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Foreword

A pupil’s experiences between the ages of 11 and 16 probably shape his
ultimate view of science and of the natural world. During these years
most youngsters become more adept at thinking conceptually. Since
concepts are at the heart of science, this 1s the age at which most stu-
dents first gaifi the ability to study science in a really organized way.
Here, too, the commitment for or against science as an interest or a
vocation is often made.

Paradoxically, the 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 commendable efforts to improve the
situation, the middl¢ years dtand today as a comparatively weak link in
science education between the rapidly changing elementary curriculum
and the recently revitalized high school science courses. This volume

and its accompanying materials represent one attempt to provide a” -

sound approach to instruction for this relatively uncharted level.

At the outset the organizers of the ISCS Project decided that it
would be shortsighted "and unWise to try to fill the gap in middle
school science education by simply writing another 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

authoritigs believe about schools, teachers, children, and teaching until

we have had the chance to tgst these assumptions in actual classrooms
with real children. As conflicts have ariseh, our policy has been to rely
more upon what we saw happening in the schools than upon what
authorities said could or would happen. It is largely because of this

policy that the ISCS materials ﬂ‘cpresent a substantial departure from’

the norm. : .
The primary difference between the ISCS program and more con-
ventional: a;:g{oachps is the fact that it allows each student to

N
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At his o pace. and at permis the ~cope and sequence ol instiuction

toovary waith s mterests ababines and backsronnd Phe ISCS wiiters
have svatematically tnied to pive the standeat more of a role i decuding
whiat he should stiuds nest and how soon he should study 1t When the
maternals are used as mmtended. the [SCS teachel setves more as i
“tash caser” than a “taskh master 7Olas s job to help the student
answer the questons that anse from his own studyv rather than to (ry
to antapate and package what the student ne eds"to hnow
_there s nothig radicalhy new i the ISUS approach toinstiuction.
Outstanding teacherns tiom Socrates to Mark an'km\ have stressed the
pecd to personahize education ISCS has tired to do something more
than pay hip service to this poal. ISCS™ niajor connbution has been 1o
denigin a swstem whereby an average teacher, operating under normal
copstiaints, 1 an ordimary classroom with ordinary childiet, can -
dqrd give manimum-attentuon to cach student’s progress.

The db\‘clnpmcnl of. the ISCS matenal has been a group effort from

“thie outset. It bepan n 1962, when outstanding cducators met o deaide
~ what mfg_hl Be done to Improve niddle- i,mdc sclence chghmb The
1ec ummcnd&tlons of these copferences were converted 1nto a tentative

plan for a set of mstructional materials by a small group of Flonda
State Univérsity faculty members  Small-scgle wnung SESSIONS Con-
ducted on the Florda State campus dunmng 1964 and 1965 resulted in
pilot curnculum matenals that were te \lul i selected Flonda schools
dumng the 1965-66 school vear. All this prehmmary work was sup-
ported by t/undx generously provided by The Florda State University.

InJunce of-1966, tinancal support was provided by the United States
Office of Education, and the prehmiary effort was formahzed 1nto

the ISCS Project. Later. the National Science Foundation made sev-

eral addigonal grants in support of the ISCS effort.
The first draft of thess méterils vmx produced in 1968, during a
summeér writing conference. The conferees were scientists, sciencg

- educators, and junior high school teachers drawn from all over -the

United States. The nrigina]"matcridls‘ have been revised three times
prior to their .publication in this volume. More than 150 writers have
contributed 10 the materials, and more than- 180 000 children, in 46
states have been involved in theirfield testing.

" We. sincerely hope that-the leachcrs and students who will use this

material will find that the- gréat amount of time, moncy and effort
that has gone into its development has been worthwhile. ]
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Tallahasste, Florida, The Directors ' ‘
FeBtuary 1972 INT!:RMEDIAT[ SCIENCE € URRICULUM ‘STUDY
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Notes to the Student

y - - -

The word science means a lot of things. All of the meanmes are “right.”
but none are complete. Science is many things dl}d is hard to de-
scribe e a few words.

We wrote this book to help you understand what science is and what
scientists do. We have chosen to show you these things instead of
describing them with words. The book describes a series of things for
you to do and think about. We hope that whitt you do will help you
learn a good ded about nature and that you will get a feel for how
'scientists tackle problems. :

How is this hook different from other textbooks?.

This book is probably not like your other textbooks. To make any
sense out of it, you must work with objects and substances. You should
- - do the things described, think about them, and then answer any ques-
tions asked. Be sure you answer cach question as vou come to jt.
 The questions in the book are very importani. lhgy are asked for
three reasons:
I. To help you to think through what you see and do.
2. To let you know whether or not you understand what youve done.
3. To give you a record of what you have done so that you can
' . use it for review.

