 2 -'-d the' accom-
! : panying resources. .
R . to explain the glacial grooves there, it would be necessary -
Y for the glacxer to have moved from areas now covered by , .
& . -~ anocean. Also, nate that glagial drift is found very near the . T

.
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EQUIPMENT LIST
None N

PURPOSE: To provide supportive: cvilerce
based on ruck layers and fossils, Tor thd con-
tinental drift theory. . . - ,

This resource is aimed at 'que.stion 1-6.

. S

S

One explanation of these facts.is that the landmasses were -
connected at the time of glaciation and then the continents
moved apart at a later time,

-
.

ACTIVITY 1. Using the cutouts of the continents " Activity
1-2, draw the arrows showing the dl?ectl_on of glacial motion
on each of your cutout continents, as shown on Figure 3. Use
a colored pencil to show the distribution of drift. Fit the conti-
nents, togetWer, using as guides the directlonidf the arrows

“(assume the glacler moved out in all directions from a central

area) and the distribution of drift.

[11. Do you think the distribution of gluciul'dri/’t and the
location of "glacial grooves provide evidence to support, or
reject, the idea of continental drift? Explain your answer.

»

[12. It not, what ether explanation can you make?

2 Rock Layers, Fossils,
and Continental Drift

Do you think the rock layers on the left side of the highway

. In Figure I match the rock layers on the right side? (.‘oxlnp'ure

the areas at the ends of the two lines AA’ and BB They
should help you conclude that they do match,,




You shouldn’t be surprised, because engineers blasted the
rock away to build the highway. However, the photograph
tllustratés one of the things that geologists do; namely, try

BN I YRR I T

to match rock layers that are separated from cach other. et e Bt b
Let's look further at the idea of matching rock layers. '

L1 Can you match one rock layer with any other rock layer
shown in Figure 27

The problem of matching is a little more difficult in this
photograph, but if you use a rule you should be able to find
several layers that match (based on the color of cach layer).
Notice ‘the thin dark layer near the top on the ridge at the
left. Perhaps you used this layer to help you match with other
layers. To understand this examine the diagram in Figure
3. Notice how the layers are matched on the basis of the
color of the rock. ' ot Figuré 3

B -
BLGOURCE. 2
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The seed tern Glossopteris shown hdre must
have flourished in great abundance In the
Southarn Hemisghere some 250 milllon years
aqo: as eyidenced by the profusion of tossil

romains.
S
L4

Figure 5

RESOURCE 2 ¢

L)

Figure 4 shows diagrams of two ggquences of rock layers.
All the rocks are layered. A key 1§ provided to help you
identify the rocks.

[J2. Do the layers in rock sequence 1 match the layers irl‘
rock sequence 2?7 '

300 %o Tillite (rock
%3'-.’..’3; . formed from

000%5 08¢

vesenss|  glaclal til

Mixture of sand-
stone, shaie,
coal with
plant fossil

Shale with
animal fossl|

Rock Sequence 2

You probably found that the bottom three layers in each
sequence matched. The first layer; or lowest layer, is tillite.
Above that, is a layer that is a mixture of sandstone, shale,
and coal with a plant fossil,. The third layer is shale with
animal fossils. The fourth ldyer in sequenee 2 is a mixture
of sandstone, shale, and coal, which appears to be missing
in sequence 1. However, the fifth layer in sequerrce 2 matches
the top layer in sequence 1. The two layers are very similar,

How is this going to help you decide whether the conti-
nents drifted -apart? Let’s examine these sequences again.
Figure 5 shows a drawing of the plant fossil found with the
layer of sandstone, shale, and coal,

You might have used the fossil to help you answer ques-
tion 2. Geologists use fossils to help them match rock layers.

-
e.

-

-
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In fact, the presence of a certain type of fossil is a better
clue that the layers match than is thettype of rock. Notice
that the layer containing this plant fossil, which is called
Glossopteris, lies just above the tillite. -
Here’s one more fact that might be helpful. Rock sequence
* 1in Figure 4 is found in southern Brazil and rock sequence
2 1s tound in South Africa!

[13. How can you explain the 4currcncc of similar rock
layers and identigal fossil plant$ on two different continents?

Probably the strongest kind of evidence to support conti-
h nental drift is the presence of identical fossil plants, such
' as Glossopteris, on different continents separated by hun-
dreds of miles of ocean. ldentical plants could hardly have
developed in areas separated by such distances. It is possible
that the seeds of these plants could have floated across the
ocean, but most biologists rule this out. You may suggest
that birds carried the secds. However, the first flying apimals
did not occur until millions of years after this time. Thus,
the idea of continental drift was suppdrted on the basis
of similar rock layers and fossils occurring on different
continents. _
“You might be wondering whether similar ‘sequences
and the fossil plant Glossopteris have been found clsewhere. |

Well, they have! They were found in Australia, India, and
3 Antarctica!

3 Contraction Theory

; &'- This resource is almed at questions 1-11 EQUIPMENT LiST
4 < through 1-14, )

. . None .
S T Tilting of rocks, movements of the earth’s crust, and earth- .

‘quakes are examples of the kinds of forces that affect the
earth. What produces these forces that dimple, wrinkle,
bulge, crack, and tilt the earth’s surface? (See Figure 1.)
Geologists disagree upon this, but several useful models have

.been developed.

One model is described btlow. Read the description care-
fully and think about how the process being described might
have affected the earth. Later you will be asked to use the

. model to explain how certain mountains were formed.

» ¥

e . S )

- «

-

PURPOSE: To provide a possible explanation

“tor occurrence @t earthquakes

MAJOR Pouyé

1. One model for mountain-bullding  and
earthquakes pictures the earth as having a
tough crast around a core that is shrinking as
it cools.
2. As the core shinks, some parts of the crust
are uplifted to form mountains and other parts
are pushed downward to form valleys.
3. Cracks torm in the crust because of these
opposing motions.

» ’
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Figure 1°

Neotes thee sucestion that fhe student Lake gn
dupler 3t b Poechaps someonc weald be
wHiing to breing a baked gy ple 1o school

“

¢

Have you ever seen what happens to the skin of an apple
when it is baked? As shown in Figure 2, the skin-buckles’
and cracks as loss of water causes the fruit inside to shrink.
If you have never scen a baked apple, bake oxjc at home.

-
v




One model for mountun-building and carthquakes views
the carth as being somewhat hike a baked apple  that is, as
having a tough “skin™ around a eore that was once very hot
and s now shrinking as it cools, According to this model,
the core shrank, causing some parts of the carth’s crust to
be uplitted, forming mountams. Other parts of the @ust were
pushed downward into valleys (sce Figure 3). Cracks tormed
t the crust and these led to still other changes.

Mountains }

Valley’
i ™~

Surface rocks

Ty

Earth's core

. 4 Sea-Floor Spréa'dihg
and Earthquakes

Tins 1osource is

imed at quostions 1,11
through 1-14, ‘\ : '

You haye completed an exercise in which you plotted the
locationYof many earthquakes. Geologists have been colleet-
ing ar data for years and have compiled.the data as you
_ - “did wh¢n you plotted the carthquakes. Figure 1 on the next
. > 5 page isf world map showing the distribution of earthquakes,

, i | ' that the earthquakes are restricted to zones or belts
are not evenly distributed on the earth.

’

U1 In the region between South America and Africa, are
‘the earthquakes shallow, intermediate, or deep?

g,
2
[J2. How deep are the carthquakes that occur alo
‘western coast of South America?

- 3s. 'Identify two ot\xcr
. earthquakes occur. .,

7

ng the

{

areas where intermediate and;-’dccp
. o :
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Figure 3
EQUIPMENT LIST
2 sheets of notabook paper
Lape A
T bar maagmet .
2 magnetic FSmpassds
Red and blue pencils | '
"1 ruler \
had L £

PURPOSE- To exanae the e hamcs of.
0400t spreading L.nu.l the tésulimg effect of

earthquakes “ e
MAJOR POINTS \:
I Bhallow carthquakes follow 4 pattern

around tUie earth

2. The system of shalluy casthquakes eut-
lines the mud-ouean ndge system
3. One theory 1s that the earth’s crust is sepa-
tatad into plates that can spread apart or slide
together

4. According lo this thcmry,ﬁ'\ew crustis being
formod at the mid-ocea ridges and is
spreading away in oppo.ate directions.

5 At other places the older crust 1s sinkin

(3

- back into the earth.

.

1]
6. The eurth’s magnetic tield hasfreversed
several tines in geologic history
7. Magnetismanduced in the earth's % rust can

farm a record of the amount of spredding of
the sea tioor, .

19




Figure 1

$

Some of the* voleae mountans in  the

mid-ocean ndge sysiem are rather active The

269 inhabitants of Yiny Tristan'da Cunha had

- to fles ther 1sland in 1961 when the volcano
omn the sland erupted

20 RESOURCC 4

You should havc.noted'thdt there s a zone of shallow
carthquakes splitting the Atlantic Ocean. In fact, if you

, glance back to the map you can trgce the shallow earth-

quakes around the carth. This systeaf of shallow earthquakes
is known-as the mid-ocean ridge system and consists of a
chain of volganic mount\uns Shallow and deep carthquakes
oceur alonb the bodndaries of oceans and continents (such’
as South America and the Pacific Ocean) or between two
continents (Africa and Eutope).

How cap thig pattern of\carthquakes be explamed" On¢
theory that has been proposed states that thre earth’s crust
is scparated into plates that\in some places 356 spreading
apart and in other places aye tollidiig. The carthquakes
occur when these plates of cryst are separating or-colliding.

"1




According to the theory, gew crust is being formed at the
mid-ocean ridges and is spreading away in two opposite
(directions; at other places older crust is sinking back into
the carth. It’s like a great big conveyor belt. Figure 2 shows
» @ continent rifting and then the two Sggments drifting away
in opposite directions. New crust forms \and spreads away
from a central ridge.

f

»

Cbr‘mnen}

\

Trench ’ Trench

What evidence is there that the ocean floor is spreading
away from the mid-ocean ridges? To find out, you and your
partner will need a bar magnet, 2 compatses, 2 sheets of
notebook paper, and a ruler. -

4+ N
'

T tdesks are notefoaly movab  several books
prled mto twd even Macks may be used.

. hd - .

~
.

4

ACTIVITY 1. Tape together the 2 sheets of notebook paper,

as shown. Move two desks together so that they are touching. - '

Insert the two sheets of paper between the desks with the / )
taped end hanging down between the desks. Fold the left ~~ Taped end
sheet of paper so that the top half rests on the left desk; fold hanging down
the right sheet.in the same manner over the right desk. As- : :
sume that the Joined sheets of paper represent a continent

- before break up. RESOURCE 4 2t
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22 RESOURCE 4

VITY 2. Place a sma\i bar magnet next to the papers in
the groove between the two desks. Place two compasses on
each|sheet of paper, as shown. Turn the magnet around if
the feedle on each cempass is not pointing toward the mag-
net. The magnet yepresents the earth’s magnetic fleid, and
the compasses will be used to detect the field. Draw a line-
on each sheet of paper along the groove. This line represents

the gdge of the two contlnems vy
J

Ba caretul that the magnet does not slip be-
twean the desks and fall to tha floor. Many
good magnets are molded trom finoly ground
maqgnatic matorial and will break if droppod.
A small plece of tape can be used to hold the
magnet In pldv

ACTIVITY 3. Rift, or spiit, the supercontinent by placing one
hand on each sheet of paper and slowly spreading the papers
away from the center. Spread each sheet of paper about 3
cm from the rift line you drew. Shade lightly in red the area
of paper that you have pulied out from beneath the table. (This -
is the rift area.) Rift ‘ ‘




ACTIVITY 5. Turn the magnet around 180°, so that the end
that was away from the paper is now pointing toward the
Paper. Spread the continents as you did In Activity 3, but this
time spread them 1.5 cm. Shade i htly in blue the area that
was pulled out. Again, measure and record the direction of
the compass needle, as you did In Activity 4. '

Repeat Activity 5 two more times, -spreading the. continents
2cm the first tiie and 4 cm the second. Be sure to alternate
the colors, and also be sure to reverse the magnet each time.
* It has been discovered that the earth’s. magnetic field has
reversed several times during geologic time. Each time you
“turned the magnet around, you were reversing the earth’s
- magnetic field. No ddubt you have worked with a magnet
and ydou know that metal, such as iron, will be attracted to
a magnet. According to the sea-floor spreading theory, if
molten rock spreads away from the central rift- and if the
rock contains metallic material that would act like little com-
pass needles, then the record of the magnetic field should
be recorded in the rock.’ The little metallic “compasses”
would line up with the earth’s magnetic ficld judt as the
compasses you are using line, up with the magnet.

Figure 3 on page 24 shows a'diagram of the magnetic field
recorded in the North Atlantie. : .
- The ridge axis is in the center and the shaded areas repre-
sent rock on the-sea floor that records the earth’s magnetic
field as normal (same as it is now), and the white indicates
. facks with a reversed magnetic field. '

!
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[J4. Does the diagram ir? Flgure 3 resemble the model you
made with. the two sheets of paper" ;

" [35.- Measure the distance along lme AA’, from theridge axis
to the last shaded area @ each side of the axis. Are the two
distances aboeut the same? o

[]6. What does this tell you about the amount of spreadmg
on each side of the rldge‘? i
'Examine the drawihg on the two sheets of paper that you
worked with in Activities 1 through 5. According to the sea-
floor spreading theory, the Atlantic Ocean now occupies the
area between the two continents that you split apart. Assume
_ South America is the continent on the left and (Africa the_
_ - oneon the right. ' o . .
_ K? o v . \ : .
7 The age of the rocks s'autd ge: & 7. If you were to collect samples of rock at the ndge and
sively oloer, the fqdhcr they were ﬁvm at several other areas between the ridge and South America, .
e . Y what would you predict about the age of the rocks? *
Since the activity at the ridge is near the surface of the
‘crust, the ecarthquakes are shallow. As new crust forms, it
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Resources § through 23 are used in this
chapter. They are grouped. at the end of the
chapter In the following clusters- CluSter A,
§ through 12; Cluster B,,13 through 16; Clus-
ter C, 17, 18, and 19; Cluster D, 20 through
23.

The Mountains

EQUIPMENT LIST

1 sheet of white paper
Scissors
Ruler
Square of modeling clay
. " 1 protractor
18" x 7" Index card
Tape .
String .
_Wwaignt
Numbered rock samples
1 hand lens
1 needie or sharp nall

Suppose you were asked to guess where the photograph in
Figure 21 was taken. We're not so interested in the plac®
but rather in the general geologic setting of the picture. As

a clue, we'll tell you that the features you see are called ripple

marks,

LY

. R ‘-f‘-"é"\:"-'i§
.

T TRy

(8
<

'Did you guess a seacoast, a stream, or a lakeshore? All
. of these are obviously sources of water. You may be surprised
to discover that thé ripple marks you see are in the Rocky

- Mountains in Colorado! . - .
- Not only are they in the Rocky Mountains, but they also
~‘are not lying flat. Look at the complete scene in Figure 2-2.

. . The ripple mark surface is tilted! ' -

CHAPTER LMPHASIS

Mountalns are spectacuiar geotogic teatures
that have beun subjectad to forces trom within
the earth Making observations of both the
materials and the general appearance of the
mountains wiil enable the student to Intarpret
how they were formed and to make predic-
tions about their tuture

Chapter 2

MAJOR POINTS

1. Interpretations of geologlc phenomena
such as tlited rocks with rippla marks can be
made only after carefut observations.

2. The observation of a rock's texture will
enable tho studant to make Inferences about
Ilts origin.

3. Rocks can be classifled according to tox-
ture and composition: a) as having elther
Interlocking or noninterlocking texture or b)
as belng Igneops. sedimentary, or metamor-
phlc.

4. Most rocks are composed of only a few
varleties of minerals. This study Is limited to
a few sliicates, calcite, galena, and hematite.
5. A modal for the formatlve processes of
Igneous, metamorphlc, and sedimentary rocks
can be made by simulating the proceus In

the laboratory.

6. No single model can accoun! for the for-
matlon of all mountains.

7. The type of rock and general shape are
clues to the formative process of mountains.
8. Glaclers are investigated as an erosive and
sculpturlng agent of mountains.

Figure 2-1
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Figure 2-2

© Two pleces of equipment that are listed
here--the geology cutout block and the cli-
‘nometer—are constructed by the student, The
cutout block is made from a sheet of plain
white paper .and a square of modeling clay,
.. .. using a ruler and scissors, and following the
-, 'directions in Activities 2-1 and 2-2. The cli-
nometer utilizes a protractor, white Index
card, tape, a short plece of string, and a
* welght, such as a sinker. Directions are given
.- .n Activity 2-4, The clay square may be used
.. - by successive students as they get to the
L¥, activity, it standard dimensions are foliowed:
... - they can use their own paper cutout on the
-#... block. Likewise, the clinometer may be used
% repeatedly once it is constructed by the tirst
.. student. : .

Sy oA g = i dyad gt N
e A r LI
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We have two observations here, don’t we? First, we ob-
servg a feature that.was probably formed underwater, per-
haps in the gea but here it is high in the Rocky Mountains.
Second, the surface upon which the ripples are seen is tilted.
What does this tgll us about these rocks and this area? To
find out, let’s trace the history of this area very briefly, using
the observations we have. For this activity you will need.
a geology cutout block, a pair of scissors, a clinometer, and
2 colored pexgcils. N L '

~

—>3 h

[ s o e

1
1
'

-

ACTIVITY 2-1. Cut out the figure along the dotted lines; t?\en
within the ared marked by the solid lines, sketch in a“séries

_of parallel lines to represent ripple marks.

57
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B . ACTIVITY 2-2. Mold a square of clay the same size as the

Y~ areawlthin the solid lines and then 161d the paper mold along
A the solid lines and place the model on top of the clay—you
1 now have a geology-block model.

Papuor
model

N 4

—l Examine Figure 2-3, shown bolow. This is a cross-s
s diagram of the area shown in Figure 2-2. "
. Red

Ripple-mark
zone

Note that the ripple marks on the sida of a
Flgure 2-3 mountain are being used to introduce the
student to uplift. In other words, the student

F SR . arvin o isn't told that the rocks were pushed upward;
3 ! . Now return to you? gcology-b!ock model, rcmcmbcrlr_lg “an inference of this Is made based on the
e that you are looking_at one section of the arca shown in  “ripple marks.

Figure 2-3.

N S © Block flat

£ ACTIVITY 2-3. Assume that when the ripple marks were being
A - -~ formed, the water was washing over level land. Piace your .
B - bi6ck flat on the table with the ripples up, Look at the ripple. .
mark zone of Figure 2-3 and then orient your block the same
as In the figure. You me have to support your geology block -

with a book. CHAPTER 2 - -
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Possibly students will not conclude that the
ripple marks show that the rocks were once
lying tiat. This 1s fine. but thay should try to
come up with some better explanation of how
the marks couid have formed: on the rocks.

Note that the angle of tiit. or dip. Is measured
between the vertical string and the midpoint
of the protractor scale Most protractors do
. hot have the zero point In the center. so stu-
dents will have to count the dogrees In read-
Ing the angio. Soms may have difficulty in
understanding ‘why the angle measured from

the vertical is equal to the amount of it

measured from the horlzontal. A theorem in
geometry proves this to be true, but probably
the easiest way for students to see It is to have

. them visualize holding the clinomater on a tiat
surfaoe (gg tiit): the angie measured would be
0°. because the string would colnoide with
the midpoint ot the protraclor. Likewlse, If the
surface were veortical (maximum tilt) the cll-
nometer.would show an angle of 80° between
string and midpoint.

Count number
of degrees.

2-2. 20° tc 30" (This Is a good checkpaint to

see It students are reading the clinometor
~correctly. If answers such as 85° or 115° are

given, they are reading the wrong angle.)

30 CHAPTER 2«

-

PR w.‘-" »
i :

[L]2-1. Write in your Record Book a very brief account,
based on what you have just done, of what you think might
have happened 1n the past i the area of the npple mark

- Zone.

You've probably concluded that the rocks in this area were
once lying flat but now are tilted. Some force must have
pushed the rocks up from right to left on Figure 2-3. If you
return to your geology block you can estimate how much
it was tilted up. (If you took down the geology block, tilt
it again as the rocks are tilted in Figure 2-3 in the ripple
21ark zone.)

ACTIVITY 2-4. The tiit of the rocks (geologists call it dip) can
be measured with an Instrument called a clinometer. To make
one, tape a protractor to a 5"’ x 7* index card, as shown, and
then, from the reference point of the protractor, hang a string
with a weight on the end. .
) String -

L)

ACTIVITY 2-5. Place the clinometer on your geology block
and read the angle directly off the clinometer.

[12-2. How many degrees did you estimate the rocks have
been tdted? '

This angle is known as the dip angle and, as you have
found out, is a measure of how much the rocks have been
tilted. To move many thousands of tons of rock takes quite .
a bit of energy: In this chapter you’ll examine rocks in a
variety of mountains and attempt to determine how moun-
tains were formed, what they are made from, and what is

_likely to happen to them il the future.
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To find out more about mountains, let's start by examining
materials from the mountains. Select_ the, following rocks
. F from the rock kit in the supply arcaz\lumbcrs 03, 06, 08,
_ - 12,13, and 17, . R

'_ To begin your study, you will need a hand lens and a
4 teasing needle (a sharp nail will do). Your goal is 10 be able
to describe your samples and make a decision about the
texture of each rock. You’re going to discover that you can’
_ v tell a lot about a rock from its texture. Enter all your deci-
; siops in Table 2-1 of your Record Book.,

a hand lens. Hold the rock a few centimeters from your eye,
with the hand lens up to your eye. Rotate the sample in your
hand (in good light), examining the surtaces of the rock.

_ ¥ ’ ACTIVITY 2-7. First decide whether the rock is made of only
a single kind of material or component, or more than one.
Enter your decision in-Table 2-1. . '

4 S

S :r';‘ .

e ‘:,“_A'-*;‘ te :.“ e, . 2 ;
ACTIVITY 2-8. Focus on the way the components in the rock
are held together. Decide whether the components are non-
interlocking, or if the components are interlocking. Enter your

<+ ¢hoice in the table.

I )

ACTIVITY 2-6. Pick up a rock sample and look at li, using”

. .

g neotls, whieh can bo an ordunary largo
tesddfer o sty naal, 1s used Qg N8 jhLk
to loosen mdanadual grat vy, of matena! from
the r@uk sample | theso grains diftaer eplor
or other chiradtunstics, itls roagsonable to sSay
that tho samipi. gonststs of mote than one
kind of matenal

.

Y

At this polnt the students ¢an only make a
judginent on interlocking of components vis-
ually. Lates they will study other tactors that
ald In making the decision.
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ACTIVITY 2-9. For thbse rocks you decided were interlocking,
decide iIf the components are oriented in a given direction
, or randomly distributed’In the rock.

4
Saggple Number or Color Texture Arrangement
. . ¢ . . . .
D N Interlocking | Noninterlocking | Random | Oriented
SHY I (e S
N B ) PR /-
o ;: . - .;II_ ,: \,
. R R IR
. . "y . [ .

ted

Table 2-1

Students wha e carelul ebservins will

d

the fust tour +uupies (Qinass. pink gramta
gabbeo, And warble) fall in the intorlocking

group the otl.

¢ two sampleg (Congle mengle

and limastone e nonnterlocking m texturo

32 CHAPTER 2

Repeat Activities 2-6 through 2-9 for each rock sample,
entering each of your decisions in the table. When you have
studied each rock samplg, use the data to sort your rocks
into two groups, one with interlocking texture and the other
with noninterlocking texture. Take careful note of which
rocks are in each group. Later, after you find out more about .
how the rocks are formed, you will return to explain why
they have different textures. You have now described a few
samples of mountain rocks and have noted differences in the -
way they -look.

-
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Here are some of the questions that you'll be tackling next.

[112-3. a. How do you distinguish among igneous, sedimen-
tary, and metamorphie rocks?
b. How do these gocks form?
c. What kind of materials are these rocks made of?

After having studied the resources in Cluster A, return to

: : - . . . Ny [LLPER o I " P SN 21
the six rocks you studied and answer the following questions. SRR LA N e
[]J2-4. How do you think rocks with intertocking texture
ditfeg from rocks with noninterlocking texture in terms of
the™dly they are formed? Identify at least one mineral in
each of the six rocks and indicate, in Table 2-2 in your
Record Book, whether the rock is igneous, metdmorphic, or R e e b tleat ne qe.
) . L I T P R B B S LIV R SYELVEE U FYTS UY SN
delIncntafy. Seibens Hoe s anaed iy Wt how
. TV b S e e, e Bned and the
el gt e e b s e et them apout
) . AU o Choe L e gtees Th ot they
Rock Number -Mineral Type el Bl oo it ser et quekions
dad Cataplio bt D e :.lm‘.en;::\sly
05 r - ety T N by e e penournees wi.-;(.\,ly_
LY Mevcors vahi Shad Shieentsmay need Jo do
o cov bl il st e ones o thi, cluster. Ques.
. - 06 e Lot P and Ul e key quesd as: it wold
. -~ e tocher hanswer, o the Becord Book
. A . W onee it stidents are getiing the basie
- 708 £ . i v oaaitas - i ! ’
. 12 "’I‘\_\\’
) 13 C .
4 ; ~
17 ' .
Table 2-2
Pl - ——
¥ te -
-
~
~

. "Before taking a tour of the mountains irf
let’s get a genetal picture of the distribution of rocks in the
country and how they are associated with thestmountains.

» Examfine the map in Figure 2-4 showing the §ftribution of
flat-lying sedimentary, steeply-tilted sedimentary, and ‘igne-

~ -+ ous and metamorphic rocks. Compare the rock distribution
map with the map showing the location of the moyntains
in the United States (Figure 2-5). Using these }m’%ps,
answer _the following questions.

-

MOUNTAINS

the United States, = WHERE ARE THE

*

CHAPTER 2 33
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26 Powatiy 4l threo ke The upliftod [ 12-5. What kind of rocks would you find if you visited the

otk ware ety sesfuneataty but Lo S TN T N . )
antains.
My RAve\DC o motamaomphosed  Intiusaong of Appdld&hldll lountatn

gramte any other plutomess ooeur gloneg the : : . 9 14
Blurs RidgeN e valley and odge provinces | 1256 Are there any mountains i your state? It not, go on

corust entiraiy ol sedimantary rock (o question 2-7. What is the name of these mountains? What
' kind of rocks are found in them?

[.12-7. It your response to ‘3\6 was No, where are the closest
mountains?

(-]2-8: What kinds of rocks Would you tind there?

Figure 2-4

D e
N
"&

:] Flat-lying rocks A
[:] Steeply-tilted rocks

m Igneous and meta-~
morphic rocks

Figure 2-5
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Death valley, California .

Your first stop on an imaginary tour of $e mountainous
regions of the United States takes you to the lowest point
m the countty  Death Valley. An area 85 meters (280 feet)
below sea level may seem like a strange place to begin a

\ our of the mountains. But if you take a look at Figure 2-6,
you will see that some fairly high mountaigs surround the
valley. -

A Ctour™ of the mountamous reqgions of tha
Ubntdd Stati-s b-rtuns wath Death Valley. Ob.
SOIVAtions of Liyers iy (e mountams provade

< evidance far uphit, the w. dne-shaped form of
the: me intauns further SUgests bio.k faaiting
Studenty nuiy lave ta refer back some of
e resources w: Cluster A to: help m answer-
g the question:, ot they will be specifically
tetgrred to Chuster C

s

, Figure 2-6
Notice how steep and rugged the west wall of Death Valley N
looks. Piles of sediment, apparent in Figure 2-6, fan out at
the base of the wall, and Aou can see patches of light gravel .
- . On the steep fan-shaped formation in the center of the pic-
ture. If we examine the fan more closely, we can observe
some features that may indicate that active processes are L "
‘occurring in the area. Figure 2-7 is a view of an alluvial fan
(sand washed down from the mountain) on the west side of
Death Valley. Look closcly at point A, There appears to be -
a line running left and right from this point. -

(J2-9. What appears to have happened above the line on
the fan? -

& >

LN o
CHAQTERz 35 .
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Figure 27 Now look back at Figure 2-6, the west wall of the valley.

Locate a zone of layered rocks.
2-10. The :novement must have been upward. 9. e . ) . : : >
Layered rocks form honzontally, so titmg m. L2710 Based on what you know dbn}lt the formation of
dicates uphft layered rocks, what does the position of these rocks tell you
about the probable movement on the west wall of the valley?

Figure 2-8 shows a general view of the Death Valley area.
Once again, notice how steep and rugged the_west wall of

~ the valley is. Then check the steepness of the back side of
the same mountain. Notice how many other mountai'n,s$ in
the Death Valley area have the same wedge shape (see point _
A in Figure 2-8). Use Cluster C for help. *

[(J2-11. By what process did these wedge-shaped mountains
form?

“ (J2-12. Explain your answer to question 2-11; using one
36. CHAPTER 2 model for uplift of the' carth’s cxust.

t
?

v ,

.
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Slerra Nevada
Dsaath Valley

Paclfic Ocean

Weight of sediments

LY

Mono craters In Californla ~ v

About 320 kilometers (200 miles) north of Death Valley ..’ e e e e

1s a set of mountains that looks quite different from the ones  teal itark d ot o Mon o 1 e Ve
you've looked at so far. The Mono craters are a 8ro’up of  Thwer el e dre exle e tod sk,
about 20 domeg, several of which appear in Figure 2-9. A

single Mono crater is shown at A in Figure 2-9, while a trio

are shown near B.

DAL Conie G ViU atesm

Figure 2-9
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Figure 2-10

210 CLUSTER#B

you will notice that the dome contains a shallow hole at the
top. . )

AN e v

R 4 "
. * 3y

~ AP

\.'/n'll# T'H /[;z“\\\\ ;\ <
,,_‘,;m!\lnu \\\\\%\Q

Specuien 1.0_1:. thyolite, a fine graimod agoe-
ous tock caliod an extrusave, meanuwg that it
was futinud above growd, ‘

In the supply area are some specimens (number 10) of
rock like the ones in the Mono crater arca. Examine one
or more of these carefully, and refer to Cluster B.

3] » )
[(J2-43. Bascd on your knowletlge of rocks, what clue does

‘the texture of the rock give ygu as to the origin of the rock?
I

(J2-14. Based on the shape of the features in Figure 2-10
and the kind of rock samples you have seen, how do you
think the Mono craters were formed? ’
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Examine Frgure 2-11, 4 photograph of Mount St dtelens
i the state of Washington.  Noticé  that  this almost
3.008-metei 10.000-foot)-high grant stands well away froh .
any other mountain and is rather cone-shaped.
112-15. Do you think Mount St. Helens was formed 1 a PV e g e
way simular $o the Mono craters? Explain your answer, R ULEIR Y

[ TN e T g by T

Coverdig Bt b e oy
Stone Moun'Sin. Georgia S - N R A R N T

e e i ok
One of the most interesting mountains in the cpuntry lies.
Just outside of Atlanta, Georgia, and is called Stone Moun-
tun (see Figure 2-12). This 200-meter(650-fpot)-high hunk
of once molten rock is surrounded for mifes in all directions
by rocks that &cblogist.s believe were originally formed in
Wwaler but are now metamorphic, '

,

S - . S L TS TV S
s . Ve YN ity
ARk

e : . .. B .
The rocks that make up Stone Mountain are ‘quite differ- : g
ent in appearance from the rocks you examined from the 46 i e Lo o aeks 5y the Mono
. . . . . . .. . PRl e £ e surhice
MO“O Craters' ln the Supply area you WI“ ﬁnd b‘unplLS Il"_‘m"ll)')ll(:ll Bt ial) weinie the fih-m-.MOun- .

(number 07) of rocks like those from Stone Mountain. Comf_' Pl qcnente) e e decp within
pare these sampljs with the Mono, crater rocks, UL e ey pressate. aod with

Figure 2-12

42" BRI LN | l.\)('n!":ll

» [J2-16. What do the differences in these rocks tell you about 7 . I
- how and where the Ston¢ Mountain samples were formed? CHAPTER 2 89 '
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0 1241711 the racks -tiom Stone '\luunl.un were lormed .
\ thhm (the crust, how can youlexplain the fact that they are
e exposed at the surtace, and are higher than the surrounding
RIL) GRELI .!ﬂ:li('iif.};‘ rocks? Cluster B will help with theexplanation.
S . . )
CHECKUP

Here ds a sketch of the roadeut shown in the photograph
in Figure 2-13. The light-colored rock 1s sedimentary, and the

, dark-colored rock is igneous. Bused on the resources in Cluster
‘C answer the following.

1. How did the dark-colorcd rock get where it is now?

2. Which do you thmk is oldc the sedimentary rock or
the i igneous rock?

AL e
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Ridges and valleys of the Appalachians

As the map in Figure 2-14 shows, the Appalachian Moun-
tains extend over much of the castern United States. Looking

closer at the mountains (see Figure 2-15), three zones can

be adenutied as follows: cone A, the Appalachian plateau
consisting of flat, gently ulted sedimentary rock; zone B. a
series of vidges and valleys trending toward the northeast:
and zone C, metamorphic and 1gneous rocks, forming the
Great Smoky Mountains. Farther to the cast, the Piedmont
and coastal plains ate encountered. ' ’

r

¥

a % -
Buftalo, N.y. -

l

Let's focus on zone B, the ridges and valleys of the Ap-
palachians. If you were a geologist #ying to judge haw ridges
and valleys were formed, you would have to travel over a
wide area.-Figure 2-16 has been drawn to save you time.
This diagram shows some of the ridges and valleys, as we]l
as' the rocks,’ in Cross section. .

14

Figure 2-15

SRS B

41




Figure 2-16

14

e e ra e, n -J2-18. Explain and describe a process that will account for
I RRC LU PRI - the series of ridges and valleys shown in Figure 2-16.

SEARCHING FOR _ In Chapter 1 you studied several m8dels that dealt with
A MODEL  uplift of the earth’s surface. In this chapter, you studied
‘ several types of mountains. Table 2-3 summarizes for you
s:...':.--.l:.-; P e coo Witk 1o information about each mountain that you investgated.
|
(S T 3 B P L S T 18 ST ST 1) apliticng Tlhey .
lookd at e conliac - vheked el Types of Origin of - Shape of

og whore seakieon oo 1 et torm o thie .o .
G N ‘ oot Rocks Rocks Mountains
Crunst oecaause of shiaes o) Pery oxan, and

the Seaticar « el oo i vath reneing
uphtt, carthau ke and olcimeces. Ars of Block-Fault sedimentary marine - linear;
thase: couded e g to 00 caphain e b De:; . . e .y >

; : eath Valle and deposit wedge-shaped
Tormaliom (o sdrogy 2419 3 ( . ) metamorphic } poNig & P

. <

Mono craters igneous cooling of
' . molten
. . material at
the surface
of crust

e

Stone ignepus cooling, of
Mountain . molten
material

‘ , beneath the
. crust

Valley and sedimenfary marine linear;
~ Ridge of S deposits folds
Appalachians’ ‘

Table 2-3 |

. - t
(J2-19. Do any of the models you have studied help you
. explain how any one or several of” the .mountains listed in
- 42 CHAPTER 2 -Table 2-3 might have been formed?

-




Removing the mountains -

Mountains don't st forever! Up to this pomt. you have
been concentrating on"how the land is uplifted to form
mountams. Let's mahke a slight departure and see how thev
are cut down and sculptured. Much of the vaviety that causes
mountains to be soawce-nspiring was caused by (he .scli]pttlr-
my of already uplifted materials. One way that mountains
are sculptured is by glacial action. Take 1 look at Figure 2-17.

L 3
¢

Notice how many sharp ridges are in this portion of the
Canadian Rocky Mountains, Notice also the U-shaped val-
leys, the many bowl-shaped basins, and the almost complete

-absence of flag surfaces. This kind of landscape is fairly. -
“typical oF areas that thave been carved by glaciers-~mov-
ing rivers of ice. In fact. the remains of what was ‘probably
once a much larger glacier are shown in the center of the
photograph. '

[12-20. How does a glacier sculpture mountains? To help
solve this problem, you might use Cluster D and consider e -
the, tollpwing questions. ) ' SR SRS L SRR E Pl

(12-21. How are glacicrs made, and®how do they move? CHARTT I 43




[(]2-22. How are glacial features, such as U-shaped valléyx,
bowl-shaped basins, glacial lakes, and hanging valleys,
created?

SUMMARY Well, if you've done good work, you've learned a great deal
about the way mountains took on their characteristics.
You've also had a chance to think about forces that are acting
upon mountains today.

Yodng °
- mountains

SN

Aountainerr, . RM: 7 Faul ! £
)M« —Jnountalns 4}9’5 e

To find out how well you've done your work, look over
~ . Figure 2-18. You will recognize this drawing as part of the
WH © KIN- <7 overview. sketch you saw before in Figure 1-4. On the draw-
POVATARS 00 ing, you will find examples of jyst about all the kinds of
THESE LOOE UIKE? situations you've looked at in this chapter. If you've worked
e well, you should be able to give reasonable descriptions of
the way each type of mountain in the picture was formed.
You should also be able to identify the forces acting upon
each kind of mountain and to predict what changes these

.will produce in the future. '

Figure 2-18-

Before going on, do Self-Evaluation 2 in your Record Book.
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CLUSTER A

(Resources 5-1 2)

UtV BOJT
bOMLTHlN" ON
o THE RVCKS?
,/ .Mp‘(‘l"(}'o )/

.

1 el o st

1 o o
The properties that a rock has are a result_of how the rm!k
was tormed. Thus, in this resource you will make careful
observations of rocks in order to determine how they were
formed. In doing this, you will then be able to tell if a given
rock is sedimentary, igneous, or metamorphic.

Go to the supply area and pick up a kit of mixed rocks,
a hand lens, 1 bottle of HCI, and a steel nail. Before working
through the activities that follow, predict which rocks you
belicve were (1) once molten and then hardened, as they

cooled, or (2) once sediment but then cemented together.

Make separate lists, ysing the number on the rocks, and then
at the end of the resource 'you can check to see how good
your predictions were.

Listgd below are a few simple tests that will help you sort .

the «#Ocks. Read the tests first so that you understand them.

Then sort the rocks into three groups according to these tests

and the sequence of numbered questions that follow.,

-

Rock Tests

Texture test: Determine whether the specimen (1) has visible
_ compionents (minerals) that are held together in an interlock-
mg fashion, (2) has visible components (mmerals) that.are
~ held together by a cement (noninterlocking), (3) laoks glassy
and is very smooth, (4) looks frothy and has lots of holes
~in it, or (5) has a very fine-grained appearance and seems
to lack minerals.

MAJOR oyt

T Hock s Dy e g 1ar u-\tl)y [CERTICE IR REIN N 911
texture, cotpgeralion e, woleay Lo
chenucalbs, .
DAV et o (o bae b
Cheut rock o abess el well Tena o dea-
VI

i 4.0
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Note the reference to Hesiource 11 1n this
same cluster, titled ““ldoentitying Rock-torming
Minerals.'* This resource usus the kit contadin-
* Ing 12 minerals. and other aquipment Cau-
tlon students about getting the rocks and
minerals correctly saparated after they are
fthrough using them, and In geting the other
materlais back to supply. before going on.

- You should caution students h)out usmng rea-

- dilute, It I8 corroslve and can damage clothing
and other materlals Rocks (and hands)
should be washed upon completion of the
test. Note that if bubbiling occurs, the rock
cannot be Igneous.

-

sonable care In handiing the acld. Although®

(

Compositton test: Fook at the nunerals i the specimen and
try tovidentify as manyv minerals as you can. The most com-
mon minerals you will probably sce are quarts, feldspar,
mica, caleite, and hornblende. If you can not identity these,
do Resource 11

Fossil test: Look for fossils in the rock. They may be in the
form of small shells or muprints of leaves.

Chemical test: Put a couple of drops of HCl on the specimen
ard look for bubbling. Be surc to wash the specimen with
water when you are done.

Pick up a specimen and write down its number. Ask your-
self the following questions and write down the answers as
you go. If your rock fits the deseription of any of the items
that aré preceded by asterisks, then you can make a decision
on the specimen at that point. You won't need to go any
further in checking that specinien. When that happens, pick
up another specimen and start with question 1 again.

l. Is the rock made up of visible minerals that are inter-
locking? If the answer is Yes, it cannot be sedimentary —go
on to item 2 in this list. 1f the answer-is No, go to item 7.

2. Are the mincerals of the same kind (same color, about
the same shape, same hardness)? If the answer 1s Yes, 1t
cannot be igneous—go to 3. If the answer is No, go 0 4.

*3. A rock with crystals of all the same kind is probably
metamorphic. .

4. Are the minerals of the different typos. distributed in
a uniformly mixed pattern like the one shown in the sketch
(each number represents a different kind of mineral)?

If the answer is Yes, go to 5. If the answer 1s No, go to 6.
*5. A rock with different types of minerals in a uniformly
mixed pattern is an igneous roek. -

‘

v

*6. A rock with difterent types of mincrals arranged in
stripes or bands is metamorphic rock.

* vy .

75.
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7. Is the rock frothy (full of sm
is Yes, go to 8. If No, go to Y.

*8. A rock, with lots of small holes, that fooks as though
1t has been full of Bas at some tme is an igneous rock
tformed by cooling a gassy lava,

9. Is the rock Blassy (like a picce

of colored broken glass)?
It the answer is Yes, go to 10. If

No, go to 11.

*10. A dark, hard rock that loo
igneous rock ‘formed by fast coo
a volcano.

ks like glass is probably
ling of a lava flow from

Ll Is the'rock made up of strong, flat sheets that look
as though they will split oft into slatelike pieces? If the
answer is Yes, go 8 12. If“No, gO to 13.

*12. A rock that splits ¢
bly metamorphic. The
sure. It used to be se

asily into thin, flat sheets is proba-
splitting has been caused by pres-
djmentary

all holes)? It the answer

Students are somebmes roluc,
Step-by-step me
what another o
them to devoio

it to use the
thod and may tend to accept
tudent has found Encouraqe
p the technique for themselvas,

- It fossils are preseny, they .
are probably squashed and flattened. .
13. Does the rock CORtain casily recognized particles, like _
fine silt, sand, or pebbles, cemented together? If the answer
1s Yes, 80 to 14, If No, go to 5. Table 1
[T, ':'-'-'..2:‘?'"3 . -:-; e ‘.m‘-.)._‘ _.,..7.7‘.",.. -....o_m}“t{\- B A e . B . .
. RN e LN - , e : ) b 1
e ailderd A S . ) Rk R Do .
i’{:\ R Togpilits [ 15‘{53 Scdxmcntary' “.?im .~ Igneous Metamorphic .
. \h\:‘.- \:\&: \Q’:‘ -

ATIETA
Y, #“’" i

B Interlocking; -random ‘

“distribution; size of AR
L. minerals ranges from':; .
] - glassy 10 large. grains, |

Interlocking; random

and oriented distribution
in bands or flakes; size :
ranges from invisible B
8raius to very large grains.

L]

¢{ ;. Usually contains quartz,

By

Wi |34 feldspar, ‘mica; sometimes

b2 *hotablende, olivine, =+ |-

Minérals may be quartz,

- feldspar, mica; some _

contain garnet or calcite.
\ .

If fossils are present, they
are usually squashed. or -
Awisted.” %L
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EQUIPMENT LIST

List of itoms mn text, plus the fullowing.
Paper towuls

Burner tue!

Rock kit (16 samplos)

Note that it tast-tube racks are not available,
they may be constructed from a quart mulk
carton, or another baby-tood jar may be usedd
to get the test tubes in. ’

PURPQt.- To wi.nulate the outpouring and
the intMusion of (nolten rock in nature.

MAJOR POINTS

1. The tate of ci-oling of molten niaterial has
an effuct on the texture of the sohd that 1s
formed.

2. When malton rock torces its way into
cracks deep ui tho vagth, it s called an intru-
sion.

3. When some substances are coolaed vory

rapidly. crystals o not have time to torm, and
a glassiihe taxtulw results.

"1t a cork boror 1x available, a quick, neat job

can be done Bure a hole all the way through
the cork Then cut a plug about | thick from
the core that w.as removaed. and use this to

“ingert mto the hottom of the ‘hole. A smuall

piece ot tape across the end will seal it fur-~
ther.

\\

“14. A rock made of s\j sand, or pebbles cemented to-
gether s suiunuu.ax) It may have fossls. You can pmba-
bly see the layering in b““d) specimens.

I5. If you have come this far, you have a specimen that
1s difficult to 1dentify. It is not igneous. It may be sedimen-
tary or metamorphic. An expert is needed to sort this one
out.

Check your answers against Table 1.

6 How |gneous Rocks
Are Formed

Igneous rock is rock that was once molten and that crystal-
lized as it gooled. Some igneous rocks are made-of very small
crystals, ard others are made of large crystals, but most.are
made of crystals of different sizes, colors, and compositions.

To be able to understand how igneous rock forms from
molten rock, you can simulaté (imitate) the process on a
small scale. You will nced the following items: -

.

| test-tube rack
3 test tubes
1 alcohol burner
1 test-tube holder Naphthalene flakes
large corks Sodium thiosulfate
t metal or glass surface Sulfur >
inum foil, window glass)

1 baby-food jar
1 knife, cork borer,
Or SCissors

ACTIVITY 1. Usin knife, cork borer, or scissors, carefully
dig out the middie of a cork to make a well, as shqwn In the
diagram. Prepare three corks like this and label them A, B,
and C.

|

About 4 cm

About 2.5 ¢cm
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ACTIVITY 2. Get 3 test tubes and Iabe| them A, B, and C.
Put about 5 cmof naphthalene flake_s into test. tube A.

thiosultate Into tube Q and of sulfur into tube C.

ACTIVITY 3. put about the same amount (5 cm). of sodium

Sodlum
thiosulfate

ACTIVITY 4. Very gently heat tube A until the naphthalene
starts to melt. Then take the tube away and shake It gently.
Heat a little more and then shake agaln. Keep doing this until
all the naphthalene has melted.

)

L N TR TN vhem b, and PrOpet
L Rngere ot handdteg  qng wuthineg  with
thesm Ayonag nthie g Ay ot they sa.
shancen  Aqe ety gLiices avalablo? Thy
plaregs, of 1 wehhaless Lath ¢ the), Lodiam
Poosultate iphoto Waplieer ™, hiypoas) ang Lultyr
My b tewsed atten they have bevn inapected
by the sty ey, e 1o up and rehaeat oo
er tont qube. g heght Le wisie to Fave 3
baby-food s, Libeled A aphth.alune
"B sodiam noantate " g "{e.ulmr." o
Ahich the st nle, ¢ oni put the usad chamg-
LAl Care sheuld be tikers o avard mang.

.

The paphithai, . tumcy may qet tog strong,
expecially it he Ll e averheated (melting »
POt B8O C. bilicg bon.. 5187 C). You should
probably plan tor adequte venti.ation m the
room In the ca.e of wltur, it 1 g heated
ehough to bad (or butn). ot can arive you out
of the room

RESQURCE 6




§ ¢m ot tha powdered chemical may not be
envugh to 1.1l the well when 1t i1s meltad More
can be added’atter further multing without
doing any harm.

-
e

1

One of the difficulties with these activities i$
an adequate cleanup -of the equipment and
the area. When pouring into the cork, 1t would
probably be wise to have paper under it to
catch spills. Because both naphthalene+and
sulfur are insoluble in water, cleaning the test
tubes may be troublesome. A little burner
alcohol In the tube will help loosen these two

materials. - -
. I'd

PO

50 RESOURCE 6,

ACTIVITY 5. Pour part of the melted naphthalene quickly into
the well in the cork labeled A, just fillin e well. Put the
cork aside in a safe place where it won’tg: knocked over.
Look at the top of the tiquid every few minutes or so, but don't
move the cork. )

ACTIVITY 6. Support the piece of glass or aluminum foil on
a paper towel. Now pour the rest of the naphthalene down :
the gently sloping glass or foil.

Y

Repeat Activities 4, 5 and 6, using the sodium thiosulfate
and then the sulfur. Try not to use all the sulfur from tube
C. Set tube C aside after these activities. Meanwhile, keep
checking on the melted materials you poured into the wells
in-the corks. S

Now carefully compare the structure of the materials you

poured onto the flat surfaces with the materials in the corks.

ACTIVITY 7. When the substance in each cork.is completely
solid, cut the cork in Half with a sharp knife.

]
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What ditlerences do you observ
cooled by pouning down the glass and the substances cooled
by pouring them mio a well in"a cork?

You have Justcarried out 4 .simulu(iun.cxpc’xﬁncm. Pour-

ing the molten material down a cold sJope is somewh
lar to what happens when |
surface. Lava, however, cont

at simi-
ava pours out onw the land
ains several difterent chenucal
f‘)cndmg on the minceral composition,

The liquid in the cork simulates
torced its way intoe

substances, and its lemperatyre is about 0-1100° C, de- -

molten Jock that has
racks deep in the crust, The surrounding
rock acts as an insulator just as the cork does and preyents
rapid loss of heat. A body of igneous rock formed in, this
way is called an intrusion, , _ , :
Sometimes the lava in contact with the cold rock at the
margin of an intrusion is chilled more quickly than in the
center, T
Look at the substances in the corks you have cut (Figure
D. What differences can you see in the strueture of the
matenal next to the cork (at A) and in the middle (at B)?

ACTIVITY 8. Now get test tube C with the leftover sulfur in
it. (If you used all the sulfur, add about half an inch more.)
Heat very gently as you did before to produce a pale golden

liquld. Have a beaker of cold water ready. Pour the fiquid
sultur Into the water.

Heat gently

Pick the lumps of solid sulfur out of the water and look
at them closely. Compare the structure with the sulfur from
the “intrusion” and from the “flow.” These differences are

v

‘ | .

¢ between the substances”

Sludents, - should

Side the cork with slower couling

Sultur melts at a temperature of 14 5¢ C.
forming a pale-yellow. tree-flowing liquid. 1t
heating is continued, 1t becomes thicker and
Mmore viscous and s poured from the test tube
with dithculty. 1t changes color to reddish-
brown and then almost to black as tempera-
ture increases An entirely different structyre
will result if thg darker-colored sulfur is sud-
denly cooled.

RESOURCE 6 51
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formed by rapud cooling on the glass or torl
© g much smalled then those that tormed in-
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very similar to what happens to lava. It Lava pours out under
the sea, it rolls into lumps with a glassy-looking surface. It
it pours out onto the land in thin flows that cool very rapidly,
itygay form a glassy substance.

. Ifur does not really form a plass, but the very rapid
cooling does not allow crystals to form ggoperly. When this
sort of thing happens to the silicate minerals in lava, crystals
cannot form; therefore, a ghass is formed .instead.

Get the rock kit and select the igneous rocks from it. (You
should already have done the resource on distinguishing rock
types. If you have not, stop here and do the previous re-
source.) Compare the different types of igncous rock. What
differences can you see in the colors, shapes, and sizes of
crystals? Can you predict whether each rock is from an intru-
sion or from a flow? '

A simulation experiment is often a useful device for help-
ing to develop models of processes -that are difficult to ob-
serve. Geologists in the field can add other evidence to that
from simulation experiments because there are active vol-
canoes in existence. Freshly cooled lava flows from a new
eruption tan be examined and compared with much older
rocks. -

L}

f1AJOR POINTS

© 1. The setting of ditferont kinds of particles

. at ditterent times could form layered sedi-
ments. 7
2. Chemicals can’react to form a layer that
behaves like limestone

. | .
The Formation of
3. Particles of digerem sizes settle at different Laye rEd Sed i m ents

speads,

4 " g % .
. . PURPOSE: To examing some ways that lay-

ered sedunents cduld form.

ARE MY | e\ FIKST g‘»ﬁﬁﬁ:

DEPOSITS

GUARANTEED? | ) ‘ GEOOLOGY
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 THEE -berauso of the commonnosy of this type of ~
<, R YOU IOy want to ene ousgge nhidents to

i i . . by . Porng o saahiohes ta T oo abea T e gngt
Whether you are at the seashore, in the mountains; & ong e e "
the plains, you are likely to find rock Qutcrops like those

MUEMENY 1
shown in Figure |. The outcrops all have ane striking feature

tevt tubes

in common. Take a careful look at’ Figurcs 2 and 3, too, and “topper

. 1f “ve 1dennts » . . at . . . . .o bLaby togd @,

see lt you can ldtntlry thL ‘fcdturﬁ lhdt dll, lhlLL J’h(u()grdph.\ I ' tni crushedd white chatk
have in common. It is a feature that probably came about !, 1) crushed colored ¢halk

in roughly the same. way each time.

P, sand
{spp silt

L~

i 0 o3

P e

Ya Tt W

Figure 2 .

L d

" Figure.3

I
» 2

4

1 tep sand-silt mixturg
"1 plastic teaspoon
1sp. calcium ehloride
L tap. soduum carbonate
2.-droppers

1 drop HCI (0 5M)

1 pece of glass

1 thiter-paper disk*
Rock kit (16 samples)

7
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To try to get some clues about the formation of tus feas
ture, you can dosome simple experiments. You and your
partner will need the following materials. 3

* 4 test tubes, with .1 plastic teaspoon
stoppers ' ' .
2 baby-food jars I bottle of calcium
: _ - L chlornide powder ™
3 . -7 S0 ml water I bottle sodium carbonate
1/ 2 Theo whate,and colored crushed "qndlk the ' , powder

sand, tho silt, apd the sand-silt mixtire co cdg Lt crushed , o
1 be'put 6 the supply table 1n S4abuted™d 3 Wp crushec ' 2 droppers
tood jars. StuoEnis coulgd men take the 1e- chalk (white)

* quired amuunts () tehspoon, | tedspoon) jo } . . . NI
" therr tgLies en galt piaces o &rp@ Y would &1; ~crushed . Dropping bottle of HCL
© = halp 1o have ‘a diMerent spoon wnq oach sub- : Lhalk (tolored) '
- stance It this 13 ot pdsgb}e the - spoon Cox tsp sand

shquld ve cleane?d ", « TR R .o

MY >

T

I watch glass.or other
prece of glass

<4 tsp silt , :

1 th sand-silt guixture 1 filter-paper disk

.'a
. -
. <.
LI
‘~o'.
.

Students may find 1t easier to crease a small
prece ot paper and use it to. dirggt the sub- ~.
stancés intd the test tubes. It.gouls save splil-

. age and.the reSulwg mess. .

A TR T | T R e A U - A At A I P 1T, A e T e Ty
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ACTIVITY 1. Fill a test tube about haif full of water and add
about 1 7 teaspoon calcium chloride. Cap the test tube and
shake lt to dissolve tt‘e calcium chloride.

v

o

-

ACTIITY 2. Stand tire test tube in ‘a baby-food Jar. on the

. tab'le. Remove the stopper and let the.water settle. Now take

3 teaspoon sand, hold It overthe bottle, and tap gently so

ihat the sand gralns 1all slowly Into the water in thf; test tube:
Keep tapplng until all the sand has gone.

¢ e v me——

,".‘8 .
3
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ACTIVITY 3. Using the same test tube, carefully adq ) tea-
isturb

Colored
Répeat the process onee

more,
Allow it 1o seltle

for about two mir
st in the same way.
the side, without disty

using the white chalk.
1tes and then add the
Now 1ook"into the test tube through
rbing it. What do you see? ;

Sodium Carbomate 1s w
AMount of the Eolution
vieaming agent for the t
glassware at the conclusion of the activitic -

T . Sand, chalk,,
1 inch water . : and silt
and sodium

carbonate

1
process—nparticles set

tling in water—form lay--

? What evidence would you
. hephotographs tq confirm that this
*process caused the laye : S

1s to form? - N
' In the experiment Just, completed, you selected different:
~ kipds of ; , you used a chemical reaction to pro- _ ,
" duce-another kind. of particle.&s{’s take a closer look at the B
chemically ‘formeg Particles, -~ W - RESOURCE 7 55
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Sodium ACTIVITY 5. Put about an inch of water into a third clean test

carbonate tube. Add about a ; teaspodn caicium chloride. Stopper the
tube and shake It until 'everythlng dissolves. Make up a solu-
tlon of sodlum carbonate as you did for Activity 4. Add this
solution to the calcium chloride solution.

ACTIVITY 6. Naw fliter the mlxture'you have made into a

/__ Caiclum baby-food jar. :
hioride | ;

1

It hiter paper Is available, fine. But a paper
towel, cutin a 5 circle and folded so that It
forms a gone, will work satistactorily.
’ .

-

1

\\

»
T e ¢ s 2P e e o -

ACTIVITY 7. Scrape theopart_icles oft the filter paper onto a
small watch glass or other piece of glass. That which remains
~ on the glass Is the residue. ' ‘

The restdua, for ydur information, Is the prbd— ’
uct of the chemical reaction-between caicium
- . ¢hlonde and sodium c¢arbonate:

CaCl, + Na,CO; — CaCO,| + 2NaCl!

As you can see, the liquid that pasded througﬁ
. the paper contained salt.

gn:“
:
3
¢
&

L g g,

-

e




. . .
CTRIN

“changed into rock?