-

How will your class be organized? -

_-Your science class will probably be quite different from your other

- - classes. This book will let you start work with less help than usual -
\ from your teacher. You should begin cach day’s work where you left

‘ - : off the day before. Any cquxpment and supplnes needed will be wait-
X ing for you.- ’




e m———yp —

~cursions will help you do some -of the activities m this book.) Some-

Your teacher will not read toyou or whl vou the thies that you aie

VoL H yvtoroo . . .
B T L R e R A AR EE N "';:"

[ry to work ahead on vour own Hoved huve HouDic, st 1y o
sohve the problem for voursell Don't askh vour teacher tor help unul
you really need it Do not expect him o pive vou the answers to the
questions 1 the book. Your teacher will tiy to help vou find whete
and how you went wiong, bHut he will not Jo vous woek forvon

After a few days, some o your classnuates will be ahead of vou and
others will not be as tar along, Ihis is the wiy the course s supposed
to work. Remember, though, that there will be no pnzes for finshing,
first. Work at whatever speed s best tor you. But be sure you under
stand what you have done before moving on.

Excursions are mentioged at several places, These spectal activities
are found at the back of the book. You nay stop and do any.excursion
that looks interesting or any that you fecl will help you. (Some ex-

times, youg teacher may ask you to Jdo an excursion. .

What am | expected to learn?

During the year, you will work very much as a scientist does. You
should learn a lot of worthwhile information. More mmportant. we
hope that you will learn how to ask and answer questions about
nature. Keep in mind that learning how 1o find answers 10 questions s
Jjust as valuable as learning the answers themselves.
Kcep the big -picture in mind, too. bach chapter builds on ideas
already dealt with. These ideas add up to some of the simple but
powerful concepts that are so important in science. If you are given &
Student Record Book, do all your writing in it. Do not write, in this
book. Use your Record Book for nraking graphs, tables, and diagrams,
too. , ’ ‘ ' :
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 Lo
worry. There are many right answers 10 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 to some of them. This may
seem disappointing to you at first, but you will soon realize that there
is much that science does not know. In this course, you will learn
some of the things we don’t know as well as what is known. Good luck!
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Just a few years ago the photograph you see on the facing
page could not have been taken. Isn’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 you have lived on the earth all your life, there
is a good chance that you have wondered about one or mor¢
,of the following, )

~

1. How old is the earth? °

_ Has the earth always looked {the way it.does on the
facing page? - ¢

. Has the land that your school rests on always been
there? o Y

. Is the earth changing in any way? S
5. Do the continents actually drift? '
6. What causes an earthquake, a volcano, or a landslide?

R
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Figure 1-1

e vou ever thoupht about any other guestions related
T R B B N LI R - S TR £ AU PR PR DS I
pm\'uh"u i the Keoord BBook, Jaiid Uen e vou study s
unit, or when vou fintshe check back and see it vou've ane
swered them

Betore moving i and petting doser ook at the carth,

eadmie the ch.xplcl CPCILE PrOine ey .lé’_.till

[ 11-1. 1f vou were an observer from outer spaee, how would
you describe the planet betore vou?

Figure 1-1 shows a bortioh of the planet-as seen from
about 150 miles above the surface.

[y

[J1-2. List the important features you see in the photograph.

[11-3. In the photograph, do you see any evidence of motion
or change? : :
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Figure 1-2

R If you said No in response to question 13, your answer is DOWN TO EARTH
correct, based on the evidence in the picture. - o e
! ['f]1—4. What would you say if asked the same question about N

Figure 1-2? If you decided that change 1s shown in the pho-
tograph, list the evidence you used to make that choice.

From the evidence in Figure 1-2, there’s no doubt that "
at least that part of the carth is active and changing. One )
of the exciting areas of study a geologist encounters is the '
study of the ways the carth has changed through time_and ‘

. what might have caused thfe change. ’
ﬂ‘ For a moment-let’s consider the subject of change on a grand  « DRIFTING
scale. In 1915 Alfred Wegener, a German scientist, proposed +  CONTINENTS

that all the continents were once joined topether and formed ’ - )
one super landmass. He also proposed that this landmass (

a
later broke apart.into separate continents. One of the first ) ‘ G

lines of evidence to suggest such an idea is the shape of the .
. continents. Try your hand at fitting the continents together >
Q= /

as you would a puzzle. For the activity, you will need the
following materials: '
A1

1 pair of scissors. .
1 map of the world o - o

'ACTIVITY 1-1. Cut out the continents of North America, South (
America, Eurasla, Africa, Australla, and Anta;ctica.