.;i

ACTIVITY 8. Using a clean dropper, add one drop of hyde-
chloric acid to the residue. '

v

-

What happened when you added hydrochloric acid to the
particles? You will find Lgat some of the rock specimens in
the rock kit will also react in a similar way with hydrochloric
acid. These tocks are called limestones and contain ¢a Clum
sarbonate, the same chemicyl contained in the particles that
scttled out of the solution jn Activity 4. Some limestones are
thought to have been tormed by the settling-out of calcium
carbonate in layers. '

Get the rock kit and. find out which specimens react with
hydrochloric acid. '

L4

ACTIVITY 8. Take your fourth clean test.tube and fill it about -

three-fourths tA| of water. Pour about 1 teaspoon of theé

. sand-silt mixture Into the test tube, Stopper the test tube and

shake it vigorously for a few secongs. Put the test tube into

- the jar and let the cppteﬂs settle, Caretully observe what is

heppenlng. v S

 What do you notice about the rate of settling of the
different-sized particles? .

Fhese simple experiments.and the _C\?ianCC in the rock
specimens glve a few clues th layers might be formed from
particles settling vuat froLn wateri\‘ but how are these layers

You can get some more clues by doing the following re-
source, “How Sediments Harden into Rock.”» - . °

S « .

v .

The students are toid to get the rock kit ang -
find out which specimens rgact with HCI. if
they have done Rusource 5 (which they
should have), they have already made the test -
and can just refer to the resuits ip that re-
souice. )

Water (% full)

- 8
T

4
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MAJOI POIN T

1 D
offect un laywrs of Sadme.

2 Cartain minceals, ke ¢ e,
can cause Dy eacd sedoner Lo
varying amounds

solvad monenals coaor e o cenet g

wonds of o

Any flat dish ca s bopsed o s 3 et does at
have a hp or ririges to pree ont the hardennd
lawyer from lm-~u remove. 1 oromstance
plastic potrl de hworks we 1 Lt Bacaaee ils
diameten 1s gbout twico te Lol s:u{?_».u)m L,
twill taquire anout 4 tene e moch mate nal
(2 full teaspuuns of cher it mote Sand)

L GOl x
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8 How Sediments
Harden into Rock

Sediments are deposited i the form ol Livers of particles.
Fhe partieles momost lavered rock have properties that show
they were once sediments deposited mowater. But how do
such sediments become hardened mto rock?

Since the water i rivers and i the ocecans contiains many
dissolved nunerals, perhaps these nunerals have an eflect on
depostted sediments. To study how dissolved munerals can
affect sediments, yourcan try the followmg expermment. Go
to the supply area and get the following ttems: ‘

3 paper cups

I teaspoon

Fre sand

Ferrous sulfate (a soluble compound of ron)

Ferrous ammonium sulfate (a soluble gnm}'mund of ron)
- SCISSOrS

ACTIVITY 1. Get a paper cup‘and cut it off t6 make a small
flat dish about half an inch deep. Fill it about halfway with
water and add about ; teaspoon ferrous_sulfate. Shake the
dish until thé FeSO, dissolves completely.

ACTIVITY 2. Now sprinkle fine sand into the water. Keep
adding until wet sand almost fills the dish. Shake the dish
to level the sediment and then set it asige ina warm safe
place until your next class. %

4




Repeat the “xpeniment. but this tme use ferrous am.
wonum sultate as the substance o be disolveld

Aboset up atind expeniment, using only water and sand.
without anv dissolved nuneral.

cilo What s the purpose of this third cxbcrimcntl’

-

Smee it will take at least a day for the sand o dry out,
you mught ob on to the next resauree, “Sedimentary Rocks,™
vou stull have elass time lett. When the sand has completely Nt te . .
| A . I L T I LN R R T dedrop o
dued out, remove it from the paper cup, and compare the el paper Cup (an g Contandn) e

. . hd ! Lo te .. TN [RIRE N H . Ny i, M
results ot the three experiments, : ML e e ot ey S e
A .. vcaby otherom the Yhead iy tes Sadents

.~

. honid a0 - hal L to, Coetttanen. thay
(2. What do you nonce? PR e C e et T e
. ‘ N : . . VR wader g e ariy (e cont H) diet nat

.

el at AN G y b ,u'nn:(' o (:h.mg-: n
[n-this expermment, the presence of a dissolved iron com- oo with s Chemedaly

pound in water causes a cementing and hardening action on
the sand particles as- the deposit dries outs You may cven
have found that your depasit changed to yellowish color,
[ron compounds hap been adentified as the cementing
agent i many sedimentary rocks, and the yellowish or red-
dish color ptmuany sandstones is due to the presence of such
compounds in_the cementing material, X
: This experiment SHggests at least one way thay deposited -
. particles might harden. Natural waters contain many dis- ,
K 'A;.ulvcd materials that could act m a way stmilar to that of L m
. \‘/‘ the mutcrials_ryou-“tricd. '

L PR ) . :

' co ‘ - .l'(';llll:.;\il_rJ‘T L
J* N Bk Rl (16 - nipion
9. Sedlmentgry Rocks T
» - : RS ();'!u_:n'i). ‘

* — . . FNRPOSE ey ettty dedunent.cy 1ocks by

< ‘ .k . . o T e e . .t
Gel\ge rock sample kit and pick out the sedimentary rocks.. 0 G Proc duee, .
(K you have trouble doing this, sce Resource 5.) Your task ' )

’ .I " y - -
in this resopree will be 1o idenitify cach sedimentary rock S e 08 componed ol sand Qrimss

- @8 sandstong, shade, or limestone. . . ("(;':;;;T:“‘l"i":‘-::-l‘Wﬁ.-V o metet . ot

. Sandstone, as it name implies; is composed of sand Brains 1 Whon mioistened, ¥

cemcntcd'togcthcr.-‘S{hale is hardened ¢y or mud. It often 4 '“"'_"j‘f”‘-'-‘ h “-"__i'l""‘-"‘:' ‘i-"'j'““"C“’f’i?“""*;:

€ has a “muddy” odor when 1;{ is moistgged. Limextone iy ! ks vworously win iy » -
. Lomposgd of calcium carbonate, the sadhie chemical con-
tainied in sea shells. Limestone fizzgs viggrously when a drop

.. .8t Hel is%ppligzéi 1o it.
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Here are some tests that you may tind helptulin L'l.l!s!sl.f)'lllg
the rocks.

Lo Look closelv at cach rock with a hand lens,
a. What is the average size of the grains?
b. What is the shape of the gruins ~rounded, angular,
or clapgated? ' .
c. What 1s the color of the grams?
. Stud), the material that holds the grams together.
. Isog hnu&,x(unul or crystalline?
b If 101y erystalline. what is the size of the individual
crystals? ,
. What happens when you put a drop of dilute HC]
(hydrochlorie acid) on cach rock?
. Breathe on cach rock. Ity to identity any odors that
result.

The results of the abave tests should give you cnough
mtormamm to 1denufy the &od\\

After caretul 'thought_;u-td experimentation, geotogistshave

‘condluded that rocks lil\L sandstone, shale, and Lhimestone

were turmcd in lakes and seas., "Uu t‘unry 1s that the sand
and¢lay that were deposited in seas and lakes became ce-
mcnf%d into sandstone and shale. Limestone is thought to
bc fused calcium carbonate that was once dissolved in sea-
waler (calcium carbonate is part of the “salt™ of lhc seas).
S“Ldlmmmry rocks are generally found-in layers. ‘It you
would like to know 'why, se¢ Resource 7, in this clyster.

- - .
-

\{O Metamorphlc Rocks-—

A Field Trip in"
_the Classroom

‘ .

Metamorphic rocks are rocks that havedecn@hanged in form .
because of increases in {emperature and pressure. Any rock
may be subjutcd to metamorphism. In this resource you are
going to imagine that yom are goihg on a field trip in an
area where mctamorphu, rocks are. found At‘tcr colleumg
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the 1ocks you will return 1o the laboratory as would 4 geolo-

" . N A
ENL o study and examine the rocks You collected. To do
this resource, you will need the following:

I hand lens

I metal tile

I rock kit containing
samples 05, 16, 18, 20

Piece of tine sandpaper

Pan of clean sand v

[ geologic map of 4 )
metamorphic area
I prece of eellulose
\ acetate tilm
1 botle of acctone OF
nail polish remover

» B
ACTIVITY 1. For each of the geolog\ stops lfsted below,
imagine you are in the field collecting samples of rocks. Using
the directions at each stop, locate that spot on the map and

record on the map the identitication numt*er of the rocK"sam-

ple. Use the map in your Record Book. "a\

|

!

Stop #1 At the north end of unimproved dirt roads abost
I'mile from west end of Iggy Road. Specimen
fragment 16 collected here. i .

Stop =2 Intersection of lggy Remd and IS¢S Highway 21.
Sample 18 collected here, \

Stop =3 tersection of 1SC'S Highway 21 ahd East Street.
mple very similar to 18 collacte here.

Stop #4 Intersection of East Street and an| unimproved
ditt road. Sample similar o 16 collgcted here,
- Stop x5 Intersection East Street and fggy R{)ud. Sample

20 located here. !

Stop =6 . Ed}e of map and East Street. Sample DS collected

here. -

Intersection of Lake Street and Lake Creek. Sam-
ple similaro 20 found here. -

Intersection of Lake Street and the light-duty
road. Sample similar to specimen 05 collected
here. . " . !

When you have finished the field gip, make sure you have

_'Slop =7

- ‘recorded the sample numbers on the map at cach of the eight
. Stops.”Although you made cight stops, you should only have

four rock samples, since you collected a similar rock for cach
of .these four at another station, ° '

-
" 3

’
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Road classification

Heavy duly xam

Medium duly s

z

Light duty

Unimproved airt

Figure 1

ACTIVITY 2, Draw a line from the upper left corner of the map
to the lower right corner of the map and then place each rock
sample at ar( one of the stations from which it was collected.

|11 1 you start trom the upper left-hand corner and move
along the hne to the lower right, what major differences
among the rocks do you note?

If you exanune the rocks in the upper left part of the map
you will note that they are sedimentary, and as you move
toward the lower right they grade nto metamorphie_rocks.
You should have noted that as you move toward the lower
right the rocks become more layered or banded, and the
munerals in the rocks become larger. '

ISCS Village, U.S.A.
1972
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Let's examune cach of these rocks more dosely. Geologists
sometimes study rocks by making an acetate peel of the rock.
Prek up rock 05 and examine it carefully, looking for a flat,
polished surface. If your rock does not have a polished sur-
face, then you will have to polish it by following the instruc: K)'*"l':‘_f"j-';”“;-';Ial‘":' RN
‘H bons i Activity 300t gt s polished, start with Activity 4. A e (;,'..' R S
- t T S N I T e
ACTIVITY 3. Hold the rock In your hand so that the surface
to be polished faces outward. Lay a stegl file flat on the desk .
and grind the surface of the rock on the file for a few minutes.
The area you grind should be at least 1.5 cm square. Use
fine sandpaper when you think the surface is smooth. Wash
the rock in water and let it dry.

.
« ACTIVITY 4. Support the rock sample by gently pushing
downward and slightly rotating the rock into a pan containing
clean sand. The polished surface should be face-up "and
} horizontal. ° : .' ' o
‘ ]k (‘ : . ’ “
o ) &y
' . ”j .




The acetate hlm showd Lo cut oty Shghtly
ladgerr than tha polesbaed soartacs of o rock
Hx“‘ 15 sy thiciant acetate (o supply il the
studunts o nosvoral Classts it carg i Lk to
consarve matyrials .

A

2 and 3 The grains should get larger. ay’®e
samples G trom shale to gneiss. A0 the
arrangement of mincrals should progregs
from uniform graing in shale and slate to flaky
schist and .then to banded gneids.

v

64 - RESOURCE 10

ACTIVITY §. Carefully wet the polished surface with a few
drops of acetone or nail polish remover. Hold the acetate
film between thumb and forefinger of each hand and bend
downward Into a U shape. Apply to thé rock so that the base
of the U Is first to touch the wet surface. Progressively roll
the film out so that it Is flat on the rock. Do not press with
your fingers. Let this dry for about 15 minutes.

While the tirst rock isidrying, repeat Activities 3 through
S for the other rocks. : ”

ACTIVITY 6. After, 15 minutes, caretully lift the peel off by
grasping one corner with your finger and gently limng The
acetate should peel off.

.
-

When you have made four peels, examine them carefully
with a hand lens. Using the peels, answer the Kollowing
quutxons ) .

v
[J2. What differences do you notc in the size of thc mmcmls
in cach.rock? - :

[:]3 What dlﬁcrtntc\ do 'you note m the arranbemcm of
the minerals in each rock?

. . - -
¢ \h

N,

*You have alrcady learned that mct.xmorphu rocks origi-
hate when roc.l\s are changed by conditions of high tempera-
ture and pressure Let’s assume that the original rock for the

..




three metamorphie rocks in this actvity was the sedimentary
rock vou collected m the upper left regions of the map. This
rock 1s called shale, which is made of very tinq@r(iclcs of
st and clay. You should have Boted from the pé€ls that the
grain size of the minerals of the rock increased as you moved
toward the southeast regions of your map. Also the appear-
ance of a layer or bands became more pronounced as you
moved toward the southeast.

| 14. What part of the map do you think was subjected to
highd temperatures and pressures?

The type of metamorphism you arely idying here is called
regional metamorphism. The reason for this i that meta-
morphic rocks generally oceupy large areas on the earth.
These rocks form deep in the crust; and the fact that you
collected them on the surface indicates they were uplifted
and the rocks above them were crodedaway. It is generally

-agreed that the rocks with pronounced®layering or banding
have undergone more change than other rocks. Perhaps the
higher temperatures and pressures oceurred in the southeast
region of the map.

« *  As-you will learn later in this ynit, greater masses of hot
rocks buried deep in the crust, known as igneous intrusions,
might provide the high temperatures ne®essary to metamdr-
phose rocks. - ’

- EQUIPMENT LIST
% MENT LIS

. Mineral kit (12 samples)

11 Identifying | | e

Hand Lens 4

Roc k-fo rm in g PURPO To show'a symphited classm;:atton

system fo ldemitymg minerals,

Minera|5‘ . . MAJORanNTs <

. -+, 1. The more: than 2.000 minerals can be re-
A g . duced to ‘about 12 important, ones that are
. . useful in the study of 1ocks . T
There are more than 2,000 Fifferent minerals on the carth, 2 Cleavage faces will flash when rotated in
> 19 e c b . . B » a bn ht ’lghl . - ¢
yet the ones that are useful in t.he study of rockgcan be 3 Migne;al'hardness can. be classified -as
reduced to about a dozen. B this resource you will use a | harderor softer than glass. ’

. . . i s . B
~simplifi sification svs 1 | ident mineral] - 4 Wigerals can be cl.lssm_e_d as hawing vither
sin pl;ncd classification syste todgglp you ide ify et | Metalli & nonmotaiic udter _
specimens. ) ° : ot N

Obtain from 1hé supply areg a kit of minerals, a glass f)laté, .
" a knife, and a hand lens. - : R

-
-




L ncourdgs students to work togethor as they

peal oft a laygr of iotite mica and, also, to

ACTIVITY 1..Pick up mineral sample 29 (biotite mica) and
carefuly try to peel a layer off the top. Place a knife Between
the layers and lift. This peeling or separation along a smooth

poel oft & mimimum layer The samples can
suqace Is catlled CleaﬁNecome quickly tragmernged otherwise.

ACTIVITY 2. Hold the sample in your hand with the fresh
surtace up at about eye level. Now rotate the sample until
you see a flash of light. Cleavage surfaces will flash in light
as a mirror will It- you hold it at the-right angle to the sun. -

Lift slightly, ] ’ Frash
then turn down surface

R

Minerals can have several cleavage surfaces. The mineral
_you are now holding has one cleavage surface.
. Examine the drawings in Figure 1. Cleavage surfaces are
shown for samples havmﬁ one, two, and three dxrccuons

, b. Cleavage in two N -
directions at right angles ) _
: c. Cleavage in two directions

- not at right angles

\¥

d. ClSavage in three

directians at right angles 6. Cleavagen three
\ ‘ directions not.at right angles
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e o conclude that the mineral is har

[
Remember that cleavage faces will -flash when you rotate
them in good light; other surtaces will not,

+ ACTIVITY 3. Pick up mineral sample 23 (microcline feldspar).

good light and rotate, looking tor flashes.

e to Identity two cleavage directions, at
- about 90° te each other. Ty

they will qive away.,

. . . . . ' dj)()g the sharg adg
/ACTIVITY 4. Lay the glass plate on the table. Hoiding mineral -

sample 23 (teldspar) in your hand‘,“ky to scratch the glass with -
the sample. To deter_mlne it you have quatched the glass, r_ub
your moistened finger a&ross the mark. If the mark comes
-off, then you have not scratched th rglass. If the mark re-
mains, lopk closely at it with a hand lens, - '

s

If you can scratch the glass with the mineral, then we~
der than glass. If you cannot
Scratch the glass, then the mineral is softer than glass.

A Y

. . 3 R ... r ‘
(1. Is‘the mineral sample 23 harder, (')'r softer, than -glass’?

-

You should have det
harder than glass. _ . o ;
Using the same mineral you tested in Activity 4, determipye
1ts Juster. To do- this, examine Ffgure 2,"which shows twe - ce0
" J)hotos.of minerals having éither a metallic luster (look like
. "a metal) or a honmetallic luster (look glassy, greasy, waxy, .
cary)” .ot T TS SR o
P y : h y“' :

02 What Kind of luste} docs, mideral sample 23 have? -, . " RESOURCE 11 - 67,

¢rmined that mineral’ sample 23 is
.. : ’ ) .4

~

4




To identify a mineral, you will need to determine its luster
(metalic or nonmetallic), its hardness (harder or softer -than
glass), and if it has cleavage surfaces. When you determine
these three properties, you should then refer to the mineral
classification chart on this page and the next page. o

' ddentify each of the samples in the mineral identification

: key by following the procedure above.

Students may be interested to know that rock cicorr o on . . S AT

samples brought 9ack from the moon con- - 3.’3; ?i S Migeral Classification Chart A . s

taned a number ot the minerals listed here, : PR o l\{‘. - L : T

For instance, the glassy olivine was tound in

much of the dust and rock. S e s Lo I A ; R . N
. R g s | 12 diregtions of cleavage; pink, - Microcline ;3

. . : | eV | white® " - T . f feldspar.’ "

o~

" Special Properties Name .

2 directions of cleavage; white, Plagioclase
blue-gray, striations (lines) on ™ feldspar. ::2
some cleavagt planes I PR

-

'Rcd,.,brown,_ or:yeliow "7 | Gamet - %

L W o

+Olivine green; commonly in » Olivine
1 small glassy-grains ' a

Transparent, milky-white .~ { Quartz - ;
’ - o ﬁ:': ‘. . , .
Brown to gl%k; perfect | Biotite ;™4
‘cleavage producing thin elastic |- mica .. . 3
sheets = * “Fuie . I T TR
- N ", - N '

. ]
KIS

et B 'ngi;l;ﬁage directions—surfaces Cdlcitq
| look dike this £7; colorless, < ' BT
% ;| white;, effervesces in ' HCl . =~ 108 Ty

iy

ntite
P A

IR L . ,
" Perfect cleavage,'procyxcing % | Muscovite '
“thin-elastic sheets", : -7 mica <0

Yol o - N ) SR, 2
.| - Dark-green to black; 2 clcaa‘y{g;,‘. ~Hornblende ?
o TR P e L2 €4 Bl "
| adiregtions ;¥R L . _|..and Aygite

B R T S o9 S v Sy




Note that thiea s no sample among the 12
mnuials anat has g metallic luster and 1g
harder than ylass

.

Harder than
. glass

oy

s

" Matallic luster

oy

Heavy; silver-gray color; little
i ey —""""tq""_'t [ NTTTST St e
"cubes S TAT R

P £, by
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12 How Rocks Change /

. from one Kind to - " PURPOSE: To give a unof.descnption ot the. .
.-

changes in a “rock cycle .
“

Another | Mason powr [
. ) [ _ - Conditions ot weather/m. heat, or pressure ~

can chonga one type/of rock into another
type. - ’ '

.

The earth’s crust is in constant change. Whether you examine
rock in the mountains, the midlands, or the shorelands, you .
see the same cycle of change. Figure 1, on the following
page. is a simplified diagram of the rock cycle. With it, you
should be able to predict how one kind of rock ¢an change
‘into another kind. ' '

As a starting point for making predictions from the dia-
gram, consider the molten rock coming from a volcano. This
lava was pushed upward and exposed to weathering, Any
rocks exposed'to wind, water, and changing temperature will
be Broken down and carried away as sediments, which may
then be deposited in a lower region. Constant wearing away
and deposition of more sediments will bury the first'sedi-
ments to arrive. o ' '

"« In time, the bt;ried sedithents becomc-hardenegi to form
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Clyster B is made up of Resources 13, 14, 15,

and 18. They are aimed at helping the student

' undérstand how igneous rocks are formep.

CLUSTER B ;

(Resources 13-1 6)

. MAJOR POINT

- Some volcanic eruptions are violent,"whiie in

others .hot rock pours siowly out of a vent. -

| Flg_dre 1

sedimentary ro¢k.-With added pressure and heat, the sedi-
mentary rock may change to metamorphic rock. The meta-
morphic rock calp melt and be pushed into or onto overlying
sediments as igneous rack. This completes. the cycle for this

" case, s@nce this rock has gone through a whole tycle from

igneaus rock to igneous rock.

-

PURPOSE: To simulate yblcanic actlvlty:

1 . - ,
13 ' Making a Voicano
EQUIPMENT LIST Caution Do this resource only after
See list In pupil’s text. obtaining your teacher’s permissionl*

.:During a volcanic eruption, molten rock and gases come to
the surface of ghe earth. In some ‘cases the eruption is very
+* violent, sénding molten rock several hundred feet into the

air, while in other volcanoes hot rock pours slowly out of .
the vent: In this resource we will use a simple model of a

e .
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voleano to study its behavior whep it crupts. Obtain the /
following materials from the supply area: < ' '

i

1

1

!

1
Cut on ayy ! (
I copper cone _ thess linag. !
I masonite board, 1¢~ X 107 : !
2 strip magnesium ribbon, 24" long x i
1 pair tweezers Overt ;

. . N ' verigp ——p.

30 o¢ ammonium dichromate, (N H,),Cr,0, P
4 bricks
Wooden matches

P with the ammonium
dichromate. Do not pack down. Using tweezers, lnss_gl_'t____t:ﬁ'-_
lighted 22’- “ plece of magnesium ribbon into cone, leav/ng
1 Vpc.)sed above the dichromate. T

3

]
i

BRI i

)
1

1
i
!
o
i
1
i
!
1
'
1
!
]
!
]
t
!
i
1
]
i

J

L
w g

Cone : N Masonite / ' )
) 2. Cuta piece from the Copper sheet, using -
the above tigure as a template.
3. Cut In on the eurved line }'* deep évery "
along the curve, ag shown.,
4. Roll the cone so that the copper overlaps
i’ at the curved edge to t ne shown on
the template. Fagten with s%sces of tape.
. 5. Bend the i" cuts out so that they form a
. e " lip on the open end of the cong.
Brick . o .6. Support the board with the hole in {tonthe
. .. four bricks. Ingerg the cone snugly into the
Support ~ _ hote, with the 'tatb flat on the board. Make
) Sure that the overlap is tigh together all the
way to the tip of the cong.
7. It would be wise to have protection under
the tip of the cone 50 that moiten materia)
: . cannot damage the table. Another brick wil|
. ' Wwork fine. :

Caution Keep your face and hair away frém the cone. Avoid
louching the. powder, ' :

*

s

The proper construction of the copper Cofre, _
fitted Into tHe masonite or plywood boarth fan i Magnesium
be tMeky. The toliowing procedure shpuld ribbon -

help. s ' . o\
1. Cut a circular hole 1" In dlameter | the,
board. Perhaps the school shop can help with
this step. T '

| "ACTIVITY 2, In g djmly lhpted. rogm, !intg a match and
carefully bring the matci¥up to the/ribbon and Ignite It. Do

not touch match to the dichromafe. When rlbbon_ lgnlte_s,'
- stand back and observe what happens, ' o

- —




. .
-*

Without disturbing the powder on the masonite board,
refill the cone with anfmenium dichromate, and insert a fresh
picce of magnesium ribbon. Repeat Activity 2,

The firgt trial 19 DOS de.re: v w dimly it Toom.
The sacond tnal may L duie with normal
lighting.

ACTIVITY 3.-At eye level with the masonite board, sketch a
diagram in your Record Book, showing what the volcano
looks jlike from right to left. As an aid, Imagine walking from
points A to B across the voicano. . :

SAFETY. NOTE- These activities shoylde be
done under close supervision. You may want
to comrader pertormifig them yourselt, with
sl groups pf students who arrlve at this
pant together. In addition to thd potentiat
danger, they are extrumely Messy (see "Prep-
aration of Equipment’ in the tront of the text).
Could you dse a largo packitig box with the
tront’cut out? A

" 1. Does your sketch

resemble any of the Mono craters you
saw on page 38?2 o

(J2. How do you bglieve Mono craters were formed?

L

v
-

14 Layered Igne
‘Rock-

. EQUIPMENT LIST
None

ous

- PURPOSE: To discuss the tormation of igne-
ous rock in cracks beneath the earth's sur-

- face. ’
MAJOR POINTS

=7 1A layer of igneous rock between two other
* ' - rock layers is called a sill

. -
-

.  { 4

T

When molten rock flows out onto the earth’s surface through

.

" 2. During tormation, a sill changes the rock
. above and below it by heat.

* - 3. Slas of crystals and etfects on adjacent

rock ‘show the difference between g sill and
the layer formed by outpouring of iava on the
B stfhco of the earth. o

SRR A N I

cracks in the earth’s crust, it forms a layer of lava that'coeos -
"to a fine-grained crystalline rock. What happens”to the
molten rock trapped in the cracks? ‘
Look at Figure 1, which shows a rock outcropping in a
cliff in Glacier National Park, Montana. Notice the layers
. in this outcrop, also.seen in many other rock outcrops illus-
trated in this -book. ~ :

-«
4
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The dark layer near the top of the photo%ra'ph is a different

kind of rock from the rocks above and be
ined crystalline rock

oW il. It is a very
ontaining several

are slightly larger
bottom of the layer:
If you have done the reseu

are sediméntary. Careful e
the dark rock shows a narrow band ef baked, light-colored_
. Tock much-harder than the rest of the sediment. -
The dark layer of igneous, rock is called a siff. It is thought
to have been fornted from the cooling of golten rock thay
forced its way through a crack formed at the zone of weak-.
- Ress much later than the sediments above and below it. (See
Figure 2.) : ‘
 When a series of layers of sedimentary rocks is divided
by layers of igneous rocks, you sometimes. can’t tell what
- happened. You don’t know whether the igneous layer is a
va " diments deposited above it later or

IR
}“-«3 i

" edyes of the Plug werte much smaile

Students can b !u‘hlrrmi hack to Resaurce
6. "How Igneair floeks Ate Formed © When
they poured mollen haphitvaieng or hypo or
sultur into the hole in the: cork, 1t sin Hatod
the formation. ot s The crystals gt the

than
those in the conter where tha mate 1) coolad
11010 slowly. L ik vz, the mater| that was
Potrad onto a 11 surtgee cooled s0 raprLiy
that either very =mall ¢rysials tormed, or the
hquid hardenedy {..0 quickly tor crystalhzution
to occur, and a it of g giass resuited,

.

.
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whether it is a sill that intruded between layers of sediment,
If you look closely at the top and bottom of the igneous layer,

- 3 however, usually you can decide fairly casily. Can you gyess
how? Remember that a sill is pushed into rocks and that

When the plugs were poured In Resource 6, & 1ava flow is poured out onto the, surface.

the cork, being an organic substance, was u.ot ‘The answer is fairly simple. A sill, being very hot when
s 1 ity 80 the simlation doos not 5y < o yeezed between layers, would change the rocks both
above and below it. The heat would change (metamorphose)

S the sedimentary rocks on either side. However, when a lava L
Now fordhs, there is only rock beneath it as it pours out onto
the surface. Therefore, only the lower boundary of the layer
‘will be metamorphosed. By the time a rock layer is deposited
on top of the igneous layer, it would be cold. '

T TS ST o W ¥ ey A M st e e e

[

-EQUIPMENT LIST
\
4 strips ot modeling clay, @enmt x 6cm x 1cm,

in 2 ditterent colors (2 of each cdior)
Block of modeling clay of thirg color 1 5 : MOlten ROCk

Knife

PURPOSE To simulate the formation of Beneath the Cr USf

oL ke e,

domes, dikes, and sills by moiten rock be-
neath the earth’s surface, . . ) . ‘

R . = ARV~ ~, L

MAJOR PGINTS - What happens when molten rock cools within \}h_e earth’s
1. Mountaing of igneous rock that have none 2 That'e . : NN . : ;

of the faaluron of volcanoon have boon iden- crust: Tlh‘“ S tht yOU will dlbu)Vél‘ as yOU do thlS resource. .
titied on awith . You will make a clay model to represent several igneous rogk

2 A dome might be formed by n.olten réck e tht £ . V . . : . el
PUBIING U fram below e sutface, - featurcs tha‘t form when molten rock cools while still within

J Aaill miynht be tormend by malten rock balng the crust of the carth. ) ) .
L‘;'g;’g':‘:;'fg’c';‘_“'y batween two other layors . Figure 1 shows u slab of igncous rock (a dike) that cuts
4. A dike might be formed by molten roak , across layers of sedimentary. rock. Which was formed first,

being force into a vertical ctack across sev- : ; .9
eral layers of rook. - the igneous rock or the sedimentary rock?

8. Erosion can remove the overlying laydrs, - Figure 2 shows Moro Rock, a dome-shaped mouynd of
exposing Womes, sills,’ and -dikes. . solid granjte. You might think this mounsain of igneoms rock -
S was volcanic, but it has none of the features associated with

volcanoes. The large crystals of which it is made are eviderice

o




T EeRATEY T iTRe w0
e Ae4rw b cqepmman o 4
DRttt e b AN L

. L
Pt T N

aac T—_———

-------- LR - T -

o-.mwe-”-Y M

o .
PES SRV NI LN . \.'ml."-a
TN e A ’ .

ly—perhaps while buried in the
mountains

-Flgure 2 -
that it cooled very slow crust,
If 50, how do dome like this become surface

modeling cl‘a_y w.ill‘ help you

_ developed to explain
ill need a knife ard three lum ps of clgy,
. €ach of a different color, e .

8 Cm/'t‘i\s cm

feflttyes? . :
‘he following activities with
understand the

*
L

¢
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ACTIVITY 2. Scoop out a dome-shaped hole in the bottom
o! the block so that you remove clay from the bottom two
©, Impress students with the nucessity of saving layers, but not the top two layers. Imagine that the rock has
"7 all the modekng clay that 1s cut out. It snould - -melted.’ Pack a different-colored clay (to represent moiten

© be caretully separated by colors, and can then i1 th le wpletely. .
s be re-formed into blocrs If this 1$ not done, ".mk.) Into 'h? '_'m’e' F ] e ho cqmp te.,y -

"~ you will rapidly deplete your supply ot clay.
. ~

A

" BOTTOM VIEW

[ R T T T S

-
13

'Acnﬂ’lTY 3. Use a knife to make two cuts into your block.
Make one vertical cut across the middle, cutting down only
" as far as the second layer from the bottom. The other cut
shpuld'bo a diagonal cut, intersecting the first one as shown.

Diagonal

.:‘.I
118
1
( |k
11

Vertical
cut

) PR e . ) Uplifted
T e J"“‘:" I e
.‘_“f' ‘?’T‘?l ‘ 1k o block
; * Cut stdpnat
. top ofgdome.

O™ o P s M
A LR e e ——

P B

Pt B ~ ACTIVITY 4. Take some more of the colored clay you used

A 4 to represent the molten rock and flatten it into thin sheets

.- molten ?ock’ , | about 2 mm thick. Open up the two top cuts you have made

S ' ~ L ar'lgl push a thin piece into each one, jolning them wﬂh the

. . o | ) . dome piece. Separate the second and third layers, of the

o - biock, ang slip in a sheet on top‘of the second:layer. it will
connect with both top cuts and the dome. .

aene ges” TS

-
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ACTIVITY 5. Now cut your block In hailf along the line AB.all
\the way to the bottom of the block. - ;-

Cut line

Look closely at the block’s inner face: You have a model
of molten rock intruding as a dome, as a sill (between the
beds),.and as dikes (across the beds). See Figure 3. Notice
that intrusion of the sill,has caused uplift, '

.y . ¢
. Diagonal
“dike
Vertical St
dike *
.’! -
L Dome of . S p
-. molten rack -
| o - Figure 3
" Now imagine- that the molten rock has cooled and that
steady ‘erosion keeps removing the sediments, the dikes, and
“the sill. L

Dome
N
Bottom K"
layer . T
o
N . _ NOREIN S

- ACTIVITY 6. Take one half of the cut Block and carefully

. remove all three top layers, the silis, and the dikes untll you
are left with the bottom layer.and the dome. . 0

S e g

. -

L

P ey e g

.vl L
At the conclusroon of the activities, insist on
an adequate cleanup, with clay separated by
colors and, if possible, remade ato blocks.

ﬁ . -
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EQUIPMENT LIST

None ' -
kY
in the tormatlon of vol-
flows.

PURPOSE: To ex
canic cones and_ a

MAJOR ROINTS - . )

1. Some cone-shaped momtalns Jwere
“formod by volcanic activity and arWde of
layers of lava and ash.

2. Lava may tlow out of tissures, or cracks,
In the earth's crust and cover large areas on
the surfac%.

"lflgurb 1.

A big mass of molten rock like that in a dome would have
cooled very slowly It would have much larger crystals than
the dikes or sill. Being such a big mass of hard igneous rock,
it would be regjstant to cerosion: '

L Y
»

.

16. Cone-shaped

Mountains and
__L-a\;a Flow

.

In the western part of the United States, you_can find cone-
sha&:d mountains, some of them with craters.in the top. The’
cinder cone (Figure 1) at Lassen Volcanic National Park,

California, is typical. The rock in these mountains is igneous,

.

» meaning that it has cooled fron molten rock, whu.h may

be alternately layered with ash. |

¥
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The shape and t))c rock type are evidence that these cone-

shaped mountains were once volecanoes, but notall lava flows c :

. . . . . R . . T his igneous rock, when 1t 1s brokaen up.by

t‘orm cones. The Columbia pld}cau in the northwest Umtodﬁ wodthering, has 4 ligh nutrient content ang

States is covered by layers of 1gneous rock over an area of w supports many forms of plant fif Conse-

0.000 squ: o1 . in Fio . . quently. much of the Columbia plateau is
500' square kllomfwrs’ ah.Sho,wn n k“ure 2 coversd with vegelation, and ‘the lava-flow
. . i -

. nature Is not giways readily apparent.

\

Nevada
California L

. .
. . N

. : Figure 2
Although.there are several cone-shaped mountains in this,

region, the lava coming from8them could not have covered
*. such a vastarea. Instead, most of the lava is believed to have -
poured out of long cracks, called fissures, ig th _earth’s crust.
The cooledt lava thi poured out of these,fissure volcarioes
“Visa gxa}d, finé-grained Ygneous rock: It has properties similar
to those of the volcanic rock that is still being formed by ° .
thg Kilauea-and Mauna Loa volcanoes in Hawaii. - o '
. R - ' . C . Cluster C contains Resources 17, 18, and 19, -
~which -give background on uplifting ot moun-

' o | ) o . o S s tans, y ‘

M Wedge-shapeq . . GLUSTER C -
. : . M‘ountaiﬁns‘:and- T '(Resou_r‘c’es 17-19) .;l'
. Uplift by Fa'u Itiﬁg 4 strips of modeling clay, 10 cm x-3 cemt

: x 1 cm; in 2 ditferent colors (2 of each color).,
PURPOSE: To model faulting of the earth's Knite . . .

crust and éxamine possible causes. . . : 2 yulers or thin Blocks of wood

- High in the~Rocky Mountains, several* thousand meters ‘
above séa level, are layered sedimentary rogks. Whaf_ does
evidence like this- show? One explanation is that .the crust

’ . I . ! .
) . - - - - . . . v N - o .
I S 108
. .'. . - . .. -. . T .‘ L .- Ny :
. . . . A ° . M
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MAJOR POINTYS

1 Layerud svdlmentary rock: are foand hgh
i the Rocky Mountains A passible uxplang.
tion s that thuy have buen pushad upaard
over long peniods of tinv:

2 A hne of siippage between wo sections of
the garth’'s crust 13 catted a tiult line

J The mqdel explains taulting by assuimng
that (a) there must ba a sone ot wgakne,; in
the rocks, and (b) there must be a strong
downward torce some tistancy .xway to caube
the titing

4 The great wueight of sediments on the
ocean tlgor could causa the taulting i the
Slorry Neoewvadta - - Calitona

L3

Large cuts such.as this can be done casier
with an old nacksaw blade.

+

-

of the carth must have been pushed upward over a vast
period of geologic ume. —_—

In this resource, you will look at some models of how this
uplift may have come about. Get two colors o modeling
clay and a knife.

ACTIVITY 1. From each colored plece of clay, cut two thin
strips, each about 10 cm long, 3 cm wide, and 1 cm thick.

. !
ACTIVITY 2. Let each strip represent a layer of sediment
deposited in water. Deposit one on top of the other, alter-
nating the colors, to make a block.

\ :
ACTIVITY 3. imagine that these layers represent a region

where forces on the crust cause a.crack or zone of weakness.
Cut a sloping crack as shown. °

cut
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ACTIVITY 4. Atter cutting, press the two pleces together again.
so that they just barely hold together. Support the block on
two rulers. Press down on one end of the block and vibrate
the block slightly as you push. Gently vibrate and push untit
the cut surfaces begin to slide apart. = .

When students fimish with the agtvity, have
them separate the ciay into the two colors
) belore returing . :

The line of slippage as shown in Figure 1 is called the
Jault line.

T f Lk
g el caind w‘u.—;,‘o e
‘:;5‘;.,—
. B

v .

If you were careful in following directions, your block
should new look like the sketch in Figure 1. Compare your,
clay model with Figure 2. Can you identify the fault line
in this picture? . SR

‘Two conditions are necessary for this theory to explain,
mountains like those in Figure 2, There must be a zone of
weakness in the rocks, and there must be a strong downward _ _ '
force some di§€mce away to cause a tilting of the block. ‘RESOURCE 17 81

L
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. Figure 2

The Sierra Nevada is the upper edge of a
huge sloping platform 400 miles long and ) . .. ) b .
from 40 to 80 miles wide. When approached Figure 3 shows a profile of the Sierra Nevadain California
from the California coast. the slope is rather ¢, Thdjoate how faults cause mountain uplift there.

gentle; when viewed from the Death Valley
side, the fauit forms steep preclpices.

Weight of sediments
pushes down.

ToeaLag
Ty, -

Thick deposits i, ¥ "‘Jt‘:‘"
of sediments " P

- Figure 3 -_ - | ._ .

4

In this model of mountain uplift, the great weight of the
sediments on the ocean floor pushed downward, causing

82 RESOUR(‘)E 17 - slippage along the fault. _ :

.
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18 Uplift of Mount.ains
Due to Folding

-

\
One theory to explain how the crust 4s pushed up to forny

mountains 18 based on the continental drift model for the
carth’s crust. According to this model, the collision of crustal
plates camses pressure that results in a folding of the crust.
To mpke a model that explains layered and folded features
- of Jlhe crust, you will negd two colors of modeling clay.

.

ACTIVITY 1. Flatten or cut the clay indo strips 1 cm by 3 cm -
by 10 cm. Make two strips of each color.

ACTIVITY 2, Stack the strips, alternating the colors.

-+

ACTIVITY 3 Place the narrow end of the clay block against
the wall, protectlng the wall with a plece of paper. Uslng a
block of wood at the opposite end and, steadylng it with one
hand, push the clay block hard and steadiiy.

Look care[ully at the side of the clay block. The. layers
represent beds of sediments. The dips represent valleys and
the humps moumams

.4 snu% of nm(i«:lmg clay. 10 «<m -

EANUPMENT Lisd

3 cm
- bem n 2 different colors (2 of each color)
She ot of papwr

o0k of wooa -
NNTTMI}

PURPOSLE 10 make a model to shov, tolding
of the aarth's crust

MA.JOR PQOINT S

- The contraction  theoty (the wriniyed-
dl);)ln modol) as.umes that the shrinking of
the ecarth causes pressures that rasult in uplift
ot moumains -

2 in the plgte tectome theory, folding of
rocks s caused in regions where plates col-
Irde

3 Erosian may remove top layers to reveal
thv tulding of the crust.

Extensive folding occurs n the Appdla—
. hmn ragion of the United States.




Flgure 1

When you lovk at the earth, you cannot always sce the -
. foldingthisclearly because a side-view is not always exposed:
. But sometimés there is other cvidence of folding.
ACTIVITY 4. Slice off the top on'e fourth of your clay block.
Then logk down at the top of it.

~

t
This ncw{y revealed surface represents a section of country
-where erosion has rcmovud the top part of+the folding. As
you can see in Figure 2, removing the top section of the crust
shows the-strips or bands tormed by the folded layers.

If
i
!

camn

s o ot v bt

e

R o vy o

1Y

-'Flgure 2

DI g o
L A e S Sl o 110

You can recognize where bed -4 on your modeling clay
block repeats itself on the top ‘easily enough. However, when
folded rock is exposed in several plices miles apart on the
surface of the earth, the job is noy casy. A geologist has to
identify the properties of the rocks.- He must look at the way
they dip into-the earth and sce what rocks occur next to one
another.

. : The Appalachian region of the Umtcd Sldles has many
RESOURCE 18 ~ folds. Figure 3 shows a situation very much like the one that

s

M —
R R )

113.




occurs where the § squehanna River flows above Harrisburg
in Pennsylvania, The rocks of Cove Mountain, a curved
ridge, and rocks of cach side of it give evidence that layers
of rack were foldefl down in the center, as shown in the Cross
section diagram of Figure 4. This way followed by erosion.

TOP VIEW

:.I‘“H':IHH", 1
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Curved ridges River
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Figure 4
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" they are we.ring away. U‘iey have sharp tea-

EQUIPMENT LIST

None

PURPOSE: 1.:
mountains by thewr anpc-.zram i,

(k-termmc the tolabye agp of
RS é .

MAJOR POINTS

1 Two differ-'nt sets of torces act on moun-

tains—uplift &1t wearing away.

2 1t mountains are bemg uphti taste: than

.tures and m.ay be conuiddred young

3 i mountai s are weanfi away fiate.s thai -
thev are uphiting, they have rounded f¢ tuzes
and may be vonslderod old.

86

’

" of both of these sets of forces.

The photograph in Figgre S shows actual folds in a railway
cutting at Bahersville, Notth Cagolina. These tolds are much
smaller than the Cove Mountain folding,

19 Old and Young ,
Mountams )

.o | ' ’ ' .
Suppo:,e somcone asked you which of the two mountdins
shown in Figures 1 and 2is older. Although this is a very

*

complex question, it is possible to give a general answer. This

resource deals with the way to do this: .
The problem in determmmg the age of a mountain is that
two quite different sets of forces must be-considered. At the .

~same time that mountains are being pushed up from below,

thcy are being worn down from above by water, wind, and - -
ice. What you see as you look at a mountam is the Ksult T

.
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If the uplift has been quite a bit greater than the wearing
“away, you should cxpect high peaks, steep mquntain sides,
deep narrow valleys, and swiftly flowing streams (Figure 1).
You might think of such mountains as “young.” The moun-
tams shown in Figure | begdn “growing” about 70,million
years ago and continpe to be uplified today. '

On the other hanlﬁl if wearing away has exceeded uplift,
or if uplift has stopped, you find rounded hills and broad
valleys (Figure 2). These are “old” mountains! The ones
shown in Figure 2 are bélieved fo have stopped “growing”
about 230 million years ago. &

Y
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. 20 SnowtolIce .

PURPOSY To examine the process by which ‘ EQUIPMENT U"T.
SNOW chungos 1o ice® | Nong

.

This resource deals with the process by which snow turns
into glacial ice (Figure 1), _

When snowflakes are examined closely, they are seen
always to be six-sided (hexagonal). Because no two. snow- -

tlakes appear, the same, there are millions and millions of
variations of this hexagonal form. In spite_of their variety,
however, all snowflakes are quite delicpte with lots of ope
space. For this reason, freshly fallen ¢
- loose, light in weight, and not.jard

=
W

By Yoo citerne thin ol guittaan, i (e
Lonted States aie thee Appaiac hians. wineh JdGire

fotposed of the Adipondachs, Green Mo,

s Catokalte,, Hmokies. and others  The
yaurger mountas wonld melude the {{oets
enand the Andes e Sooth - Amere, Ttra
youagest wouhd Mobably b te o satades
dand Swenas, alomy with e Ao Earope

Y
-

.

. M ' * . *ye
Cluter D oconurte of Rebarees, pp 22,
W23 and s Core orned vth Glaciution
s

CLUSTER D

(Resources 20-23)

MAJOR POINT S

P oGnowhlakes g alwayX  sivuded  with

Mo open space i the cry -t

2o The pressure  on dtcumulated  snow
Chnges i to ice grang - C .

3 Further packine. mensae, and addition of
witler changes 1t o sohd ice

4. The changa e snow to salid e can

TOgquIre up to 300 yeitls

87




Figure 1
¥

~

When snow changes to Ice under pressure,
its density changes dramatically. Snow has an

.. averade density abouf } that of water, al-

though this tigure may vary frogn § to 4,. Ice
under normal pressure Is about }, as dense
as water, so the mass per unit volume is about
9:times as great as that of snow.

EQUIPMENT LJST
None.

PURPOSE: To examine the factors that con-
_trol the size -and the movement of glacierg.
MAJOR POINTS !
1. The size and motlon of a glacier are con-

trolled by the relationship between the crea-
~ tion of new ice at the head and the rate of
melting at the foot.

2. Temperature and amount of snowfall are
two tactors that control this relationghip.

Ice
grains

At high ¢ elcvanons in the mountains, 'sﬁowfall often ex-
ceeds the rate of mfalting. This results in peaks that remain
snow covered the year around. As snow accumulation in-

* creases, there is greater and greater pressure exerted on the

snowflakes at the bottom. In time, the flakes lose their deli-
~cate -structure and become loosely packed ice grains. This
process may take approximately a year, depending upon the
weather.

"With further packing and the addition of water from
melting snow, the granular ice may recrystallize and gradu-
ally turn to solid ice. At a depth of about 15 meters, ice
particles over a centimeter across are common. At a depth
of about 30 meters, the pressure is great enough to cause
the particles to lose their form and fuse into solid ice. In
cold climates, this change from snow to granular ice and,

finally, to solid ice can take up to 300 years,

-

21. The Size and-
Movement of
Glaciers

Measurements show clearly thdt .the lower edges of glaciers
may alternately move up or down ‘the sides of mountains.
Nisqually Glacier, on the side of Washington’s Mount Rain-
ier, moved back more than 1,200 meters between 1857 and
1944. On the other hand, the Black Rapids Glacier in Alaska.

moved forward almost five kilometers during five months in".

1936. What causes glaciers to retreat and advancc? That’s
what this-fesource is about. . .

117,
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Let’s begin by examining what happens at the head and
foot of a typical glacier. Notice that the head of the glacier
~in Figure I\is well up the mountain slope, where cold tem-
peratures keep sgow preseht throughout the yeag. The fajlen
snows gradually turn to ice and add to the size of the glacier.
At the same time, the foot of the glacier is being melted
because’ of the higher temperatyres lower down the moun-
tainside. Gravity, helped by melting and refreezing of ice
«where it contacts rock, cause$the ice to slide downward.

a2

Often the creation of new ice at the head of a glacier
equals the rate of meltirig at the foot. In this case, although
ice gradually flows down the hill, the foot of the glacier
remains at about the same point. -~ '

~ But at other times, either the rate of melting or the rate
of ice buildup increases with no charigedg the other. Under .
these conditions, the foot of the glacier would move either
-up or down the mountainside (sce Figure 2). o :

118
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' Mo‘mountain glaciers are retreating (moving

up ‘he moyntainsitie) throughout the world.

Whéther they will continue to retreat, or will

grow again into another ice age, is an un-

delided question.
i )
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. Glacler

advances.

" Figure 2

EOUIPMENT LIST
None

PURPOSE: To identity the terms used to dec
scribe the action of glaciers on the land. .

MAJOR POINTS

1. The pulling of rocks from an area by a
glacier Is catled plucking.

2. A large bow! formed at the head of a gla-
cler by plucking Is cailed a cirque.

.3. It the cirque tills with water. it forms a iake
called a tarn. . N

4. Sharply ndged peaks formed by glaclal
ptucking arv called horns.

5. One of the most important effacts of gla-
clers Is the carving of U-shaped valleys.

... Large accumulation
‘l

, of meters high and a bowl equaliy~deep. Meltit?g\sﬁ"'the

_: Less accumulatlon
(Of snow

Smali loss of ice by
melting and evaporation

Large loss of ice by
melting and evaporation

Glacier
retreats.

~ Causes: Less snowfall or
higher temperature
results in more melting
and evaporation. \
Effect: Foot of glacier
retreats up the *
mountain.

Causes: More snowfall or 4
drop in temperature
results in less melting
and evaporation.

Effect: Foot of glacier
advances down the
mountain.

22 Effects of
.~ Glacial Carving

As glaciers move, they grind, carve, and pltk at the rocky
faces of mountains. Thfy action produces many of- the
troughs, bowls, ridges, and sheer cliffs that compose some
of the world’s most beautiful scenery. This resource deals
with the erosive action of glaciers upon: mountains, It also
identifies some of the common features that this kind of
erosion produces. ' . ' ,
As glaciers move down a moyntainside, they often pull

rocks away from the area in which they began. Over a period

- of time, this plucking forms a large bowl, or cirque, at the

head-of the glacier. As plucking continues, the cirque grows
larger, and deeper, often producing & wall many=juitiireds

7/
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glacier frequently turns the bowl of the crque into a small
lake called a tarn. Figure 1 diagrams the process by which
cirques are formed. Figure 2 shows an actual cirque and tarn.

. ' ' Figure v

A. Snow plles up Into glacler. " B. Glacler moves down the * G, Glacier meits,
Rocks under snow crack. | mountain carrying broken rocks. - leaving a cirque.

Ed

’ L . . .
Glacial plucking oftén produces several cirques on the :
same mountain. Sharp ridges and many-sided peaks called ~ Sometimes glaciors are like very rough sand-

. B . . . paper indeed. Grooves 2 teet deep and 3 fest-
horns are two results of this process. Figure 3 diagrams the ~ ;j, have been iduntified on Keileys Istand,

. way these features are formed, and Figure 4 shows a typical ~ which is north of Sandusky, Ohio, in Lake

j . . . Ene. Even deepur dlacial grooves, some a
example, the famous Matterhorn in Switzerland.- mile long, 150 foct wide, and. 50 feet desp

A glacier sometimes grinds at rock surfaces. like a piece were gouged in the rock of upper Canada.
of steel wool or sandpaper. Look at Figures S and 6. You - - e
can almost see the glacier that once occupied these areas- - _ :
smoothifig and polishing the rock surfaces shown. . - - © ...  RESOURCE 22 ¢4
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Perhaps the' most m\purtum effect produced by moving
- glaciers 1s shown in Figure 7. This U-shaped valley is quite” ger Litke-. 1 ¢ entol Hiw York were
typical of the trough carved by glaciers. It stands in_Sharp it medt by giaciaen 0 the et 100 ey they"
contrast to the V-shaped canyons and gullies that are cut.by § a6 really long. pacuiol, U-shaped yaliays.
moving water. (The next resource deat§ with the reasons for -
this dlﬂercncc ) '

i

A"‘ l‘ " .‘«\“ L
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8 el

\

. Figure 7

: r
&

Fxgure 8 shows a number of the glagial features you've
~ studied, all located in a relatively small area. How many
. -additional glacial features can you find? What other. agents

besides glaciers have affected and are aﬂ'ectmg this . land- °
;-;- 'scape?
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EQUIPMENT LIST (Optional)

lce, with p?bles and stones frozen in it
-* Stream table, with sand-silt mixture

" PURPOSE: TQ compare ‘alleys formed by
. streams and glacigrs and to examine the
processu of formatxon o

: MAJ& POINTS

1. A fast-flowing stream c£uts a narrow chan-

. hel with sharp bends.
"2. A ghacier cuts a wide, U-shaped path wath
long, smouth curves. .

.3, When tributaty glaclers join a main gle,cler '

hanglnq vaueys may be formed.

TR

_\ﬁm’ sens

23 How Glaciers For
U-shaped Valley
and Hanging Valleys

‘\ N

One of the thost prominent features of many glacial land-

scapes is the huge valleys. These valleys stand in_sharp con-
trast to the valleys carved by rivers. Comparc the shape of

‘the"typical - river valley in Figuregh with the shape of the
. '-{ypxcal old glacial valley in Figure 2. Figure 3 on page 96

s dxagram\nanc sketch of these two km‘ds of valleys. !

~
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Rock load at _ _ Short, sharp curve *Rock load Long, smooth curve
bottgm of cut . . causes éroslon. T .

)

Figure 3
A fast-flowing. mountain river rolls stones and pebbles
along the stream bed, causing.a grinding action. This digs
the bed deeper along a narrow channel and cuts sharp bends.
When a glacier moves down the mountainside, it forms
~ a huge, wide, slow-moving mass. Pebbles and. boulders are..
embedded in the ice being dragged along. Instead of cutting
downward like a sawecut, it grinds a wide, U-shaped path,

i

which can only bend in long, smooth" curves.

‘Flgure 4

it Mt s Bt




If you have access to a refrigerator, freeze a tray of ice
with pebbles and stones in it. Then try pushing the ice
through the sand-silt mixture in a stream table (o compare
it witlr stream action. -

In Figure 4, you ean see the wide ‘masses of ice forming

glaciers feeding Into it. Imagine the
this ice is dragging along the valley

huge load of rock debris
floor.

This activity, pushing ice with pebbies and
stones in ;t through the mixture 1n the stream
table, 1s optional. You may: not have the
stream table ready for operation yet; a large
pan would do. It may not be convenlent to

= #reeze the Fay of Tce and stones as well,

J

. RESOURCE 23 g7
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- Figure 6 :

.

'RESOURCE 23.
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When a tributary river flows into another river, the base
level of erosion is the bottom of the bigger river --both rivers
mectat the same valley leve). When a tributary glacier mects
another glacier, the base les <1 of each valley depends on how
much ice it carries. A small glacier cuts a shallow valley,
and a big glacier ¢uts a deep valley. The rock floor of a small
glacial valley can be high up the wall of the big valley into

~ which it flows. In old glaciated landscapes, these small tribu-

tary valleys can be seen as “hanging valleys.”

Figure 5 stows how the tandscape illustrated in Figire 4~ 7"

could look in the future if the ice melts. The U-shaped valley
(1) formed by the main glacier and.the hanging valleys (2, 3)
formed by the tributary glaciers have been labeled to help you

. compare the diagram with the photograph.

RN
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There are many spectacular hanging valleys in the United
States. Yosemite National Park in the Sierra Nevada, Cali-

fornia, is famous for its glacial valley landscape. Figure 6 -

.
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shows a typical hanging valley in Yosemite. It iy what re-
mamns from a smalj tributary glacier of the last ice age and
can be seen at the righy, high above the big U-shaped valley

that was carved by the main glacier.

SUPPORT YOUR
HANGING VALLEYS

~

GET IT READY NOwW FOR.CHAPTER 3
"The biggest task is in setting up the stream

tables. This involvas Preparing the supply

" buckets, Procuring sand and Mixing It with the
" Siltthat is supplied to make the sand-silt com-
bination, Procuring wood blocks and supportg
for the stream tables and supply buckets, and
Pteparing plaster of paris sheets forResource
83, Further information wiil be found in the
text, in the intrody tory material in the front
of this Teacher's Edition, and below. items tor

- the thapter and accompanying resources that
ocally are as follows: about

n sand, bricks or wobden

slope for the stream fables, . ,

. large boxas or-biocks to Support the supply
buckets, a.wax marking pencil, ong cup of

- into the bottom of a re

powdered milk, one quart of gravel, a card-

* board carton, and paper, knife, and baby-tood

jars as used previously. Two thin shqets of

plaster are needed for efich stream table to

provide the hard caprock for the waterfall in

Resource 33.-The simpl%vst way of preparing
t

-~

these sheets is to put a vdry thin layer of water
anguiar or square
dish that is flat on the bottom. $piinkle plaster
of paris evenly into the water to make a wet’
layer about 3 mm.deep, Allow thig mixture to
set. When it is alniost set, cut through the
plaster to make strips about 6 cm wide all the
way across the dish. Allow these to set and
dry-completely. N :

RESOURCE 23 " 99
N
123
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Resources 24 through 37 are used In this
chapter. They are {rouped in the tollowlng
Clusters. Cluster A, 24, 25 and 26: Gluster B..
27 thtough 30: Cluster C. 31 and 32; Cluster
D. 33 through 36; Ciugter E. 37.

EQUIPMENT LiST

Per student-team

1 stroam table compiete
1 supply bucket

2 regular buckets
Wooden biock .
Support tor supply bucket

The Midlands,
A.Pathway to the Sea

MAJOR POINTS

1. Simulation ot different river systems |s pro-
vided using a stream table.
2. A systems approach Is us
eftects of different v
drawn are: -
A. Increasin

ed In studying the
arlables. The conclusions

@ the slope of the stream bed
Increases the rate of flow of water.

8. Increasing the channel roughness de.
Creases the fiow of water.

C. Particle-carrying capaclty Is a tunction of

Badlands

fans

* Figure 3- .
... midlands region. any parts of the country
: have been combined into this one diagram. Figure 3-2 gives
.- You some idea of how much land in the United States can
~_ be described as midiands. ‘
© -+ Before -going on, take a close
" -in Figure 3-1, By the end of your sty
. 19 describe how the midland featar
Predict what- the midlands might |

3t the features shown
dy, you should be able
¢s were formed and to
ook like in the future, -

A

‘\-il"';'“ ‘ ‘

T e

CHAPTER EMPHASIS

Lrosion and deposition ary major processes
8 midland sector of North
principle agent of both proc-
flowing in nivers Changes in
draulic factors resuit in differ.
he landscape.

America. The
08868 I8 water
the stream's hy
ant effects on t

Chapter 3

the' river's kinetic energy and tends to in-
Crease as enerqgy Increases.

D. Deposition of sediment occurs when the
tiver's kinetic énergy is below the particle.
carrying capacity of the river. Larger particles
are deposited first, as the kineti¢ energy pro-
gressively decregses. Alluvial fans and deltas
are examples of this process.

3. Stream table studles show the "following
about potential and kinetic energy in river
syStems: ’

A. The potential energy ot a river is converted
to kinetic energy as soon ags water begins to
either flow in a river bed or plunge over a tall.
B. The kinetic énergy ot the river is used to
do work on the landscape, i.e., erode it and
deposit siitin low-potan(ialenergy_areas.

C. Rivers generally originate in high-poten-
tial-energy regions, such as mountain areas.
4. Predictipns about geologic features are
based en knowledge of the interaction proc-
6sses. More specitically, the student mags

Figure 3-1

and tests the following predictions:

A. ‘Waterfalls occur where more-resistant
.rock Intersects the stream profile.
. B. Gullles erode the landscape by*a process
of headward erosion, “ ,
C. The kinetic energy of a river with a me-
andering path is greater on the outside band.
Eroslon of the riverbank Is differential, with
the outside bends being subjected to more
erdsion than the inside. {

/

e

wind eroslgf?!md deposi-
ures such as sand dunes,

5. The. process of
tion produces feat

1




= Midlands in the U.S.

Y

Figure 3-2

Figure 3-3

s
3

‘

There may be roadcuts in your area that show
* layered rocks. If 801t will help to.call attention-
to’' thein and Igt the students see the forma-
tions for themaeéives. They might even bring
in samplaes for.identification, :
\ S

P
-

102 ' CHAPTER 3

Rocks in the midlapds . N

Many parts of the midlands are flat and contain rocks "
buried in the earth. Often, however, these rocks are exposed
in riverbeds and roadcuts. Take a look at the layered rocks

-exposed in the roadcut in Figure 3-3. Layered rocks like’

these are found almost everywhere in the midlands.

N
n

4
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(13-1. Based on what you learned in Chapter 2, how do you
think this layered rock was formed, and what does its pres-
ence tell you about the geologic history of the area?

-

If you look back to Figure 2-4 (Chapter 2), you will find

that the major portion of the midlands s composed of flat-
lying rocks. In fact, the central portion of the United States
is made up of sedimentary rocks that were formed in a
marine environment. Foss;] animals and plants that lived in
the sea are found in rocks throughout the Midwest. But you
will note on the map in Figurc 2-4 that there are also igneous
rocks gnd, in scattered locations, metamorphics.

The major agent shaping the midlands is the river. If you
studief Volume | oNISCS, you learned about energy and
discovered that you could describe energy as cither potential
or kinetic. Let’s see how a river’s kinetic (mechanica]) energy
is used to shape the midlands. '

You know that when an ‘object falls, it loses potentia]

3-1. The Liyered rock was formed under
water. At somea time inghe past. water must
fave covered the land where it is now dry.

encrgy. At the same time, it picks up speed and gains kinetic - -

energy. The water in a river that starts high in the mountains -

goes through a simijlar pracess on its way to the sea.

“

.D3-2. When does a river have high kinetic erergy and when
does it have high potentjal energy? o

M 1 3

At'the samie timé, its potential energy decreases. Notice
in Figure 3-5 that when the water reaches the bottor of the
falls, it crashes into th \rocks and slows down again, '

Y -

- (18-3. Locate on<a map in Cluster A the source areas (areas
- where rivets begin) of the rivers that_provide'the kinetic
‘energy to erode and shape 4@ midlands. Why do they gen-
-~/ -erally begin in these locations? ° o

AR
P

“lows,

Ps given have a bear-
question and the material that fol-

'
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Figure 3-4 -
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Energy conversions (potential to kinetic, etc.)
. are made through the transtormation mecha-
nism of work. The water ‘with high kinetic
anergy does work on the rocks at the bottom
ot the falls. Whenever energy Is changed from
one form to another, some of it is changed
to heat due to friction. But evaporation and
other factors probably keep the water at the
bottom ot the falis from showing any tempera-
ture increase. . ’

Kinetic energy increases

Potentlal energy decreases.

Kinetic

/]
KINETIC ENERGY INCREASE

POTENTIAL ENERGY DECREASE
(TS STILL WETTOM E/

e
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The beginnings of a river

Many rivers begin in the mountains, sometimes from gla-
ciers such as the one in Figure 3-6. Notice the Stream braid-
ing its way from the glacier. Notice also the kind of material
through which the stream flows. )

F " o

gin in the mountains usually flow downhi]]
in a torrent. The Water in them is quite clear because the
particles’ of rock being moved by the river are rather large.
The lack of fine sand and silt prevents the Stream from being
muddy.

-,
- v "
....mmw"'-'“"“”” R '

<

In order 1o ba 3 river gource, a glacrer 'does
ot have ta be huye The RYone glacier in
Switzerland 1y only ibout 8 mytes long—puny
In comparrsopn with polar glaciers -hut itis the
source 1 tha Rhong ‘River. which hag tha@
iargest volume of any nver in France.

Figure 3-8

- Figure 3.7
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rMAKE SURE YOV KNOWN The stroan'w table

gggg :'36.%;;"?& In &rder to study the work of rivers in the classroom, it

will betnecessary for you to use a stream table. In order to
E&;gﬁgﬂe ,O ING ON . solve many of the resource problems, you will have to sel
\— : ‘up an artificial stream, using the table. '

One of the problems in interpreting the natural landscape
is that many important variables act at the same time. The
stream table will allow you to control some of the important
variables that are uncontrollable in nature. For example,
you’ll be -able to do such things as create a river, speed it
up or slow it down, or make it flow through types of material
that you select. These pdssibilities can help greatly in de-
ciding how real rivers behave. _ '

The standard setup is similar for all stream-table experi-
ments. Take a careful look at Figure 3-8 and notice the parts
that are used. :

_ The supply bucket should be elevated on
blocks or & box about 30 cm above the table.

"It & oardboard box Is ussd, be sura that'lt is
strong encugh to support the palt ot water
“(about 10 Ib), and also see that it is protected
from slopping with a plastic.Cover. -

Sand-slit
mixture -

. of wood

Figure 3-8 .

{

The stream table is a flat trough contaifiing a ‘sand-silt
mixture that can be formed into various shapes. Water enters
one end of the trough through a supply hose from dn ele:
vated bucket, flows across the sand,.and leaves the other end -

through an exit hose intoa second"l'aa cket. The flow of water °
into and out of the trough can be controlled by opening and
. closing screw clamps. The slope of the trough can be changed- -




.

e .
by moving a support (such as a brick or a wooden block)
back and forth. " o
Here is a list of the variables your stream table will let
you control for expgriments. S::t up astream table and study
them. v « . .o

¢
.
L]

I. Rate of flow in a stream = - . ' -
Notu that some kind of timing device must be

2. Rate.ot flow leaV{ng a lake * - avMlilable for tinung the tiow in seconds. It
3. Making a reservoir - -, P .. your room has a clock with a sweep-sedond

. e hand, it will work tng. Studonts may. haye . -
4. blope, of th¢ bgr".‘lm Coe e : Y their own watches that can be read In sec-

onds You might want to consider asking sy~ N

. . ) “ ) ~ . -\‘: . > H i
L. 7o Control the Rate of Flow from the Supply Bucket - donts for a clock in working order &8 g dona-
¢ . : - tion or a loan.

Most of the strcam~tab!c experiments c‘all for you 10 adjust "Rato of tfow will ba somewhat depondent on
the rate of flow of water into the FESEIVOIr o a certain nuMm-  how tall the supply bucket is. More fraquent
ber of milliki . cag . ; IS IS easy. .t y« - feplonishing witl maintam a more uniform
ber of mllhhteg per second Doing this is easy. You simply Clevel dnd resplt 1n more sonamat orm
tme how long it takes (in seconds) for the supply hose to fiow. .
Aill a 100-milliliter beaker. You car® then calculate the rate '

- of flew likg this (the example assumes that it takes five sec-
onds to'fill the beakér): =

100 ml (volume of water) - .
z . _ = 20 ml/sec (rate of tlow)
5 sec (time) oo -

(-4

s

. .

"

ACTIVITY 3-1. Set up the stream table ‘and pour \ivate( into -
ythe supply bucket.. To reduce the rate of fiow, tighten the
-screw clamp. Opening the clamp Increasgs the-How. Adjust

- the clamp so that you get a-rate of flow of 10 mi/eecond.

- (Note: The rate of flow values. given In the resources are
approximate-and can bevaried up or down by 2 ml/second.
Thus, any tate trom 8 ml/secend to 12 ml/8econd will do for
a rate of 10 mi/second.) * : T

N o RN : .
' i \ ) N
When you are sure that you have a flow df’aipi)x?)ximately C . Move supbon block
10 ml per second, change the flow to 5 ml per second. - .." to change slope
You must keep, water in the supply bucket at ‘all times. of troughe | < -

To help you do this, an"extra bucket has bees supplied. . B

When you see the supply bucket becominig empty, replace
the full catch bucket with the extra bucket and transfer the
© water to the supply bucket. You will probably have to do

this every 5 minutes or so. - “ .

- Cautlon Waich the catch bucket. Don't let it owerflow!

e LN

: L '. y




2. lo Control the Flow of Water Leaving the Stream Table

Some resources ask you to form a lake at the bottom’of
the stream table. You can control the formation and depth
of such a lake by adjusting th¢ screw clamp on the exit hose.
If you change the amount of water entering the stream table,
the lake level will also change unless ydh rcadjust the exit-
hose screw clamp.

ACTIVITY 3-2. With the water flowing at 5 ml/sec, ad]ﬁst the
exit hose to cause a lake to form. :

As students begin work with the stream table. .
you might want to spend some time with them -
~ In small-group discussion on-the important
points that are described on these four pages...
One of the things that Iis the hardest for them
to understand is the concept of scaling. For - 2
* “example, suppose a river is simuiatdd by a 3. To Make a R‘f"se’ voir .
' fiow of water 1 cm wide in the stream table. , < P . ¢
~ This might represent a width of 20 meters in , , SOme activities call for a reservoir at the upper end of the |

the actual nver. The ratlo of 1 cm to 20 m  stream table. This is used to observe the effect of a wide,
is 1 to 2,000. If everything eise in the stream

table were at the same scaie, then a tiny grain i sheet of water. In general, a shallow reservoir molded

ot sand 0.25 mm In diameter would represent - near the top of the stream table will serve the purpose. How-
& rock 2,000 times as large, or 50 cm across.
Yot the. speeg at which the real river fows . CVCT» YOU Imay wish to mold a larger dam when your activities

- would not be 2,000 times greater than the  call for a thick layer of sand and silt. Pile up the sand and

speed of the water in the stream table, So the _ gil¢ with your h or use a small board. Fxgurc 3-9 shows
activities only serve as arather rough approx- ‘do this.

' Imation ‘of the actual events and features. where and how
* .
4. To Adjust zhe Slope of the Table

Most resources call for you to raise the upper.end of the

- ) stream table a certain number of centimeters above the table.

s o+ - :Todo this, simply slip a supgort under the stream table.
- 108 - CHAPTER3 . . Then move it back and forth to 8L the aPpropnate height.

137

STt AT




) Sedeladoas A A
i
,'};.'A'.. EEPA T .
!

..a : . oy - .
o Bllnite e ik il

Same teachers have found that a sign saying
“Check the catch bucket' posted near the
stream table 3 a helpful remincer to guard
againsi overflow and the resuiting mess.

1. Watch the catch bucket. You must keep your eye on THINGS TO
the catch bucket to keep it from overflowing. You can WATCH FOR
avoid the problem in some activities by pouring less .
than a full bucket of water into the supply system t S 1

. start with. Any time you use more than one full bucket
of water, you will need a third bucket to trade positions
with the catch bucket before it’s too late,

- Be sure that the water-supply pail is set on a box or
other support about 30 cm above the table,

Keep the supply hose and clamp attached at all times
to control the water flow.
Do not remove the sand-silt mixture from the stream
table when you finish an experiment. The next person
~ using the table will need the same material. =
The stream table i8n't a perfect model. You will not
get exactly the same effects that a real river would
produce. Remember that the particle. sizes you usd are
'very much out of proportjon to the volume of water
flowing through a real stream.

- CHAPTER 3
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Figure 3-10
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(10 CIUSTER B 8

Clustor B (Resources.27 through 30)

x

.. 110 CHAPTER3 &

The river at work

Figure 3-10 shows two diflerent views of a river. In the
picture on the right, the water is flowing swittly, and there
are many rapids in the stream thannel. In the picture on
the left, the river is sluggish, with no rapids, and the sur-
rounding land is very flat,

[13-4. What factors cause rivers to flow swiftly, to slow
down, and to carry away rock and soil?

-When a stream reaches the foot of a mountain, it may
suddenly spill out onto the valley floor, as shown in Figure
3-11. There it widens and slows down. -

Pl "‘\ Figure 3-11
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. i © For example, look at Figure 3-
S 4 1 8 streams. Note the great width of
left. Then compare this fast-
the right. Note the deposits

12, which shows two small
the stream shown on the
moving stream with the one on
that fan out on the valley floor. :

v
-

[(J3-5. Why do deposits occur at the floor of the valley as
in Figure 3-12 (right)? List several variables that affect the

deposition and explain your answer in terms of the change
of the water’s pétential ‘into kinetic energy. . '

O CIUSIIRCH

-xp-

. . . Cluster C (Re.sources 31 and 32)
Spécial erosion features of rivers ' :

Up to this point in this chapter you have investigated some
of the factors that control rivers that erode the 'midlands. In
this Section you will be studying some of the special features )
of the landscapes that are due to erosion by rivers, :
"To study these features, we are going to ask you to make
predictions about specific features and events before check- '
ing the resources. Here’s how it works. You will find descrip- - .
- tions of several numbered features, along with two or more
photographs or diagrams, In addition you will find a specific
statement asking you to make a prediction. Read carefully.
‘through the descriptions and examine the figures. Then select
- .- one that you would like to investigate.

] " CHAPTER 3 111
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enter it in Table 3-1 of yoilr Record Book. Test your predic-
tion by consulting Cluster D of the resources. If you are

Cluster O (Resources 33 through 38)  interested, go back and make predictigns about the remain-
ing features.

. . 3-8. Write a prediction concerning one of the features and
IO CIUSTER D S P :
- /

4 Table 3-1
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Feature 1: Waterfalls

Figure 3-13
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Figure 3-13 shows two views of Niagara Falls in New York  The swdent s 1o choose among wazorfalis,
State. The top of these falls is-a flat plain with gently rolling Mo gt paragysmaors You [yt fontorce
hills. Actually, the plain rests about 175 meters (570 feet)  the studonts 1o read xr‘aio{;gh pag:;s 112—112
above sea level. The falls are more than SO meters (167 feet)  before deciiing which resource in Cluster D
high. Each.year the falls cut back into the plain about 1} they wil do.
meters (5 feet). During the last thousand years, the brink
of the falls has moved more than 1,200 meters (4,000 feet).

This has resulted in the long canyonfiat the falls crash into
today. ‘ '

. Flgure 3-14a | _ Figure 3-14b
Another goqd example of the cutting back of the brink |, The Grand Cariyon of the Yellowstone is 1,200 -
of a waterfall is the famous Grand Canyon of the Yellow- fe?t dczep bf:('OV;f Ye"s%;'stone Fa"; The sr?ft.
. . . . . voicanic rock of the Yullowstone Plateau has
stone R'x\'er in qummg (Figure 3-14b). In fa'ct, several brinks o0 " 0T 20 miles by the action of the
in the piver are being cut back at the same time as the water  Yellowstone River. Above the falls, the river
falls to one level, and then to another level, and-so on. Here ;fa'ri‘_“"' sedate as it winds quletly through the
‘there is a sequence of waterfalls, not a single-level waterfall ' ’
as there is at Niagara. (The same section of the Yellowstone
‘River. that appears’in the.photograph is shown in Figure
. . . - ¢ . .

L 3l4a) CHAPTER 3 113
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Prediction 1

Assuming that a difference in rock hardress is responsible
for'the location of both waterfalls, where in each ﬁ&urc 3-13
and 3-14) do you predict the layer or layers of hard rock

. . 9 :
The simple. lubeled sketches should be made ~ 8TC located? Make simple sketches of each figure and label

in the space prgvided i thu Student Record the locations.
Book.

Figure 3-15a , B -Figure 3-15b

Feature 2: Gullies Gullies are rather common in mar{y sections
of the United States becausa of the removal

anure 3-15a is an aerial view of a flat hill (plateau) in
South Dakota. The dark, branchlike features are gullies. The
gullies stand out because they are lipfl with plants that grow

there because of the extra water. ‘
> of trees and other vegetation, and the resuit-
ing erosion. You may be able to direct stu-
Prediction 2 : dents to a loca} example for firsthand ipfor-
mation. |Z :

From looking at both the picture and the drawiggg in
Figure 3-15, what do you predict is (1) the direction that the
water flows-in the gullies and (2) the direction that the gullies
tend to grow and get larges?-Make a sketch and label.

: Feature 3: Mez‘ers \

_ One ot‘ the most common features of a river is a bend
or a meander. Figure 3-16 shows a bend in the Little Mis- *
souri River near Medora, North Dakota. -

o

143,

rovided by ERIC

e oS RR A N




T VeANMIYYEY Yt W Gaet .

L ey i e . -n..\-‘.\ﬂ.w‘\ﬂ R d S TE S )

' ’:’L‘t&;}z v '.

\,,..mrd"'-

Here the kinetic energy of the stream

away at the bank of the stream rather
through the rocks.

is being used to cut
than to cut down

.

Figure 3-17a




. The Apaiachicoia River was heavily uded for

shipping cotton trom the plantations to the

. .. Guit of Mexico In the past. it is 5tlil used for
- commercial transportation ait the way from
the Gult up Into Geqrgia. Obviously the for-

"~ mation of sand depoaits that are constantly
" ¢hanging présents a navigational problem.

Figure 3-18

Agent of lRUSIUN

116 CHAPTER 3

The Apalachicola River in northwestern Florida is‘another
good example of a river’s doing work other than downcutting
into rocks. An aerial phou braph of part of tls river is shown
in Figure 3-17a. The water in the photobrdph flows toward
the bottom of the page. )

A

. .
e ¢ T I
T""l‘" e i
.

[ 4

Figure 3-18 shows a Montana river meandermg down a
gently slopin} valley. Notice that the pattern of trees suggests

~that the river bends have swung frOm the far side to the near
side of the valley. .

| v

If the black arrow in Figure 3-17 points to deposits of sand,
prédict where other similar deposits of sand would be found,
and whether the water at that point will be flowing faster,
or slower, than at point A directly across the stream from
thg arrow. Wha¥ do you predict will happen to the land in -

Predict_ion 3

Figure 3- 1_8 that the arrow is pointing at?

Other torces that shape the midlands

an

Itis obmous that water has a good deal to do with shapmg
the landscape. Water is important both as a means of adding
land in some places and as a means of wearing away land
elsewhere. But other forces are also, important in forming
the midlands. Let’s look at some of these.

The two photograpis in Figure 3-19 were ‘taken seven
‘years -apart. Vy(md caused the motion of the sand dune that.

you see. \
N ‘/‘\




(13-7. Based on evidenct in the photograph, in what direc-
tion do you think the sand has moved? Which photegraph
(left or right) was taken first? ) “ -

v . - J
Conclusion .

In this chapter you have been primarily concerned with

the process of erosion as it affects the midlands. Figure 3-20

1s the same diagram you saw on the first page of this chapter.
If you’ve done your work well, you should be ¥ble to describe
and interpret the features as shown. You should also be able

to make predictions about the area and what it might look
like im" the futufe. :

\

Watet'fglls' B“

= it

-

- Figure 3-20

’ . 3 . ‘!
Before going on, do-Seif-Evaluation 3 In your Record Book.

.
-
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Figuye 3-19
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"~ CLUSTER A 24 Average Annual
(Resources 24-26) e = " .
~ Cluster A consists of Resou;ces 24,25 and PreC|m.tatlon In .
e e st the United States -

MAJOR POINT ’
Most of trT United States rdceives from 26 to

_ ~EQUIPMENT LIST
' None 178 ¢m o} precipitation per yoar, with large
areas in the western pait of the-country re-
" ceiving 25 cm or {ess, and only a few scat-
tered greas receiving moré than 178 cm per

" PURPéSE: Yo provide information -on ‘the
possible source ot water tor river formation
trom precipitation.

0- 25¢cm

._ 26- 75¢m

R 76 127 cm

128-178 cm

B - 179 - 254 cm
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| 25 River Systems Map of
" .’) %' r 2 . .
:‘)‘ 5 the U ni ted States PURPOSE T.» show the nver sysmems of the
W "“._ t . ) Uni(ed‘ States. ) -
. \E § . MAJOR POINT
§ '3: EQUIPMENT LiST In genaral. niver systems seem to fiow from

two “divides''—one in the sastern U S. flowing
None . east to the coast and west to the Mi issippi
River, and one In the western U.S. fowing
.east to the Mississippi and the Gulf of gxico

»
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and west to the coast and the Gult Cali-
Columbia Rivery ¢ ‘ _ _ fornia, '
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oo e e 26 Elevation Map of
the United States -

1 A targo srea of high elevation i lecated in
the westenr U 8., with & smudior wiea in the
eastern U &3 '

-2 Most ot tho areas ot 0w —lovatien aie lo-
cated in thi: eastern halt ot the souniry AL or
3. Whaen efevations and river syslams are ex- EQUIPMENT 1IST
amined together. nvers seem to onging U Nono
ganerally in higher elovations and tiow toward.
areas of 1ov..r elyvatign.

A\J

Elevation
(in meterg)

3050 - 5000

A% 5] 1525 - 3049
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“variables gﬂ‘cct the ¢ at which water flows. You will*also

‘will need a partner and. this equipment:

WCEE R T

ot

- trough 4 cm. -

.
O P
. -8
“ ! Nt
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ke
. v
% ‘&
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a3

e
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* not let the catch bucket overtlow! ~ ' . : 'l

' _ l. . ‘Put clay on both-w—r

sides of trough.

2. Varlables Affecting - - CLUSTER B
Rate of Stream Flow Hesources 27-30)

Choster 1)L Cad b s,y hrough
PURPOSE, To mvesligate the factors that S o Chobactor, tul atlo o1 thy tol
affect rate of stream flow : 1 e Y

Rivers and streams can be raging torrents or slow-moving ~ Coe
trickles. In this- resource, you will try to determine what

investigate whether W8 not the speed at which a river flows
is the same from bank to bank. To do the ewperiments, you

L]

1 stream trough . Food coloring

1 dropper =~ . " Supply of gravel AR I N,

I wax pencil - Modeling clay - o S L

1 water-supply system +  &0-cm ruler : Ca R TIieg T
 for the stream trough . S gz\""'“‘ AN VAl

: ' | ! BYATD TN e

ACTIVITY 1. With a wax pencll, mark a starting line 8 cm from Sl LT RN -
the upper end of the trough. Elevate the upper end of “the ) )

v

~

: ACTIVITY 2, Set up the water s‘upplg System as shown. Adjust

the water flow into the trough to 10 mi/sec. Be sure to keep f ity .t

the supply bucket at least half. full of water- at all times. Do triig

-
-

+" v

.

. . ’ ’ e RN JEITI
. ' . L . Piradin] of gy gt
\J ; ‘ap ; e e - oW ICh O v e
£ ] ‘ > )

p il b, K
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MAJOR POINTS

1> Rate of tlow is affecte« by

(a) the slope uf the trough,

(b) the amount of water flowing through the
trough, and

(o) the bed over which the watoer flows

2. The same factors aftect the tiow of natural
streams.

3. Astream normaliy flows tastor in the Center
than at the sldes.

- Note the need for some methad ot measuring
time in seconds

. 122 RESOURGE 27 "\

PR 3 b

ACTIVITY 3. Add a drop of food coloring to the water as it
flows past the starting line. Time how long it t#kes the dye
to reach the end of the-trough. Calculate the speed In centi-
meters per second, and record your data under Trial 1 In
Table 1 of your Record Book. )

d e, Mt o B RSN
L LU SR NP STV WV SR DPEREWL PR Y VL W1
f

Add a drop of
tood coloring.

t,,.:ﬂ!’ﬂ‘c;wk&d}f* e .-"*‘“_ AR
‘“h' '_;’.__':Kate of Flo%gb'
\s,mto Trougn\,h
(xn ml/sec) "i" i

Ak 0 e
“}.+Normal %[ "%

iy

AR A -
PR _f-}-ljl_prmal_'.: -

AN

V'iNormal;.'%f- o

: GT&V%- s -'
: R -_-r.'._-".'*povcted«\ :
o e *“"M&f’i"’ifx“ﬁk ~. e'»xq..ﬁﬁd;;:-‘*m* ,’;i‘,i‘"ﬁ Mj

Next, you will carefully’ Yand regularly change the slopc
of the trough, the amount of water flowing through the
trough, and the bed over which'the- water flows. You will
then decide whether or not changing these variables affects
 the rate of flow down the trough.

Set up and carry out Trials 2 through 5 as desciibed in
Table 1. Measure the rate of flow down the trough for each
trial and enter your pesults in the table Notice that increasing

151
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A

the rate of flow hay the effect of increasing the vilume of
water i the trough. Note also that Tral S calls Yor you to
spread a layer of gravel along the stream bed.

If you did caretul work, you_found that mereased slope,

mereased volume of water, and a smooth bed all cause the
water to flow faster down the trough. These factors influence
the rate of flow of water in natural streams, to. Rivers flow
faster on steep slgpes, when swollen by rains or melting snow
at certain seasons of the year, or when flowing through beds
with tew obstacles.

One of the questions posed at the beginning of this re-
source is whether or not the rate of flow in rivers is the same
from bank to bank. You and your partner can use the trough
you've set up to answer this question, too. To do this, sct
up the apparatus as described in Activities 1 and 2. Then
~add a drop of food coloring and watch it closely as it moves
down the trough. Try to decide which shape in Figure | most
closcly resembles the front edge of the drop.

. ' Figure 1

You probably found that the front edge of the drop looked
most like A above. This tells you thaf the stream was flowing
faster in the center, ahd slower ajong the sides, of the trough.
Natural rivers and streams flow this way, too. How do you
explain this c.iiﬁ"erencc in speed from bank to bank?

/

\

[

The amount of graved uaed i Tnatl & may v.ry,
but it should b sutficien: to noti aably aiffect
tha tlow in the stream vough The raveld
“hould by removed at tho Condcuaon of the
tral With the wot samd. proluably the best
method 18 preking the mdividual pebblas ot
by hand

The friction of water agn'inst the surtface over
which it is flowing is more pronounced at tha .
adges than in the canter. of the stream.

) - . .
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EQUIPMENT LIST

1 complete stiedm tablio
qudarod milk solution
1 dropper

PURPOSE: To mivestigate the relationship bo-
tween rate of stream flow and particle-
carrying capacity.

|}

MAJOR POINTS

1. Where a-stream, flows faster. more and
.larger size particies are carned along by the

.~ water,

* 2. When a sti:am slows down. particles are
dropped by the water. with the larger size
. particles being dropped first,

28 Particle-carrying ~
‘Capacity and Rate
of Stream Flow

How big a rock can a stream carry along? Depends upon
the stréam, you say? Sure, it’s pretty obvious that fast-moving
streams have greater kinetic energy and, therefore, can carry
bigger rocks. But the rate of flow of streams is not con-
stant—they speed up and slow down many times over their
courses. What happens to the materials being carried by a
river when its rate of flow changes? That's what this resource
is all about. *

For these activities, you will need the following materials:

I complete stream-table setup »
I powdered-milk solution '
1 dropper

-

Al

» .
ACTIVITY 1. Set up the stream table as shown. Use a bucket
to fill the lake uptil water just leaves the outlet hose. Adjust
the inlet water flow to 3-5 mi/sec.
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ACTIVITY 2. Add a drop of powdered-milk solution to the
water and note the places where the stream’s rate of flow

_ * changes. Note also where particles of sand and sliit are de-
s I posited by the stream.

*‘ 2. Add a dvop of
.,}“.‘- § powdered-mllk solution.
ki Y _

tionship between the number and size of sand particles\ Another of the discrepancies between the .-
. ximulatod river Stieam table and th
dropped by the stream and the changes in the stream’s rate )\ ¥MVIetod river in the sueam table and the

. : 3 actual niver in nature is the time factor. In the
of flow. As the stream slows down (loses kinetic energy), it \sveam table. sand is moved (fortunatoly)
drops part of its load; as it speeds up (gains kinetic energy), er rapidly But in an Acludgmoandering

Lo .. ; - v may take thousands of years for a
1t picks up additional materjal. . - . single grain of silt or sand to move from
This general process works in nature as well as on the  'Mountain peak %o seashore. It makes the

. . juurney in a series of short hops. For several
stream table. Take a look at Figure 1. Can you predict at  yays it may be swept downstream. and then
which points the stream is moving slowly and at which points  10dge itself in a bank or backfiow, where it

. T 9 e . remains for many years belore making the .
1t plckb up specd. . next short journey,

| - :'-'-:’// :‘71‘ «Q\\\' f =
3 A 7 ’//I,//,'M ” ‘ ‘

X i

v %{m\\‘

K\\%ﬁﬂ“w W///c R 111111714 | |
g | |
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EQUIPMENT LIST
1 complete stream table

PURPOSE: To nivestigate the controlling fac-
tor In the depth to which a stream will cut a
channel.

<

MAJOR POINT

*  Astream cuts to the level of the body of water
into which it tiows.

Note that the stream table is flat instead of
.* sloping. Have students till the lake first. and
then shape the sand to give a slope down to
the lake shoreline. The upper part of the sand
could be about 5 ¢m deep. Then trace a stait-
ing stream channel with a finger. The outlet
clamp I8 closud, so the lake level wlil rise as
the stream flows in. This will give students
time to watch where the downcutting stops
and deposition takes place, Hopefully they will
observe the downcutting stop as the lake
water comes up the stream vallqy.

Elevation of the stream table 1 cm can be

“done with a thin board or with cardboard’

‘pleces. With an increase In slope, the stream
should dewncut until its valley depth again

" . reaches the lake level.

29 How Deep a Channel
Can a Stream Cut?

This resource will help you find out if there 1s any limit to
how deep a channel a river can cut. You will need a partner
and a complete stream-table setup.

oy

ACTIVITY 1. Arrange the sand mixture on the stream table
as shown. Be sure to give the proper slope to the sand. Notice ™
that the stream table itself is level_gnd that the lake level
comes up to the edge of the sand. ust the water flow into
the reservoir to 5 ml/sec. Notice hoﬁ, deeply the stream cuts
into the sand.

4
When.the stream stops cutting, compare the depth of the
gully with the level of the surface of the lake. You should
find that they are approximately the same. A stream cannot
cut a gully, canyon, or valley whose bottom is lower than
the surface of the lake (or sea) into which it flows. You can
see this more clearly by changing the slope of the sand in
your stream table. ' o
Repeat Activity 1, with the reservoir end of the stream
table raised one centimeter. Notice what effect changing % -
slope has upon how deep a channel is cut. Notice also L
the stream still cuts only to the level of the surface of the
lake.

155




The principle that a stream cuts tq the level of the body
of water into which it flows applies in lﬁiturc as well as on
the stream table, Take a look at Figures
you account tor the differencein how deeply these two-rivers
have cut?

I and 2. How do .

-

O

The stream in Figure 2 was much higher
above the body of water into which it was
tlowing than the stream in Figure 1 was.

*

L

Figure 2

RESOURCE 29 . 127
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Figure 1
»

. MAJOR POINFS

1. The stream itseif often drops obstacles in
" its bed.

2. These obstacles cause th® stregm to divide
into more. than one channel.

30 Effeétg of Obstacles
" upon Direction of
Stream Flow. o s

PURPQSE:. To examlne reasons for stream None
brading. :
In this resourcc, you will study photographs of rivers flowing
through several kinds of materials. Your problem will be'to
note*and try to explain any changes in a river’s course as
a result of obstacles it encounters.

First, take a look dt Figure 1. Notice that the river is
flowing through an area of large rocks. As the river flows
aroundsome of the rocks (Fxgurc 2), it is broken up into
a series of small streams, (This is called braiding.)

Take another look at Figure 2. Notice that the boulders

" that caused the braiding .are located at the point where the
"mountain begins to level off. These rocks were very likely
_carried down from the mountain by the stream. They were
- droppcd where thcy are because the stream lost speed (ki- .

netic energy) as it hit the bottom of the slope. It is at points
like this that one most often finds braiding of streams.

The river in Figure 3 is braxded too. What caused the
sphttmg this time?
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THERE. IS SOMETHING)
FIGHY ABOUT THIS
BRAIDED RIVER

EQUIPMENT LIST

31 | AIIU’ViaI Fan1 complete stream table .“
- Formation -

PURPOSE: To investtgate how and why allu~  Cluster (i consists of Resources 31 and 32.
vial' fans form. - It is conterned with depositxor_ml processes. -

Sometimes stone, gravel, and silt washing down a steep slope y

form a fan-shaped deposit at the base of a hill. Such deposits

are called alluvial faks. Figure 1 shows several, alluvial fans : '

in Death Valley. g ° , - ' CLUSTER C

- In this resource, you will have a chancé to investigate for - (Resources 31 and. 32)
"yourself how and why alluvial fans form. To do it, you will , . '
ne¢ed a partner and a complete stream-table setup. | '

- 1
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Figure 1

MAJOR POINTS

1. A fan-shaped deposit at the bottom of a ' i
" steep slope Is called an alluvial fan. _ACTIVITY 1. Set up the stream table as shown. Adjust the

2. Factors such as amount of water flow, _ rate of flow into the reservoir to 5 ml/sec. Allow the water
loosgness of material, steepness of slope, and -

variation in water flow may affect the forma- - to flow for several minutes. Observe What. happ %

tion of allyvial fans. .

Did you get an alluvial fan to form? Once you have suc-.

ceeded in getting an alluvial fan to.form, you are on your

»own. Vary -the procedure outlined in Activity 1 in any way

" 130 RESOURCE 31 - that you like. Keep in mind that you are trying to learn the
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conditions present when alluvial fans form. Here are some
variables you may want to experiment \"lh.

Amount of water flowing down the hill

. Looseness of the materials over which the water flows
- Steepness of the slope the water flows over

- Change in the water’s rate of flow

to —

&L

Figure 2

L 4

Figure 2 shows some white areas in addition to. the alluvial
tans. The water that brought down the material that formed
the fan carried dissolved materials with it as well. In a dry
Area like Death Valley, water cvaporates very quickly, leav-
“ing the dissolved material behind. The white material in
Figure 2 is mostly salt. ' EQUIPMENT LIST

< ) 1 complete stream .able
Knite -
1 baby-tood jar

32 'DeltajForma'tion- and'

Changes in Sea Levgl

"'PURPOSE: To investiyate deita formation.

Soil, sand, and gravel drop'ped at the mouths of rivers build
up, into fan-shaped deposits called deltas. The one at the

- mouth of the Nilg grew slowly over.thousands of years, but_

k|

, 166

Studonts Lhould bo bl to discern, trom tha
achvity and trom  the Hustrations, that an
abrupt love ng ot g sttuam channel makes it
npossibio tor the stroam to catry 1ts entirg
load As b toad s dropped. a fan 18 formed.

his 15 & Mitle dithicult 1o sunulate with the
stream {ably, because an abtupt chango in
Slops 15 haud to got

MAJOR POINTS

1. A delta is the tan-shaped deposit dropped
at the mouth of, a river,

2. As ariver flows into a sea or lake, It slows
down, and s ability to carry sediments- is
reduced. .

3. Thelargei particles are deposited first..and
the finer particles setlle in deeper, stiller
water. .

4. Multiple deitas result when the sea or lake
lavel changes

5. Rate of stieam flow has an elfett on the
speed and size of delta tormation.

\7 3




The Misswsipbl River drops 2 million tons of
sediment a day into the Guif of Mexico. This
great a load is actually deforming the crust
of tl@ earth and causing it to sag about 3 feet
every hundred years. This has been going on
for such a long time that the sediment is now
astimated to be 30,000 feet deap at the river's
delta. The sagging will probably cause some
adjustments in the distant future; uplift may
occur In lands surroynding the Gulf.

132 RESOURCE 32

you c¢an make a simulated delta in @ few nunutes. @

Get the complete stream-table setup and a kntfe for shap-
ing the sand. Then do the tollowing activity.

h

important Note: The stream-table activity 1s an attempt to
reproduce natural conditions as closcly as possible, but 1t is
most important to remember that'it is not a natural stream.
The size of particles in relation to the size of the stream and

- to the rate of flow is not the same as in nature. Neither is

the time.

ACTIVITY 1. Set up your stream table as shown. Adjust the
rate of flow Into the reservoir to 5 ml/sec. Allow the water
to flow for about 10 minutes.

Caretully watch the buildup of the delta and note what
happens to particles of different sizes. Leave the delta in
place for the next experiment.

.

" Where are the finer particles deposited? Compared with
the coarse sand grains, are they closer to or farther from the
shoreline? T

What you have just seen in the-stream table is very muchi
like what happens at the mouth of a large river. As the river
flows into a sea or lake, it slows down, and its ability to carry s
sediments (particles) is reduced. As a result, its load is
dropped, and a delta is gradually built up from the deposited
sediments. The fine particles are deposited in the deeper,

stiller water.
- 181




There is much evidence that the level of the
changed many times in the past. If the
a little or the sea level were 10 rise a little
of the shoreline could move some
Figures 1 and.2 show how the shoreline has moved on
Florida’s Gulf Coast. (Figure 1 is an aerial photograph, and
Figure 2 is a diagram to help you understand the phol(')/~
graph.) ¥

sedas hay
land were to sink
» then the position
distance. For example,

.. Vol Old sand dunes
’ % and previous

Previous
shoreline (ancient)

Present
beach

Figure 1

shqrglines

.

Present
shoreline .

Figure 2

Old sand dunes left behind ’
when sea level dropped

Previous
shoreline {recent)

Present
sea level \d
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You can use the stream table -to.model the effect of the
changing sea level upon deposition of materials.
*
ACTIVITY 2. With the delta from the previous experiment still
in place, carefully raise ‘the lake level as shbwn. Without
disturbing the delta you formed, replace the sand-siit mixture,
at the top of the table and allow the water to run for another
» 10 minutes. The rate of flow should once again be 5 ml/sec.
Notice how the sand is deposited this time.

Clamp
closed -,

‘ ¥
You should see a new delta forming on top of part of the
& polp
original one. When you sce the second delta forming Llcarly
try simulating flood periods by pouring a baby-tfood jar of
water quickly into the reservoir every half*minute. Move the -
jaf as you pour to stir up the silt. After about 10 minutes,
Jar as you p p . . :
# students examine a map of the United  StOP the water flow and completely drain the stream table, . .
States closely (Resource 25), they wlil see You should now have two deltas, one -overlapping the
the multiple deltas of the Mississippl. New other, as shown in Flgurc 3. .
leans Is built terial deposited as an
f,’,;gﬁ“‘,’,,jagz', dc:,\,:' “T‘,’,Z;“p,e‘;‘;‘,’,‘i,ye’,o?;mg  You have observed that dcposmon of sediment in a delta
delta Oé the river Is over 76 mnesf::outheast “sorts out the size of the grains. And _you should realize that
. In the Guit. The sea level (or Gulf level) has | .
changed over the cemurleg a eombination o.f rate- of the stream flow anfi decopncss of
the water determines where the particles deposit. This double
delta cflect—the position of one delta on top of another—
: occurs when change of sea level takes place for some reason
- 134 RESOURCE 32 (by melting,of continental glaciers, for example).

| 163
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B Figure 3

1]
.

. ) Cluster D confists of Resources 33 through -
16, and is concerned with erosion by running

i | \J L . . i wator. )
- 33 Waterfallsand = = "™ CLUSTER D
"C’ ' Roék Hardness : | (Resources 33-36) o

‘PURPOSE: To Investiyate the rolationship oé/. ) . EQUIPMENTTIST . .

“rock hardness to waterall tormation.’ .
s . ] . _ . . 1 complote stream tabla :
This resource‘deals with the intera tion of waterfalls dnd the' 2 sheets of plaster, aboul 5 cm x 10 cm x°
) . ' 0.3 ¢m '

.

crust of the carth.” You wifl learn how the hardness of the

rock and its structureatlect the shape of the falls. E
Figure 1 shows a waterfall in Indiana that is tumbling over o 00 POINTS o ..

a ledge of rock. Can you guess how the hardness of the rock

at-the ‘top OI')thc waterfdll differs from the hardness of the * pendent on thé hardne:s of the rock

rock at 'the"T)oltum? 2. 1t the top layar of rock Is hardar, a waterfal}

‘ Y ) with a sharp edge will result: if the underlying . _
. With your stream table, you can test the effect of relatives  rock is hardor, the edye of the waterfall will *
hardness and work out a-model for the process taking place.  be rounded. S R
bt e theg £ . L . .4 It all tha rock is one kind of hard material,
To do the activities that follow, you will need a partner and ‘g falls cut back slowly. . :

the following_ _mzitcials:- - ,

>

1. The way hat waler erodes material Is de-+

.

- o™
.

- "1 complete streai-table setup
~ 2 sheets-of .plaster, a

’bou} 0.3 cmy thick by 5 cm, wide by
10 c¢m long ' B




Figure 1

.k‘ ‘. .

L J

.

-+ The proparation of the plastir sheats, which ACTIVITY 1. Set up the stream table and sand mixture as

rupresent & hard tock lager”)s dyscribed on shown. Make a layer of sand-silt mixture about 3 cm deep.
the last page of Chaptor 2 material. in the  piace two sheets of thin plaster on the layer as shown.
taacher notus entitied “Get It'Ready Now for” ] - Ce

" Chapter 3." : .

S

2 shee}s of plaster,

L4




ACTIVITY 2. Now cover the plaster with a layer of sand, and
make a slight valley so that the stream wiii flow over the top
of the burled plaster. Start the water flowing.

4

4

‘. .0.-."'\-—:., T
ARRERS

'

ACTIVITY 8. Adjust the water flow into the reservoir to 5
ml/sec. Let the water run down the valley untll It has eroded
enough to uncover the plaster. Allow erosion to continue for
about 5 mlnutea) after the plaster Is uncovered. -

o

]
L3 ]
N °

. <A

. i Hothe water s allowed 1o flow for a long
The plaster represents layers of harder sediment or PCI= cnough’ umc. the stream will undercut the

ps a lava ﬂow bctween be‘diments' hﬁ'bdnd'Sllt mix[ure pl:l:}tl‘.r Sheasts It o wida shicam waere used, it
. might be puossible to undercut enough 1o
represents softer rock abow® and bélow the harder ‘rock. Gausie the plster sheets to collapse. modeling
When the plaster bécomes éxposed, what happens to the rate- - ”;u nction”oi o talls cutting its way up a
. . . . Stean, .
‘of erosion upstream and downstream from it? :
Now take a look at Figures 2, 3, and 4. These drawings

show two possibls éffects of water flowing-over falls like the RESOURCE 33 137
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OUC You luxl loohad at. Try 1o decide fomcally, on the basis

Flgure 2 repraz.onts the « ettt Tha el g vou've seen, wlneh set best Fepresents what s gomg
puthole at the boltomas v+ - LWL ey

hoto onan Figure 1

il Figure 2

Ry P e et 8 g

Illlll[l

[

Waterfalls ave commorr landscape features where water
Hows rapidly over a hard rovk ledge. When the ledge rests
on softer rock, the water will erode the softer rock t.mc: than
the top laygr resplting in a sharp edge to the falls as shown
in Figure 2. Notice lhc pothole (deep pool) forming at the
basc of the falls and the flat chunks of rock that lm\c broken

138 RESOUICE 33 off into it. o :

Aruitoxt provided by Eic:
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In Figure 3, the rock beneath the top lavers is harder than
that i the stream bed; *the top Layens, therefore, erode more
quickly. making-the edge more rounded. Notice that no
pothole s formed. :

In Frgyre 4 all the rock s made of one tvpe ol hard
material, and the falls cut back slowly. No pothole 1s formed,
and ‘the shape of the falls changes very little as the river
crodes away the rock, a

It you've done the resource on distinguishing rock types,
you may be able to guess which rock types are shown and
discussed above. Which do you think is igncous, meta-
motphic, and sedimentary? '

| 4

- Gullying and Erosion’
of a Plateau

_ , PORJLCEAL TN
e fonnalion o) '

bi Oy

1 Y T . R . L TS A PR P TR

In this resource, you will study what happens when water
runs off'a tlat-topped hill. To do the activities, you will need

a complete stream-table setup and the help of a partner.

R

ACTIVITY 1. Set up your appératus as shown. Be sure that
the flat-topped hill of sand is at least 5 cm high.

-

5 ¢m high
‘ {

LS IR

T e m_nf;'.*glj'.-l flal tojyod 1l con
Sl e e o el qudieg g formeny
2OWhea o e, acl Luger anel longare from
Peavy c0inali flue procens, 15 Caliod headwanrd
(R ESINER TR




ACTIVITY 2. Adjust the rate of water flow to less than 3
mi/sec. Move the hose back and forth as the water falls on
the hill. Notice what happens to the sand as the water runs

off the hill. Try to decide why gullies begin to form and how
they become longer.

Move the hose
back and forth.

Figure 1 shows the effects of water running ofl’ a
fairly loose material. At on¢ time, the area probabl
RESOULCE 34 tained only a single gully. As water flowed into 1

Aruntoxt provided by Eric e . ) X .
r 0 . - o




gully from the sides, the branches you see in the photograph
formed.
. Notice also that watertalls have been formed at the tops
of some of the gullies. During rainstorms, the water that
pours over these falls gradually erodes away the lip of the
gully. In this way, gullies become longer and longer. This
process 18 known as headward crosion,

What's the difference between a gully and a canyon? Will
the area in Figure 1 ever be a canyon? 1f you would like
to know ‘more about this, do the next resource.

L

25  Gullies and Canyons—
A Comparison

f

Look at Figures 1 and 2. Alfhough the small gully in Figure
2 doesn’t look much like the Grand Canyon shown in Figure

I, there 1s a lot of similarity in the way they were formed.
This resource will help you understand the difterences be-
tween gullies and canyons.

Figure 1

—d-.\ ' 4)‘,;"’3-1“’!'\'

Aruitoxt provided by Eic:

.




A quoston night bo poeasd for S0 o
AFeusson  Can a qully become g can,on *
Probably, aome toatares it st utod as ool
In relatively L o matemal T warn ¢ Ly .
flod as canytns But mont ut thy well kovawn
canyons In * o Umted Stabee, JRa fvinnd i
araas that have e carac oy e s listend fierp

.

3 -

p 1

142 RESOURGCH 35

Charavieristics of Canyons

A}
L. The land being carved

1s usually hard rock that

Is quite resistant and
breaks up into loose
material very slowly.

2. Canyons usually form in
a relatively dry climate.
This means that very liule
waler runs into the canyon
from the sides.

3. The stream domg the

carving of canyons usually
origimates m o much

Chigher area.

4. Because the stream
comes from i higher source,
it moves through a canyon

very rapidly.

L3

5. The fast-moving stream

!

between gullies and canyons,

. . . A )
In & canyon carries a large the particles are usually
load of rocks. These rocks rather small,
help to cause turther
crosion.
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‘Taken as a whole, the characteristies of canyons tend to
*result in steep,. almost vertical walls, while those of gullies
. produce gentle slopes. This is the most important difference o

Characteristuies of Gulles

[ Loose maternals from

the sides of gullies wash ,
casly mto the stream /
the base of a gully.

2. Ramftall is common

where gullies form.

3. Runotl water from the
surrounding land tumbles
over the sides of the main
gully and forms many
branches.

4. Water flows through a
gully at varying rates.

- The gully deepens most
rapidly where the slope
IS sleepest.

5. The load carried by the
streams i gullies some-
times moves rapidly, but

gy




36 Action of Water e
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Niovi ng in a b

b iy beed oq

Curved Path

OOt 1o ettt ey o e foo! whlar
taveihig 10 cotse O st o the crooaon and
dupontion of gl g fo tinesfenita the

: : L SR BT e fver el o g fhe s, |
Most of the other resources deal with water flowing in a 700 e et vt the nounding
straight fme. In nature, however, most rivers move through
quite a number of curves. Does anything special happeid to

water that moves in a curved path? It so, does this produce PoWader Baaveting o path will de-

. . ] ) i o e posatmalenal <o e e o e v,
any mmportant cftects at points hike river bends? These are DOWalen el mn i coe s wall erode

questions you will tackle in this resource: To answer them, © marerlal fion the ot of e e

. A ohe comne of a4 Gmving S whianges
you and a partner need these materials: Contimuaty

r . . BN e capb . Ly Ll y e bovee by thian Rgolf
| cumplclc S[[Cilnl"lilblk‘ .\ctup Sodhe windoingy oo L (e natar) Gan
l paper disk. & ¢l in diﬁlllﬁlﬁf.‘ ' n-l-.ull e reChoe, besng e ol to larm oabow

. Lahee.

I teaspoon white sand
I beaker HNote that e Lediber Lhodd he Linly Lauge to
D Dhia 1o sen e deposanea of sand In the

center. A gallon upwyennenee g could he
e,

NMATOR POIN L

First, get some water moving m a curved path and loof at
1. F}

-

ACTIVITY 1. Place 1 teaspoon sand in a beaker three-fourths
full of water. Stir the water until it swirls around in the beaker.
‘Observe what happeng' to the sand.




" gy PV By § R RARGS L Taaa e ne
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You may have been surprised to find that the sand in the
swirling water piled up in the center of the beaker. Why did
this happen? A simple experiment can help you decide.

" ACTIVITY 2. Mark the paper disk as shown. Push a pencil
through the center of the disk and, holding the pencil between
your palms, spin the disk slowly. Notice which letter moves
fastest. -

-

The water m:ving around near the outside of the beaker
clearly traveled a greater distance in the same time than did
the water near the center. Described another way, the water
near the edge traveled at a greater speed (or velocity) than:
did the water in the center.
Thd slower water moves, the more likely it is to drop
s She s whateber load it s carrying. This fact is very important as
"«,\mn.,.“ water 'x_noycs iq a curved path, :I‘hc next activity will allow
e you 1o learn still more about this.

ACTIVITY 3. Arrange the sand on the stream table as shown.
Be sure that the sand is wet, piled deeply enough, and con-
toured according to the sketch.




ACTIVITY 4. Trace a path with your finger as shown. The path K ,
Wt s_hould be cut almost to the bottom of the sand (about 2 ; cm ' '."
deep). Adjust the flow of water into the S?servoir to about 5
] ml/sec, and allow the water to fiow down the path for 20 _
) minutes. Then turn off the water, but leave the sand in place. . ; " , "\

N RN ™

Now take a look at Figure 1, which shows the Apalachicola  * , S

. River in Florida, and Figure 2, which shows a small stream ¢ v I s

in North Dakota. Notice that sand is deposited on the inner T .

parts of cach river bend, where the water moves slowest, On
 .the outer part of the curve, the water moves fast enough to - :

keep the sand from falling out. In fact, the water crodes the : ) ) .

outer bank away as it rounds the corner. ’ '

>
* Filgure 1 : Figure 2
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R A .70 rovided by Exic [

1t 18 one of the  oddiios, of natuia lh:k A
straight nivesr toa-n 10 rameun sdeeght, and
curving nver ter lo'curve mora 1l ordor o
the undercutling to procecsd a0 ~hown, the
river must etther Have a curve in st ar dovolop
a curve Jue to 1o lafive Sottr.ens of bank mate.
rlal or the divarsion of tha stecam Ly an obed..

cla droppead in 1

Frgure 3 diagrams what a river does to the outer bank
of a river bend. Notice that the water, along yah the rocks
and samd 1t carnes, s thrown agamst the out€t bank. This
produces an undercutting of the bank and causes the i
of the bank to overhang more and more. Finally the Tim
collapses, becomung part of the load thatewill act on banks
farther downstream. .
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Notiee fhat the cutting and de
the stream 1o wing w

durng periods of heavy rain,
Hooded, and then rate
this cfeet by incre

posttion at the bends caused
ider and wider, This is wilt happens
- nature with fairly slow-moving rivers,

But SOMCHNICS,

these same rivers  become
of flow increases. You can duplicae
asing the rate of flow of water into the
Mream-table reservoir to 15 ml/see. Notice

what cfleet this

has upon the meanders in the stream bed.

The big puint shown by the activities you've Just done iy
much wider than itself. It does
ring slowly in its course. This

that a river can cut a valley
this by meande

SRR LN IS TN R B FR Paver A\
e the: e a2 ot e,
e et Cuery o Loy W

EETTYTRIY Y

action is sum-

- marized in the series of sketches in Figure 4.

P
RN
R

C. Valley walis widen as meander bend cuts into
the valley walls,plcking up rocks and soil, and
depositing them along the valley floor.

E. The valley, continues to widen as fhg meander
moves to the opposite‘side of the valley,

D. Dotted lines show old river path, This oxbow
lake mfmed when the river shortened:its
in.

path
~ Wide

F. Notice how much wider and shallower the
valley has become because of the river carving
away the valley wails,

"176
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tlastar L onsists of Resowrta 37 ¢y

CLUSTER E |

MAJOR 'UINTS

1. A sanu .{ung forms whan a w.od blows the
#5and up g gentlg stopo and diops il o stoop

siope on the tarthar side.

4. 5and (unug move in tha directior it the

nevailinge wind blow-,

4. Veget.-tion or othar obtacies (.an heop

dunes trom moving. -

Figure 1
4. When and is deposited in layers by wind, »
1it4s called dune bedding.

. 5. The laaring of sand In dune bedding can
help to dc-cide whether a sedmentiry rock is
wind-depasited or water-deposited, and can
also Indir ate the direction of tha prevailing
wing thatl tormed the dune.

148 -

CHotmation and movaomer-t

" Behind many beaches and on manv island desert plains,

FQUEMENT LIST ) .

1« Codnd b | SHYRLN] TR VIS ’ . ) T
PL .

37 Dunes on the Move
PUFPOSE To developa medal to-and dune :

there are great piles of sand called duney St. George’s Island,
in the Gulf of Mexico, has many sand®dunes. One of these
dunes is shown in Figure 1. You can sce the Gulf in the
distance, beyond the dune. LT

Predict how the patfern.of'mark'ings was produced on the
face of the dune. You can check your prediction by finding
a partner to help you with this activity. You will need:

~Cardboard box (size of shoe box), with oné end removed
Handful of sand ' . -

177

-




’ .
ACTIVITY 1. Bulld a smpn sand dune neai the open gpd Oof  NUIL Bu o e s s
your box. Put your mouth level with the bottom of the box, *ore i i, o
and blow gently but steadily. Move your head from side to ' '
side to distribute the wind evenly across the plle of sand.

Take turns with your partner until the sand pile moves abou!
10 cm (4 in). - [

iy i Cledn hos

Pile
of sand

About 8" away,
blow gsntly and steadily.

D1 What happens to the sand on the side of the pile facing
you" What happens on the olhcr side?

- ‘e
.

Sheltered -
area

Wind d"éc'if’" o > > ¥ Sand falls down
. ' . R -)\.. 3 a steep slope. .
. ' o

‘Sand blows up
a gentle slope ;?

.~
J'-c .

'0' -,

RIS R) .,.,"'&5.‘ 1 5 ,R"?&&‘Iu‘h).l:&&xm
X% R

-t'.'::':". e e e .:. ).'. e
Dune moves
forward.

Figure 2

You have just simulited the action of the wind on beach
or desert sand. In both places, the wind builds up piles of
sand called dunes, as shown in Fi 1gure 2. Dunes cdn bé moved
_considerable distances cach .year unless they encounter some : o
obstacle that slows or stOps their progress, as in Flgure 3. RESOURCE 37 149
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(2. thxt agent is pmuumu lhc movement of the sand
" dune i Figure 3?

.

Students cour§ simulate obsmcles by pushing At the simulation experiment you carried out, you ob-
Proigenng sm.ill wbjects (9"”‘3“5 focka into served the sand grains rolling down the far side of the dune.
lmdg;me 4 period of wmlhcr with little wind, followed by
a period with strong wind, followed by another calm period.
~¢te. Then look carufully at Fiffre 4, a close-up, of the dune’
@ . you examined m Figure 3.- -
Figure 4

.‘_.
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L13. What do you see at X, and whit caused this feature?
A , . .
[]4. In what way does the X feature difter from the structure 4, Water daposated sand i generally 1 hor-
of asand deposit formed in water? (Hint: Don't guess—think  2oBtar layors uniess they have boon titod)
. . i Wind depueated sand s found i ited, cuty-
about the simulation experiment results and look back to Ing layers.
L}
Resource 7.) X o .
Another canservdtion gem Some voyetation,
. Lo L ) . such as swa vats on the Flonda coast. are
Bedding Qf this kind is called dune bedding and is one Way  protactpd by law because the plants have the
of deciding whether a sedimentary rock is wind-deposited © #biity to grow in beach sand and kewp it from
. . - maving, thus mamntaunung the dunes along the
or water-deposited. . beach.

Figure 5A

’ ) )
(5. WHich figure (5A vor 3B) represents dune bedding?
What was the direction of the prevailing wind? *~ !

In this resource, you have looked at wind transport of
sand. Sand grains are blown along ncar the ground and in
the process become angulaf"}fand sharp. They move up the .
face of dunes and fall down the other side. In this way, a

* dunc may move long distances over a period-of years. A new
dune starts behind it, and soon a parallel set.of dunes is
marching across a landscape. Dunes bury objec in their
path and may kill vegetation. If the vegetation ¢an grow thick
and tall gnough not to be buried, it may eventually hold the’
sand andl stop it from moving.

R
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EQUIPAL NT LIST ¢
Per studtent-team

1 comyprutu stream tybls
1 wowd -0 block
Handfui ot yravel

Resourcaes 3d throuagh 47 o usad i thre
chaptor Thay are Qrouped i the tollowing
clustars Clustar A, 38 through 41 Clusley 83,
42, 43, &hd 44, Clustor G, 45, 46, andg 4/

The Shorelands

CHAP 1t 1B EMPHASIS

The Inte-raction of vcean waves and the contl-

nental murging produces features that are

ciasgitret rs shotelands Vanables such as the |
enurgy « ! «avas, directton of wave movement,

type ot coastiing, and tidal changes have an

Influenc < N the resulting shoreland

If you've never tasted a peach, you can hardly imagine its
flavor. Fortunately, the same problem doesn’ t exist with land
features. The student who lives in an interior state like lowa

may still have a good idea of what the shorelands of the,
. United States are l ¢ even though he has never visited them.

In fact, he may hdve an even better idea than .a resident
of a coastal region. The latdr may sometimes think that all
coastlines are like his own, forgetting how varied are the

lands that border our major lakes, the Gulf of Mexico, and
the Pacific and Atlantic oceans. The gcologic features of the
shorelands are different in different’ r%xons
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4-1. The absence of the cottage in Figure 4-4
is a good Indication that a hurricane passed
through, causing a rapld change.

4.2 Yes, the siad and the cottage~were

-

probably removed by wave action. The trees

appear .undamaged, so it Is likely that the
wave action rather than the wind removed the
coti®ge during the storm

Figure 4-2

» 1

LHAPTER 4

Study Figure 4-1 carefully. You should be able to see
many of the features of the shorelands sector that you it
noted in Figure 1-4. Why is this coastline narrow and rochy
in some places and wide and sandy in others? Why are some
waves almost straight and others cury cd, and why do they
breah where they do? How did the coasthne get to be the
way it is, and what will 1t look hike i the tuture?

These are not easy questions to answer. As youggvork
through this chapter, you should tind that you can explain
how cach feature of the shorelinds was formed. And you
may cven predict what may happen to it in the future.

The !orce of waves

Any surfer who has “wiped out”™ knows about the tremen-
dous force of just a single wave. Chances arc that he can't
see how this same force changes the land. Over a period of
time, however. he would bc able to see the mmportant
changes. - Look at thic following sequence of photographs |
carcfully. Then answer questions 4-1 and 4-2.

[4-1. Which occurred more rapidly,-the change from Fig-
ure 4-2 to 4-3 or the change from Figure 4-3- 10 4-4?
(Ja-2. Did the same forees @I crosion that brought dbom

the change seen in Figure 4-3 cause the dmnuc seen’ n
Figure 4-4? Explain.




Figure 4-3

1o T ety
- ‘-I
L S S A

L L L Y I S BT L S N A R | NS H
PesGIS O the Ty iy Wit s eacane 18 that
of diiving cicisely high waier oward tho
shora It the Ingh wake occars singddta-
ngously with s enning hiah tede, .\'J: of
Th taet of  wve N tho e leve! et occur
This great an ox rease woald huve munddted
the cottage, enaconnmimg the toundation and
batterning thegwiructute with stornsy waves of
Jgroat foree Honog, docky, Jdnd othwer stiue-
tures 1 Coatd easily have withstood the
torca of the: wind along could be wiped out
quickly by tr.e noundimg of the water As stu-
dents work through the chapter, thay will
study the elfect of & chango in sea level on
erosion (Cluster BY and also see that the
greatest effect of a4 wave occuts in a narrow
vand Just abuve sed level (Cluster A)

[ 4

' Figure 4-4

. * Were you able to guess what hgppened?
' Those pictures in-Figures 4-2,4-3y apd 4-4-were taken over
a [»}di of several years. The last picture-was taken shoitly
- after Hurricane Betsy hit. (If the owner of the beach cottageg
** had-read this chapter before he built the cottage, he might
" have choseq a different location! Perhaps you will sce why 8
= .as you continue reading.) - . ' >

. Waves against the b¥ach~ : x.: o

' Most changes along the seashore arcéot as apparent ifs _ , ,
“those jlist shown, however. When you go to the beach, 'you .. CHAPTBR 4 . 155@ '~ =
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Figure 4-5

see the results of mnuny ditterent processes, L ook at the two
beaches shown in Figures 4-5 and 4-6,
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a

Freure 4-3 sho®s a beach in Flonda along the Gull, of
Mexico. Figure 4-6 shows a Maine beach on the Atlantic
Coast. Notice some of the big differencesdn these beaches.
One s sandy with a gradual slope, wherceas the other is yocky
with a stedp drop-oft. During the winter, the rocky beach
is battered by waves 10 to 15 feet in height, whereas the
sandy beach seldom has waves more than 4 or 5 feet high.
It you were to dig down thrgugh the sand, you would tind
that the sand layer s very thick. If you tried to dig under
the rock beach, you'd probably bend your shovel!

Kinetic energy from winds and storms far out at sca is
transferred to the water to produce waves. The energy is
carried toward this coast by waves. The waves release thyr
cnergy when they reach shallowswater and break. Enerpy
can be carried to th¥ shore like this wherever there is a big
expanse of water subject o winds and storms.

You can investigate how this energy can affect beaches by
simulation experiments that use the stream tables. Work with
at least one partner for this activity.

»

O ot th mosg ddbicu!t cong et o Staddents
1o the Ghibunge aoth binee ibhe 1o ky beas hon
Prgurer 46 toud become o4 s andy beach as
e bigurg 4 o with the assang of suthcent
tine, pottuips ©ooteisndds ol yedtss Tho rocks
fleadeany  be ground smatlar - and
smailer, unbl they bocotmo beach - and Then
agam, 1 tha waves wero ationg enough, das
i Activity 4- 2, tha sand that was luemed coul
be cartied "o deepor watst, leaving only the
undarlying rocksy

¢ vnbd

Piece of wood
(wave generator)

1)

~
.

ACTIVITY 4-1. Pile the mixture of sand and siit at one end

of the stream table , make a sloping surface. Use a block
\_o tilt the table. Then fili with water until the bottom edge of
the sand is covered to a depth of about 3 cm. Put é'fgw small
spieces of gravél near the water’'s edge and cover them with

sand. Note the réfationship between the sand-siit mixture and

~the water line. -. -

- N ..
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A 7ot Provided by R

waves, landward.with gentle waves.

f

Note the constr unt to keop thu straum tabe
unalterad- In Aq vty 4-2 v proparation for
Activity 4-3. These two aclivities are sequen-
tial, and students should be sure 1o huve
sufflcient time tv complete both uf them 1 4
single session i order tosses the two w.y
transport of the sand—seaward with strong

Figure 4-7

Bench of sana
. . bullds up.«

»

L4

ACTIVITY 4

-2. Produce storm waves by pressing down firmly

on a plece of wood with the palm of your hand, as shown,

once every 3

g{lconds. Keep this up for about 5 minutes and

carefully obsetve the sand-siit mixture. Then let the water

settle for a few minutes. (Keep the stream table set up and
do not alter the sand.)

%

-During storms, high-energy waves reach the shoreline.
action of ‘these

Wave
troughs

The
waves on the beach i similar to the effect

in your stream-table model. The effeet should look some-
thing like what is shown in Figure 4.7,

v
. Thin layer of fine sediment
. . * - deposits in deep water

a
t

~ ~*Beach with
rocks’exposed

\ .

Region of ’

Wave

/ wave break o crests
e 2




>
The strong waves anack the beach, shifting the sand our
o >ea 1o form a bench. Rocks are exposed alony the shore,
and most of the very fine particles are carried out inte deep
f witler, where; in calmer weather, thcx slowly drop to the
bottom.

Some shorelines that are.exposed to high-energy waves alj
the time may not have any sand. Only smooth pebbles are
lett on such shores,

ACTIV|TY 4-3. Continue your experiment, using the same

stream table that was exposed to high-energy waves. Leave'
[ everything as it was. This time, however, push very gently so

that you produce low-energy, gentie waves, Continue this for
about 5§ minutes,

reach shore.

watching what happens when the waves

E
1 -« .[04-3. What effect do the low-energy waves have on the
2% beach? How is this different from the high-cnergy storm
‘ ; waves crashing into the beach? -

» .
.

This time, you should have observed the siow building up
of the -beach on shore. In faef,Tf you were patient énough
to keep the gentle waves going for a long time, you might
have covered up e gravel exposed during the storm. The

» Waves will gradual® shift the sand back from the underwater -
bench onto the beach. '
. The “Going, Going, Gone™ pictures in Figures 4-2, 4.3,
‘and 4-4 show what caf happen to a beach when high-energy
.. waves attack it. Storms increase the energy reaching the
: ) C

s g PR 3-88 x
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R TR SOV I twaese g e
PV O NG, o pench [EEN
vt etlee oyt ary

e:ther i,

Jod g le

fon ) SPOre g
VOEBeow the water A buach s
dahnng s sluping shore of g body of water

Hihare 1 s Liticient fime avadlabice, encourage
students to continge with the gentlo wave
actiontor alonger period. The bc.lch-buildu-g
activity can bu interesting and nstructive.

»
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shore and help o erode beaches. Good weather reduces the
energy level, and beaches will build up again. This cycle of
change is always going on wherever the land meets 4 large
bady of water and where the shoreline is stitable for beaches
to develop. '

Waves against a steep shoreline

Ocean waves can do a great deal of work to shape and
change coastlines and beaches. You have Just experimented
with the effect of waves op a relatively low-lying shoreline.
Figure 4-8 shows waves approaching a rocky coastline with

B

steep clifls. ‘

Cluster A (Resources 38-41) Figure 4-8
- v

T .
. ‘.. - -

. -

. “de . (J%-4. .What effects do waves havé on a coastline like the
_.l.l.i l.'f-'_]lﬂ.'.‘.’ one shown in Figure 4-8? ‘

.

13




Figure 4-9
When waves crack aghinst a steep shoreline instead of on
a fairly wide and flat beach, the effects on the landscape are
quite dxﬂc&nl Figure 49 shows some features of a 1yp1ul
lmk\, coast. ) .

The figure shows an outcrop wath two sea caves. Lool\
carctully pear the top of the.caves and you should be able -
to see evidence of the high-tide line. (Hint: Look for a colw
dwnuc ) <

T hc top of the cave is just above high-tide level. Outside
the cave, the beach is steep and curves back away from the
rock outcropping in- ‘which the cave is located. N

—~

.

7 - L
[]4-5 Based on your study of waves and their effecton steep  4-5. Factors mght mclude the energy level of

. the waves, the range of the tidal cycles. the .
shorelines, what factors do you think affect the-rate af which  oac0nal diticrente in waves, and the ha,d_

the cave in Figure 4-9 is carved out ofurock? L ness of the 1ock. v
’ . ° . : . ' - o ’ ‘ R ; <.
Ocean waves—a better look. _ . o]

If you look at Figure 4-10, you will see a senu of waves »
approaching a beach. As the Waves get closer to shorc, they.
“break” and spread onto the beach. :

- 4
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PAruitext providea by enic [y 34
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Figure 4-10

The modeling ot breaking waves 18 not possi-
blg in the stre.m table Suveral tactors pres-
ent on an actudl coasting, such ds wave
length (distanc ¢ from crest to crest), wave
height, and natute of the bottom, are hard to

_ . duplicate. Mis 114 t00 1s he wind. which has
- an eftect. Stud: ", have to accept the model

of wave actw: and breaking presented in
Resource 39 w-thout an activity to support it

"Cluster A (Resources 38-41)

-~

10 CLUSTER A2

Curying ot waves as they enter a bay may be

due to both dwtraction and refraction of the
waves. As straight waves hit the two outer
points of the bay, the wave frontg are curved,

as in Resourcy 40, in passing betweon to -

dbstacles in their path. Then as they enter the-
bay they are curved even more by the bending
or refraction, as the edges reach shallow
water before the middie of the wavas do, as

shown In Resources 40 and 41.-

Figure 4-11

(14-6. Why do the waves break as they get closer to shore?

You should have found that the ocean wave breaks be-
cause the sea bottom, whicrfslopcs upward as you approach
the shore, interferes with the circular motion of the wave

Look back agamn at Figure 4-10. The waves appro‘u,hmu
the shore that you see in the photograph are entering a bay.
On closer inspection, you sce that the wave front thhm the
bay takes on a curved path. Figure 4- ]@shows thg curved
fronts approaching the. shore.

e

Curved path

Straight of wives

waye front
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Farther out o seu, the wave front are not cunved. but
2re -tttk -

['14-7. Find out why the waves bend as they enter the buy,

. as showh in Figure 4-11. Also, what do you predict woudd

happen to straight waves approaching a shoreline, as shown
i Figure 4-12? Make a sketeh and pencilin your prediction.
What would happento waves approaching a shoreline at an
angle, as shown in Figure 4-13? Make a sketeh and penctl
in your prediction.

-

*
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. Another ‘ocean motign’

F igure4-14 showsgwo ~pﬁot0graphs ofthesameship, docked ‘
~ at the same pier, at two different-times 6f the same: day. As

- . M r . -

. -19ay

ieder A aaarcen i 41y v S
The tirat sieteh called Qg question 4-7
Shoaid whic v the waaves. curvieg as they pass ¢
e heads ol 6 bay 1t should alua show that
Lad will e movad towerd the: pOCks:t beach

i the by

Ihee second shech catied fot n Guestign 4-7
s.houg shaow paaatlel woave crests dapproaching
the beach at an angle it <hould show the

. bending of the waves by retiachon, and tse

movemaont of the beadh sand ‘hy longshore
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Cluster B (Resources 42-44)

LJO CIUSTERE 3

' 164 CHAPTER 4
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v

you can see, the level of the water has changed drastically
from one picture to the other.

Figure 4-14

(J4-8. Why does the level of the sca change and what effect
does a tidal change have on a coastline like that shown i
Figure 4-14? :

Interpreting a seacoast

The combined effect of ocean waves and tidal changes
produces a great variety of seacoast landscapes. A shore of
hard, resistant igneous rock will develop a different seacoast .

appearance than a shore of soft sedimentary rock. Seacoasts -

that are subjected to many storms will be ¢reded more rap-
idly than those with few storms.

When a geologist tries to interpret, a landscape, he looks
for evidence of the changes that have been taking place. He
tries to figure out what caused them, just as you’ve been
doing. Figure 4-15 contains evidence of a change that,took
thousagds of years to happen. Can yop spot the’ evidence?

’

. !
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(J4-9. Interpret (describe and explain) how you think this
coastline got to be the way it is. Here are some clues to help
you. Notice the rocky outcroppings in the foreground. Dq
they resemble the results, of erosion you've been studying?

‘What about the fla, gently sloping area in the center of the .

picture? What area of F igure 4-15 does it resemble? Examine
Figure 4-16, an artist’s sketch of the same area.

T
A )

i

- Figure 4-15

4-9. Studvnts showld e able to sea that the
flat . roa s an old wave cut bench, Geforg the
Sed Gevel dioppeg (or e land s uphited),
the wanves eroded the shorehie ty forra the
old e chit. and clacke gng thee 1Lt bench
10 the fone o, At N present level, the seq

I oroding 1w it and forenng another
t:e:nich

Figure 4-16

Old wave bench
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Figure 4-17°

Delta tbrma(ion was studied in Chapter 3, but -
o this is obviously an"%rea where mountains,
midlands, and seashores interact.

Braided
streams

L3

Figure 4-18

. ! ‘ CRha ey .
; T % Trees and & h
SRS f i vagetation .
A . e ';' 7 A gt
Voo el .
£ ¢ o o ' e

k]

* Figure 4-17 shows a view of a Soastal feature that you may
never have seen from this angle before. This is an aerial shdt
of a delta. If you were to sec it from ground level, you would
not be able to deseribe its shape unless you walked around
the edges as well as across it. Figure 4-18 shows a diagram
of the same region.

RS PEER L. R ,,L".'\)-'({.'.:."-
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Tidal flat {
(sand and silt)




This delta is built up from sand and silt sediments. The
plants on it obviously started growing after the sediments
began to accumulato, Some of the larger trees'are more thun
a hundred years old. Notice that in the right side of the photo
the delta appears to have been growing faster and that 4
sgndbar has formed.

((J4-10. Where did the sand and silt that formed this delta
comé from and how have the ocean tides, currents, and wave
action helped shape the delta?

"Ocean currents and wave action are at work along all
coasts. Sometimes the currents flow parallel to the shore, and
at other times they curve in or out, Usually they go in one
general direction for months and months. Only occasionally
do they change speed or direction. Waves, on the otherhand,
usually approach the shore at an angle that changes as the
- wind changes. (Sometimes the wind blows out to sea!)

"_ . h)

4

Chdes U (Resources 454 /)y

.. TO CITIOTER'®)

© 4-10 Most of the sand and siit was carried

down by the niver (Resource 32. Chapter 3).
*But the wave action and Currents carry sedi-
ment The: load brought by the stream can be
transported m diffe:ent directions according
1o this actrton of tha waves and currents. The

sedunent . depositad when the
falls bulow & cortain level.

-

Figure 4-19 -

kinetic eneryy




" Aspitls & curved depcsit of sind conndicted
to the land

-

Cluster C (tosources 45-47)

1O CLUSTER € 3

4-11. Waves, stnkig the coast at an angle
otner than suaight. st sand along the
beach. Lon,g-hore curents also carry the

8and along. When the coastiine changes di-

rection to make a headland, waves are re-
fructed (bent) arqund the headliand and 1ose
enough ensigy to depusit sand, which builds
into a spit.

Figure 4-20

~ -

The spir shown in Figure 4-19 has built up where the
ocean currents and the wave action are working together for
at'least part of the year to deposit sand at the mouth of the
river. Both the river and the ocgan carry sediments.
[]4-11. How are wave direction and ocean currents involved
in the shaping of the spit shown in Figure 4-197

Some rivers do not form deltas or spits where they empty
into the sca. Rivers like the Columbia, the Delaware; the -
St. John, the St. Lawrence, and the ones that empty into
Chesapeake Bay have deepwatcr channels (called ridal estu-
aries or fiords, depending on where they were formed). These
channels may extend for many miles from the sea inland.

Sediment

Channpl
bottom

bottom $ ~




The ha:bors shown in F igures 4-20 and 4-21 are cxamples .
of each type. Figure 4-20 is the fiord type, and Figure 4-21
is the tidal type. -

Scientists have puzgled aver how .these harbors were.
formed, but they have logated some pieces of the puzzle.
For one thing, the fiord type of deepwater.channel is found
In mountainous® regions where there is much evidence of
glaciation. The wide, flat channel bottom of the fiord-type
harbor is typical of valleys carved by glaciers. Using depth
soundings and aerial photography, scientists have discovered

- that-the-mere-V-shaped-harbors reveal o river valley pattern

and shape. The great cantinental glaciers that used to cover

most of North America and Europé were melting and their :

water was running into the oceans while th_ese harbors were Cluster C (Resources 45-47)
developing. . '

-
-

'[14-12. Using this evidence, describe a model to account for @“ﬂ OIS LER €5 |
the formation of the deep harbors shown in Figures 4-20 and
4-21. y -

v

Summary - ~ -
*

You’ve seen that many different forces are involved in the
shaping of the shorelands. If you've used your resources .
successfully, you should be able to interpret the features of
the shorelands and to predict what may happen to them in
the futyire. The stretch of shoreline shown in Figure 4-22 has™ -
many‘of these.features. How well can you interpret this
shoreline?

-
.
‘-
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Figure 4-22

-

It you are located near a seashore, a fieid trip
could be of tramendous value at this point.
. Students should be able to identify at lsast
some of the features theU}ave studied.

[}

4
Figure 4-23

K aa N
\&‘A'v >
. .
You.dhn see that interpreting most of the- landsgapes of

shorelands is not hard when you know the forces involved.
Look over Figure 4-23. You will recognize this drawmg as

-part of Figure 1-4 from Chapter 1. Can you identify the

features of the shdrelands and desctibe how they were
formed? If you can, you should be able to visit a beach or
lake near you and understand many of the processes that
made them look the way they do today.




38 Wave Action on
ROCky Cllffs EQUIPMENT LIS T

1 completa stteam table
.1 sand-and-pla- ter block
PURPOSE To study the action of waves on ' P e
& rocky chtt.

1 ploce of wood
Handtul ot gravel

When water ¢rashes into rock, wluch is stronger, the water
or the rock? Obviously, fock is stronger because it hardly
changes, while the water is sent flying in al} directions. Yet,
over.a Ionb pertod of time, water tan destroy-cliffs, too. To
simulate the process, get a notched block made of sand and
plaster of paris, some mixed sand and silt, and-a piece of

wood, and set up a stream table as shown below. Also, scatier -

some. gravel on the ‘sund.

£y

Notched

: . .

ACTIVITY 1. Fill the stream table with water so that the middle
notch In the block is just at water level. Now generate waves
by pushing the piece of wood up and down every 5 seconds, -
so that the waves hit the face with the three fotches. Kbep
the waves going for 5 to 10 minutes, carefully observing the
face of the block to see which notch Is most affected by the
wave actlon. )

-

!

—— . — I
s ¢ wo— - —— . .
’ T
.

)

° -

Cluster A canasts of Rasources 48 through
41 Uoas comerrned with waves g beachas,

CLUSTER A

‘(Resources 38-41) |

MAJOR POINTS

T The "giomwe cftocts of waves on a chff
occuran a nantow band just above sel level
£ When a ciick develops i the culf, the *
comprossive tarce of air diiven by the waves
will tond 10 niaxe it biggor.

- 3 Fragmoants droken from the cfiff will cause

further erusion when driveh by waves.
T Undercutting ot the chtf can cau?e drches,
cavnq and pnacles to form, “

. Material removed from the cliff may torm
an underwawt bench, or a beach

KN

.

Figure 1

Construction of.the block out pf sand and
plaster is descubed i tha front section of this

\gchers Edition in the saction entitled -
Pn,paratnon of Equxpment;




Students may wuonder why the erovve of <t
of the wayes 18 ntost pronouitcesd t tha t .o
just abov@ sea L vl ThE answoer s ied e i
kinetio onuryy .1 waves amd to the fact rat
greatast forwan: {toward .t ¢ 1 speed G e
water In the w.ava 18 at the 1ep, of crest of
the wava Rege.rcu 3918 concarned with: thas
characternstic of waves, and stadants coubkd
be pointed toward this resvurce thieal

Figure 2

Figure 3 -

'

From these simulation expertments, you should  have
~found out that the erosive effects of the waves occur in a
narrow band just above sea level. At this level, they would
produce undercutting on a chfl face. Softer rocks are more
rapidly eroded than harder ones, and tracks allow the ero-
sion ta proceed faster. If you could see the waves acting
against a cliff face over a’ period of time, you would nete
that the face kecps movmb back, and a wave-cut bench 1s
left.

Space
Sea level

Let’s examine the effect of cracks at sea level a little fur-
ther. Figure 2 shows a crack at sea level. What daes the space
in the crack contain when there is no water washing into
. ltl) (- &

What happens at X u\Flgure 3 when a bxg wave washes
into the craclc(}, and what effect would this have on the cratk?
- Imagine this process cgnﬁnuing in the same crack for hun-

.

&

N ) R0g




\
« dreds of years. It is not difficult to see that the sudden com-

pression of the air when the water diives into the crack will
help to make the crack bigger and longer.

- Inyour experiment, you may have seen little broken pieces
of plaster tumbling down. These represent pebbles and
boulders br oker off in the real sitsation. -Some of these

would be small cnough for the waves to pick up and throw
“against the cliff, What effect would this have on the cliff and
on the pebbles? ' .
In any coastline region where cliff faces are raiscd against
the'sea, the kinetic energy of waves does work. The cliff gets
undercut at sea level by the aprasive action of stones and ‘
the compression of air in cracks. Arches and caves develop.  Both e . .oy au, o Ol Macie .
Then these collapse as they are enlarged, lcaving pinngeles e o e ",’,'“u‘{“"‘f:
of rock standing by themselves, sontea L ORGSR B s,
nspnen o boyldersare ground intosand, which gots o - o o
transported away to be deposited 8lsewhere as OffShOre s, anet ia v o g, Gy 4 Fky b
benches or as beaches and sandbars.
Now that the water in ‘your stream tabje has settled down,
take another good look at the model you have produced.
You should find that the coarser sediment has formed g
bench in front of the cliff area. The very fine material should
be deposited in the deeper “offshore™ water.

. .

I'4

w
Y e

——— Cliff face

Bench of coarse\_] ) - L Deposit of

fine silt

\ .
‘.

material

Bottom of
stream table

!




MAJOR pOINTS

| One'mode pf 0 w;ne thows indvidual 9 Kinetic Energy

wader particles Un the upper Owers reradi
because Fwind action. PP 3

. 2. At Crest of the ware the fop ”.}(‘_(“_ and waves . © EQUIPMENT UST

re rolating in the direction that the wave ;5

Mmoving-

PURPOSE: ® study the mohon of the woder ' Nene.

— - ITATTOELr RoaRng in ddep visker will simply © O WAVE. _
ond,tbv:\g as mcz’ poss by. ely Have you ever been surfing or watched surfing at the movies
? vp y 8 g

ot the water particies.

5 pr.w\m waves -colisd swells

the rotahng, the wove

“Wnen the wader gets shallow Cf\o:gh
] rotion i3 changed to o

{
3
£
&
§
]

oveg ofudter moved toward the shore. Why doesn’t a surfer. beyond the
that il taard breaking wave have the same kinetic energy?

o O on television? A surfer on a board out beyond the breaks

by ton Ing waves just bobs up and down in almost the same spot,

\ : ests ~ While a surfer in the breaking wave is pushed toward the
8. A breaking wave pushes foahng o jests S
QMd&,it.':dptd.: up sand. 3N '

shore, like the two people in Figure 1. - K

. The surfers in F i'gt'xrc 1 have gaine& kinetic encrgy as they

" What causSgs th¢ waves to break when' they reach éhallow

‘water? ¢ _ \
> . One model of wave action states that water particles in
“ ‘the upper layers are rotating because of wind action. At the

high. point of the wave (the crest), the=particles have rotated

R

. . o
R - . . . ‘e T
o S At o e T e S £ et e
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, up to their highest position. At the lowest point (the troujh) N

the particles have rotated back down to their lowest position. ,
A surfer is lifted and lowered by this rotational motion but *
is‘not carried to shore, as sKown in Figures 2 anda3. Although
the energy obtained by the wave f’rom the wind is cargied
forward by the wave, the particles of water rotate in 4 con-
.fined area.

34 tht rotational motion iy
slowed by the friction with the
bottom in shallow water, che.crest
of the wave starts to "lean" in the
direction of wave motioh pecause off
fnertia. VUhen the lean gets too
great, the break occdurs. A
surfer starts riding the wave when
It starte to lean, and before %
actually breaks.

€= Wave shaps moving in this direction

v ..

* Al particles

All-particies
at bottom of circle

All particles ~ *
mwﬂngppwym

moving downward

ANparticles | - .
= &t top of circle .
Surfer .

If itre water is deep, wavcs can travel without interference.

" 'But imagine what Kappens When waves get close to shore.

What causes waves to bregk when they reach shallow water?
_ When the water is shallow-erdough to stop the particles
. from rotating, the wave breaks? The circular engrgy .of the
waves {s changcd to forward motion of water parucles, which
~ rush up the sloping shore. The breaking wave pushés floating’

objects ahead of-if and pxcks up tons of sand as it rushes
toward the beach. -

This model of wave action is o ‘explanation Sthow water'
close to shore gets enough kinetic energy to forn a breaking
. wave snd thus cap pick up g_x‘l;i_cany sand td/the shore. . .
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A lew seconds laler.
New position of crest

Ali particles now

All particlea now at top of circle

at bottom of circle

Surfer lowered
{no forward motion)

. New position
of trough
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Flgﬁre 3

. 4 :
Wave shape bredks and the .

water gains kinetic energy

Wave shape moves toward shore. "
toward shore.

3y

."\ Y

0
Sea bottom interferes
with particle rotation

and wave breaks. . ¥

s Water travel

14

Figure 4
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If the ocean is wide and a prevailing wind blows in one
direction for most of the year, as along the Pacific Coast,
waves continually roll shoreward. These waves (called swells)
are usually large, reaching heights of 10, 15, and 20 feet,
Some coastlines face sheltered water (like the Gulf of
Mexico)—and- here swells only develap after storms at sea.
The total energy supplied to that coastline each year is not
S0 great as the energy supplied to coastlines facing the Pacific
or the Atlantic Ocean. _ B

.
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40 Beaches and the
Curving of Waves

When you stand on a beach, do the waves always come at

you head on, 90° to the beach waterline? Are all wabes

formed the same way? Take a careful look at F igure 1, which
shows an aerial view of a coastline, with waves washing past
an offshore jetty. Notice the pattern formed by the waves.

You can understand this pattern and the effect it might
have on a.shoreline by doing a stream-table activity. You

- will need a Ypartner, one stream-table set, two plaster blocks,
- and one wooden block. '

EQUIPN . .

T comp ot - yaam table
2 plaster . orey
P woooen tigek

PURPOQSE Yy iy Ngale tiw curving of
waves el Locteot o the beach.,

.

MAJOR TS

T With the vaing Bowmg pews iicular to the

CBBach @id o ObRECHNS, the wave crosts

dppraact e coasthie parallel t,0ach other
angd to i et

2, 'Whm- Foilel whves pass tne gnd of an
abstact - ety obstac!es, thay curve
becaus: of il ion

3. Paralichy g e s ke g beach at other
than a nytit angle bund bocauss: .o refraction,

-

Preparatiae ai e 2 pladien blacks 15 de-

seubedd e e front scetion of e Teacher's

Editon in it ¢ section entitled “rreparation of
Equipmen: ™ )

Figure 1




in gunerating parallel waves. it s unportant
that the wooden block tes tong enovayh 1o
come within a few centimuters of the edqus
of the stream tuble, and also that the tront
edge of the block be kept pargliel to the

beach. '
. A\

4

ACTIVITY 1. Set up the stream table with a’sloplng sand
beach at one end, with the water about 2 cm deep where it
meets the beach. Generate waves by gently pushing the
wooden block up and down rhythmically every 3 seconds. .
Notice the pattern produced by the waves and the effect of
the waves on the beach. ]

* Push down
P

s;..:ﬁw-'»‘
1R
UL

Sloping
sand

ACTIVITY 2. Now put two plaster biocks into the water as -
shown. The blocks should have a space of at least 4 cm
- between them and should appear above water level.
Generate waves In the same way that you did In Activity
1. Note the patterh this time and the effect on the shore.

Plaster
Push down.

Space at least 4 cm wide \ R Ay

- g vy TR
] ""} '“ il"t ‘l" ‘, 3'.‘}. ?‘('\
. {; 2 ‘A

*

Where a prevailing wind is blowing toward land at right
angles to a straight coastline, the wave pattern is like the
one you found in your first simulation experiment. The crests
approach the coastline parallel to each other and to the coast.

. 207
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Afmost all energy is concentrited on the coast, causing steady
erosion all alony the .coast. Figure 2 shows the typical wave

pattern for these conditions. ~

Straight
coastiine )

Figure 2

Did you get a curved pattern when the waves ‘passed
through the gap in your second experiment? When parallel
waves pass the edge of an obstacle, or between obstacles,
the crests curve. This is called diffraction. Your second exper-
iment should have produced a pattern like that in Figure 3.
Compare this with Figure |.

’:..

Paralle!
crosts

Direction o}
prevailing wind

The end’ot the ieakwater in Figuie 1 caused
the wave ciests to curve. It me breakwater *
had been in wo secticns, with a aqap i the
middle, complitely curved crasts would have
toimed, as in Figure 3.

Waves curved Wave in contact with

by ditfraction headiand is slowed down. Parallel

’45-& ‘
T

Headland
E I T
Where a coastline is neither straight nor at right angles
to the prevailing wind, some parts of the wave line reach
land before others. The parts thig reach land first are slowed
-down, whereas the other par;s{fbn,tinue at the same speed.
The wave line bends, and this is called refraction. Predict
- what wave pattern’you would get with waves entering a wide,
_curved bay. E :

wave pattern
]
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_ The greate:: eidigy ol e w.ves is concen-
“hated on the heads o1 1 1 curved bay Geantlo
wave action should ma. + sind gradualty into
the poechet 'sach Beau. .iy! bay beach~y are
tormad in s way. O+ clagsic exaninle 1s
Maqgens Bay of Saint Thomus in the Virgin

Islands. .

¢

EQUIPMENG LIST

1 complete .ty aun table
I wooden biu:
2 plastar bBlows

PURPOSE  To invwstigute lungshore drite,
causod by _.ces, and ta see what «.an ba
done to fatard the ahitting of the sand

MAJOR PQIN iS

1. As waves move tow.1rd a beach at other
thanright arles, thoy are bent by reltaction,
2 Sand shitied along the boach is called
. longshore diit. '

3 Anobstru. hon placed at rignht angles to the
" "beach can-roLurd longshore dnft.
4. Piling up of sand by an obstruction can
change the shape of the beach.

Figure 1

[

.

ACTIVITY 3. Pile your sand mixture at one end to make as
deeply curved, scooped-out bay, and generate more waves.

Scooped-out bay

Did +you predict correctly? Where is “the most beach-
forming activity when waves are curved by refraction enter-
ing a bay? This ¢xperiment should help you understand how
wave refraction helps to form beaches at the heads of cusved
bays as well as pocket beaches between headlands.

41 Waves at an Angle .,

and Movement

L4

: of Sand ‘

.

What happens to a coastline when the wave pattern reaches
the shore at an angle most of the time? Imagine a consistent
wave pattern approaching a beach coastline as shown in
Figure 1.°
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Predict what will happen to the shape of the wave pattern
when the wives reach the shore. Make a diagram to illustrate
partner, a complete stream-table setup, a picce
of wood, anfl two plaster blocks. You can conduct a simula-
tion experinjent to see if your prediction is correct and to
observe the pflect of this type of wave action on a beach.

ator at an »
seconds or ¢
the shore.
carefully. .

gle, as shown. Push down . on it every three

yatch the wave pattern and the erosion effect

+

-

‘Sand-silt

Wooden blockifor wave generator
roduce oblique waves

1

-

o
.

Did you predict the wdve pattern correctly? What hap-
pened to the beath?

In your simulatlon, the wave pattern curves into the beach:

and the sand is sh ftec\steadily along the shore in a process
that is called longshore\drift. : :

- Because man used beaches for recreation and builds homes
~on the seashore, he ‘often-builds structwies to reduce beach
erosion, Let’s see whiyt these structures do. = ‘

P

o produce a pattern of waves at an angle to .

ok

'd

It stodonts have dome Hosource 40 batore
aatling to this one, they will be able to predict
thut the wdve crests will bund as they near
the shore bocguse of retract.on  You May
want to rofer b&dunls o thigsother asource.

The angle at which the wave crests approach
the shore should be kept constant by holding
the block at A tixed angle. The tongshore drift
can be accuntuated by decreasing the slope
of the stream table In fact, students might
oxperiment with the idea of putting the table
flat longitudinally and giving 1t just a ﬁtllﬂ
slope laterally This may raquire a bit more
watar in the table. '
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ACTIVITY 2. Get the plaster blocks and set them at right
angles to your simulated beach, one on top of the other. The
topmost block must be above water. Make waves at an angle
as you did before and observe what hap'f)ens as the blocks

obstruct the longshore drift.

/

Plaster

b locks Sand-silt
mixture

Wave
generator

.
4
o
- Lo -

- The diagram in Figure 2 shows how the waves are bent
gl z‘:hoeasst")};tt’;w?;:z;giﬁ:;st:r:;zl: oo a0 (refracted)uas they reach the shore area. As long as the waves
the southeast. so waves hit the sand braches  follow this pattern, the sand builds up beside the obstruction.

8t an angle as they do In these actwities. B,y ramps, sea walls, or jetties can interfere with longshore
Many structures, called groins, have been . . . [ T . . L - _—
built perpendicular to the shoreline 1> hait  drifts of sand a ong a beach and in much the same way cause
- longshore drift and maintain the beaches.. a change in the shape of the coast. A Jetty at Panama City,

Florida, is shown ip.Figurc 3.

4,
Accumulation

Tt f s
EE

o b s bk e

Figure 2
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- Figure 3

MAJOR POINTS

1. Th= actual level of the sea changes all the
time for many reggons. .

2. A measuring instrument calldd a tide
_gauge can be used for measuring (operation-
ally defining) and recording sea level. .

3. Mean sea levsl is the average value be-

tween high water and low water,
4. Mean sea level differs at various places on |
the United States coast One place can ar-
bitrarily be'chosen as.the zero point for com.

parison. Cluster B consists of Resources 42, 43, and
44. it is concerned with sea level changes. -

-

.

-

CLUSTER B

(Resources 42-44) " . -

42 Measuring Sea Level

EQUIPMEN’I; LIST
None

PURPOSE: To study the measurement of sea
level, and the meaning of the term.

Many times in the chapters in Crusty Problems there are
references to sea level. The elevation of mountains and places
along river systems is related to ‘sea level. Along the coast,
major landscape changes are related to sea level. It is all
very well to talk about sea level, but how can.it be measured?
If you have observed boats tied to a wharf, piles standing
- out of the water, or beaches and shore rocks over a period
of days, weeks, or months, you will realize that sea level just
"isn’t level! Waves can cause a minute-to-minute change,
Tides can cause a day-to-day, week-to-week, and month-to-
month variation. You even get a slightly different view of
sea level if you are in a boat looking _a{the land.

N |




. . .
This" may be one of the few examples” that
students have ceen of an automatic type of
measuring instrument, Actuatly, the measure-
ment of sea lsvel i3 not nearly so difficult a
task as the determination ot mean sea level,
“which requires that measurements be made
over a rdlaﬂvely_ long period of time.

Figure 2

H
'

What can you do to get an operational definition for sea
level when it s changing all the time? The megsurement of

sea level is no easy task. Usually the problem of{jinaking such

a mcasux;&.mcm is solved by installing a meashring instru-
ment calléd a fide gauge at the end of a picr that stretches
far out into the sea. g

Rotating N -
drum { Moving sheet
i:of paper

Whight

TN

Opening
to sea

A tide gauge has a cylinder with a small opening that
allows water to enter .and fill the cylinder to the levels
reached by the tide. One common form.has a float in the .
cylinder. As the float moves up and,down with the tide, a
cable turns a drum, and a pen drawf a line on a moving
sheet of' paper. | -

Days
4,

I,

N

. Chart datum level
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The pen traces out records like that on the chart shown  Figure 21s givan only as an example of a chart
. . L .- showing the sqa level . This chart would differ
in Figure 2. The graph, developed over a period of time, g, Just about every tide station 1n tie world.
shows the highest level reached by the tide, the lowést level,  Some stations located on the open Atiantic or
and all 1 Is b . . 5 Pacific Ocean (not n a bay. on the Gulf, etc.)
and all leve 5 etween. ) ) : - would show two high and twoiow tides every

From continuous readings like these, taken over a lpng 24 hours and 51 minutes, but the respective
: ] ) . . - . ) high and low measurements would be differs
time, a value for mean sea level can bg calculated. Mc‘m: ent In amount and i the time they occurred.
sea level is an average value between high water and low  for each of the stations. For stations located

water. Which value on this chart would be gbout the level o "';:r?y“"m"':o":‘:::c‘,’ai;‘:rf”a%z’g_at',‘g "::g:;
of mean sea level? : . : (there are said to be 26 factors) that the chart
" The United States Coast and Gcodetic'Survey classities g’:g lglws?nm: ;iic;swsh%\xo%my one high and
tid¢ statiens as primary, or first class, only if they have been perioc )
in continuous operation for more than nineteeh years. There
are about 40 places in the. United States that are first-class /
stations. -
Charts from all these stations are uSed to calculate the
-mean sea level, to which all surveying measurements are
related. R
Careful measutement has shown that the sea level is not
the same at all places (see Figure 3). For example, if the
sea level at St. Augustine, Florida, is taken as zero, then the
sea level at Portland, Maine, iv@bout 38 cm higher; at San
Diego, California, it is about 58 cm bigher; and on the °
Oregon coast it is about 86 cm higher.

. . _ o
o Portland,
Maine +38 cm

¢ Portland,
Oregon +86cm

San Diego, .
e California 458 cm

St. Au‘gusﬁne.
Florida Ocm

Galveston,
Texas +20cm

- Figure 3




Horeas an m:te <L pont aeatints da ot
have ull the - - wers, 9ve ol g (:nuymm
& thing ay wea el 2

MAJOR‘ POINI

1. The difterene o Botwe s
tide vanes greany, i dithe. 0 localions

2 Twos dare ta . o by ' - gravitationai .t
traction of the ¢ .on and 1
over twice the «Hact af e sun

3 Ditterence tetween toth wad low Lee
vitnes with the relative peestioas of the - e
and the moon When surr moon, and .. th
are hined up. t - bdes -t whdn the - o
and moon forre a nght i e with the ea:th,
small tides resait .

4 t:omon of e shorehinn
the range of th. hde

-

gt hdde angg iow

13 dapundent on’

186

conoen o

Scientists are not certain why there is a difference in sea
level, but they think it is related to such variables as baro-
metric pressure and water temperature.

-

43 Tidal Effects on -

3

\ Shorelines

PURPOSE To exanime the offects of il un

e shorehne. : None

One of the most noticeable cyclic events (events ocenrring
at regular periods) that affects the shoreline is the daily rise |
and fall of the tides. The difference between high tide and
low tide in the United States can be as much as three melers
(10 1), and in some parts of the world’ it can be more than
nine or ten nieters (33 ). Only the larger lakes have measur-
able udes; Lakie Eric has a tidal range of only eight centime-
ters (3 in). .. ¢

Men have noticed how tidal cycles follow the daily cycles
of the earth, mood, and sun: The present theory of tides
explains them in terms of the gravitational attraction of the
moon and sun, which causes the witer on the carth’s surface
o bulge out. The moon, though smaller than the sun, has
a greater effect (over twice as great) because 1t is so much
closer to the earth. ) -

In Figure 2 of the brevious resource, there is a chart show-
ing a daily tide record. Notice that the recordings in the carly
part of the chart show a.big difference betwegn high-tide
level and low-tide level (almost four meters on the sixth day)
while a week later the difference is only about one meter.
When the moon and the sun are in a straight line with the
carth so that their gravitational dttractions are pulling to-
gether, big tides aré™taused. When they are at right angles,
their attractions work against one another, and the differ-
ences are small. This causes a cycle of big tidal differences’
at certain times of the month and small differences at other
tilmes. S -

On a gently sloping shore like the one pictured in Figure
I, the period of big tides causes wave action on the upper

. part of the beach for the first time since the last big tides.
You can-imagine the xrcqlend‘ous effects a combination of

LY

L X%
-
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4 storm and one of these very high ‘Udes has on the upput
part of the beach and the dunes.

N
. e . _.--.-.—- ———————— '_.“.— ..._- Dunes ..“. .
* ] . - t . .
. \.\
f

Beach \

. . )
Highest ude RS —_

. l,evel reached by the
-} Lok Y - hlghelgt tide of the year
- Lowest tide ——\d=b 3= A uiRRE R ,, . J
y ) 'T‘._\‘ = -.
Level reached by the lowest tide of the year =~~~ ==-we__. - --- Biggést tidal range -

.Flgure 1

P : On a cliff or steep shore, the tide cycle affects the part
of the shore that gets undercut by wave action. In Resource
» + 38, you saw, that most of the crosion takes place at sea level.  Alha the sochy coast of Mang, save action

) - It the rise ang fall of the tide is small, only a narrow strip ' :’:'.'h':’,l::'“ ,d s hoflowed but caves of.
1s exposed to wave action. If the change is large, a much
- «  wider strip is exposed. The range of the rise and fall of the ) ’ .
tide controls how much of the chiff face is alkucd by wave '
action. R

Figure 2

Region of undercutting depends on tide range.
! o * Highest tide ¢--==——m——m—w ————— )—-' -
£ S ‘f““ﬁif?l;"“f::;;:.;*_:‘
l 5 T s W R L AR i

J?“.@, Y "'1 % nv\m-‘ ‘QN’@T x.ql;ﬁr };r-. “' . : '-I-"'-_—--
| TS °"93§3‘5§§‘%!’?7 SRR T

Wave-cut bench
Range of tide during period of small changes

Range of tide during period of large changes 1
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EQUIPMENT LisT a

! compiosssam tae 44 Changing Sea Level
2 pla s, diterent sizes

and Erosion

PURPOSE glo investiut:- the ettoct al seu
level change on seacous! «rowion.

.

S
MAJOR POINTS : This resource Will help you find out what effect a change
1 Wave erosion takes pio. e at sea leved in seq level can have on a cliff-type coastal landscape. To
2. It sealevel drops. it fla wave-cut ben. v get started, obtain two plaster blocks (one larger than the
laft, and grosion begins .4: 4 difterant luy. of . R . . . .
the cjoastiine other), some of the sandsilt mixtire, a piece of woed, and

- . * . -
a stream table. You will use the sandssilt mixture and plaster

The 42 plaster blocks should have the fol- .

lowing dimens uns blocks to build your own landscape.
No 1-34 » 2 . 2"

No 2-47 % 27 | 2~ : -
Construction ut thase bIocks 15 e oo i ACTIVITY 1. Pack your sand-silt mixture at one end of the

thY front section of thrs Teacher's Lditio. stream table as shown, embedding the two plaster blocks
::jnfff’.c"“ enutied "Preparaton of tane  giong the front edge. Raise this landscape end of your stream
s table with a hlock of wood or other support. Then fill the other

end with wafer untll it just covers the smaller of the.tvi:o plas-

ter blocks. . .
Model landscape

b~ .
ACTIVITY 2. Blace the plece of wood in the stream table at
the apposite end from your medel landscape. Push down
gently on the wood with the palm of your hand and- then
quickly lift your hafwd. Do this every 5 seconds or so, and you
will create gentle waves. .

Plaster block

Water lovel

Sand-silt mixture .

_ Block of wood

217
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Keep making waves this way for about S minutes. Notice
‘where thg erosion at this sea level takes place. Now let the
water out through the drainage hole until only the lower half
of the smaller plaster block is covered with wgter. Then
repeat the wave action to see how a change iy osea level can
atfect the landscape. :

Waye crosion takes place at sea level and cuts a bench
(Figure 1), the cliff being steadily cut back. If the sea level
drops, erosion cannot take place at this level any more, and
a flat wave-cut bench is left. The old cliffs are left behind,

Abut they often lose their distinctive features because of slides
and erosion. Old wave-cut benches can be recognized on
« many codstlines and arc.cv&dcnec of changes in sea level,

Old clifts (worn down by weathernng and erosign)

L

Old wave-cut benches

-

Present sea level

New cliff

Undercuttln'g and collapse
. . . \

Figure 1

Both the Pacific and the Atlantic coasts have
numerous examples of flat wave-cut benches
and old clitts standing well above the present
mean sea level. The Great [.akes and smaller
lakes also shgw the effects of changing wator
level along their shorealines.

.
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Cluster C comnusts of Hesourcaes 45, 46, and
47. It 13 concerned with sand and sea lovels

CLUSTER ¢ .45 Where Does Beach
Hosourees 45-4) Sand Come From?

-

The moviemakers cimccpl of an island paradise 1s a white

sand beach with waving palms, but white beaches in the

tropics and in southern regions of the United States are not
all that common. _ '

In Hawaii, some of the beaches are black. In Florida, some - -
of the beaches are tawny, some are” buff-colored. and there
are long stretches of eggshell-white beach. On the West Coast
of the United- States, beaches are more often brownish-gray..
All these beaches have sand. How can the sand be so differ-
ent from beach to beach? ' :

Sand 15 simply a name given to rock material ground to
a certain size by the action of water or wind. .Beach sand
is formed by the grinding action of rocks on cach other and
on bedrock when vigorously rolled by moving water of high.
kinetic energy. ' ‘

This process can l(;lppcn"in the fas-flowing section of a
river. Because the sand particles are small, they are carried
far beyond the rocky region where they were formed. And
if" the kinetic energy of the stream is sufticiently high, the

- particles can eventually be washed out to sea. Many particles
get no farther than the river mouth, where they build up
as sandbars. Others, however, are swept along by sea currents

None - : and. wave action, finally becomin part of a beach.

PURPOSE: To discuss the formation of vari- Sand particles break off from rocks when waves batter the
ous kinds of sand. - ' rocks against cach other or against the cliffs. This sand’ can
MAJOR POINTS . " obe deposited.on pocket beaches in the bays between rocky

1 Sand s rik material ground to a certain  Neadlands or carried away By wave action and washed up

siZe by the action of wind and watey. o a beach elsewhere. o )

: ﬁ'r;:kgd"o":;a:éj ks made of hard minerals The color and kind of sand formed depend on the kind -
3. The color ahd kind of sand formed depend  of rock that was ground down. In general, rocks thade of
on the kind of rock ground down. White sand ‘hard minerals break ddwh to sand. White sand like that
Is usually quartz; darker sand Is formed from : " ’ .
darker igneous or metamorphic rocks: black alonglthe-ﬁulhcasl coast usually comes from quartz. Darker
sands are usually finély gréund lava rock. sands are often, formed by the breakdown of dark-colored |
4. Color of beach sand may be altered by . . . ; .
“wastes, organic matter, or clay. - igheous or metamorphic rock. The black sands of Hdwaii-

‘ . aré composed 6f tiny grains broken from dark-colored lava

~ rock. In some localities, the color of the beach may be altered

by wastes, organic.matter, or mixtures of clay with the sand.

0 )
.o <1l9
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Some of the sand on the Oregon beach in Figure 1 below

* could have eome from the grinding down of the rocky head-
land in the distange> Therg are no rocky headlands within
hundreds of miles of the Florida beach pictured ir Figure
2. Part of this sand comes from broken shells and coral,
though some may havo’hccn brought a long way by ocean
currents.

b SIS e

[ :‘s’}p“: '.‘ .’6\, ™ . .' »

» . s . | ‘
. .
46 Spits and Sandbars
PURPQSE: To study the formution of sputs and )
sandbars by longshore dnift

Where rivers enfer the sea, the river mouths are often partly
blocked by deposits of sand called sandbalz Long, curved
samdbars calléd spits also form at the tip of headlands that
project info the sea. ‘ . '

_ One way that spits f&m can be demonstrated in a stream
table. Imagine a long coastline with angled waves drifting
along a shallow shore. Can you predict what kind of beach
will form where the coastline changes direction?

'2'2() E

Figure 1

On some ot the wo called shell b -aches 6t
Honda, a krge amount ot the beach sand is
made up of tinely ground shell lragmieands.

-~

Figure 2

EQUIPMENT LIST

1 complete stream table -
1 plaster block. - .
+ wooden block ‘

»
MAJOR PDINTS

1. Deposits of san.. mited upin the water are
called sandbars: when they are connected to
a tip of land and cueve out itto the water they
dare called spnts

2. The depasition of sand in o bar o éﬁplt
is dependent on loss of energy by the waves
caniying tne sand. '

i ¥ ] N




ACTIVITY 1. Pile up the sand-silt mixture to make a beach
from one corner of the stream table to about the middle, as
Constiucion ot tHe plaster tewen s descnled - ghown, Then put In a plaster block to represent a rock head-
in the front sacbien ot the 0w her's §aites .
i the section entied P cration of boguey- land. Pour inwater to a depth ot about 3 cm. Generate ang"ng

ment waves by pushing down every 3 seconds on a wooden block.
Do this for about 5 to 10 minutes.

»

Plaster block to represent headland
Sand-silt mixture

v

Your simulation should have produced a landform like

that shown in Figure 1. Longshore drift shifts the sand along

Note that ot only 15 the energy ot thee wase s th it to the headland Th fth s red 4
reduces Ly hutt::o) the headand, causing tond € coas 0 € neadiand. ¢ cnergy Y ¢ WaVCfs Isre U.CC_

to be Jropped but the wave creats an: ont as they swing around the headland, and the sand is deposited

by n:h.uftmn and curved hy.\l:llldcllon,.(‘.(mb- as a curved sandbar, or Spil.
g the sand deposit 1o be curved.

\ ' .
Headland changes direction of coastline.

Protecte$ bay

Obiique wave pattern with refractiort

.

Refracted waves lose epergy.

'Flgure 1
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Sandbars can giso be deposited oF the mouine Lo
or 1ip shallow water off a beach when currents carrying a load
of sand are slowed down and lose encrgy.

[} ST e e

i Meltine: -, Sty iy e 1 sad

47 Rise in Sea Level A e
" FIOOds va"eys EQUIPMI N1 n‘:;; "(")"(“."‘y' T

" 3 Sk lmd bhon S th e could hive
PURPOSE To compare drownaed glacier val- '

None the same ePoct of Boefing o vailey that rais-
leys and drownad rver valleys. one g the Lot level Count rave

.-. - .:
- N
The large body of water in the mountain scene of Figure 1 * Figure 1
is not a lake system; it’s a system of valleys flooded by
the sea. The scene is in Alaska where Tracy Arm (in the
foreground) empties into Holkam Bay. The bay, in.turn,
connects with the Pacific Ocean. °
Since you have already done the mountain chapter, you
will recognize features which indicate that the landscape was
|
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glacially carved. There is evidence that dung the iee-age
\ period, when these mountains were being carved 1o ther
present shape, great ice sheets covered much of the Northern
Henusphere: With so much of the carth’s water Uapped
the form of glacial ice, the sea level would have been much
lower then than now.

One theory suggests that as the climate changed to a
wargier one, the ice sheets melted back 1o their present
positions over the North and South Poles. The water releascd
by the melting ice raised the sea level —one estimate is by
about 100 meters. A rise as big as this caused the flooding
of many valleys near the coast.

Flooded, ice-carved valleys like Tracy Arm are sometimes
called fiords, while flooded river-carved valleys are called
estuaries. Many of the world’s best harbors oceupy flooded
valleys. Some deep harbors in North America that have
formed because of the flooding of river valleys include the
. Hudson River, Chesapeake Bay, Delaware Bay, San Fran-
cisco Bay, and the straits and harbors between British Co-
Figure 2  lumbia and the state of Washington. Oslo, Norway, is at the
far end of a 90-mile tiord. ' )

Coastatl plain ,

Coastline

Old sea level

' \ New sea level —
. - 100 meters
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Flooding due to a rise i sea level caused by melting ice

iy not the onlv possible way o forming an estuary or a fiord.
The same result would oceur if carth movements caused the i he dinastrous eanthquake tat hit Alasxa
- - . . .. m 1964 the land i sgveral of the harbors
land to stk bencath the sea, l'he diagram in Figure 2 shows sank enough 1o change the cntis shape of
how a niver valley could become an estuary if the sea level e coasting. wiping out houses, docks, and

. . . . . wharves
rose, or the land sank, or a combination of both effects

resulted i a relative rise in sea level.

—_—
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