Y 18
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ACTIVITY 1.2, Piece the contiments together in such o way

LY BTV AT S YL B P A S
e T ARy et Dl Baaend 04 [ P L

)

Evon were snceesstnl v probuabiv wore able o put the
preces ot the puszzle toscther to form supcrcontinent Now
SHPPOSC somcone Wele ook vou f the conbinents were
really topcther once. What would vaou sav? What hind of
mtormation would you need to support the dea?

Now you have a problem. on your hands, don’t you?
Whenever we have a problem 18 solve, we need mformation
(call 1t data if you wish) to help us solve the problem. In
this umt, the source of that mtormation will be in the set
of accompanying resoutces. In sorhe cases, you will not only
have a problem posed, but vou will also have to search tor
the resource or resources to help you solve the problem. For
the first problem. we'll pive you some direction in terms of
which specific resource you might study.

The problem you have here is this: Wohar %ind of evidence
will support (or reject) the idea that the continents were once

Joined together? Read through Resourcos 1 and 2 very quickly

and decide which one you would like to do.

L 11-5. Which resource did you do?

[ 11-6. Did the resources support, or reject, the idea that the
continerlts might have been Joned together? Explain your
response. '

Let’s continue oyt examination of the carth. You probably

have never experienced the shock waves produced by ‘an
carthquake. But you probably have read in the newspaper
or seen on television the destruction of property and loss of
lives due to these tremors of the earth. You might think
carthquakes arc rare events on thc\-}lrth. gspecially if you
have riever experienced one. But this is not trues Hundreds:
of tremors oceur daily all around the carth, many too small

"to be repo'rtcd. Now and then, however, one occurs that is

powerful cnough to destroy cities and towns and kill thou-
sands of people.  + ‘ -

.
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have n\uunud them? \\’mu do they ocam? How deep

i the e

th do thev onpmate? How powertul are they?

Let's constder the tnst two guestions Where on the carth

and how deep below the surface do canthquakes ocom? o
tind out, you will need the gollowing matcrals.

3 different-colored pencils

‘1 map, in Record Book
I eprcenter data table, in Record Book

Below is a sample epicenter data table, which gives you

information regarding the dgtes time, location, depth, and »
magnitude of carthquakes.
Table 1-1
f""’“W’“v e R ' .
gﬁ'n‘; fe e ¥ PRELIMINARY DETERMINATION OF EPICENTERS . .
Y IR YOOI P
' e N :.-'ﬁi'.-“;. v v
" '3‘ Gcographxc Depth | Magnitude
Coordmates (Km) | 7 (CGS)

Norlhem Cblombna
New Britain Region 4 3
Pelt (111) g4 Rabaul. W.

Mag 6 (Pas).”
|- South-of Fiji Islandga?

. Y!‘ﬁjtz.

Andrcanof Islands, ,Alc\man. 15;:7.._

‘5_‘ ﬁof'l

‘0‘/ v"‘ﬁ‘\

gt

Andrcanof Islands Alcutxan I§~

E

chxly

"Nonhem Jualy

:;{: < East: Ne\(r Gum,:ch%c)n

“Felf (1I1) in Cote d’Azur.‘.- R I
.Soygh” Sandwich Islands, chxon ;

~. Notice that if you read across a single line in Table l—l,
- yot will obtain information about a single carthquake.

CHAPTER 1
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~

Flgure 1-3

\

Table 1-2

.
“11-7. Lo mahe sure von can read the tables deternine the

Sl et thi bt caethonal e hted

a. Date carthquake occuried
b. Gengial locaton

c. Depth (ki

d. | attude

e. | ongitude

How did you do? It yau were successtul, continue on. It
not, po back and study the table.

Hlsing the data trom the table, you are to plot the location
and indicate the depth of each catthquake. To indicate the
depth, utilize the following chart in plotting your carth-
quakes. ’ '

v e e,
. e e
L

b . Earthquake - . Depth (km) Symbol or Color .

i"i..:‘. b . " . . N S
{7,> iz Shallpw oim - 0-69 “ 4 blue ey
¢ e Moderate 70-299 M red .
‘3 © Deep i More than 299 0O yellow s

To locate the position of the earthquake on the map re-
quires the use of two coordinates. 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 exa_myle, in Figure 1-3, point X has the coprdinates
of latitude 30°-N, and longitude 90° W. Dook at point Y, with
a latitude of .15° S and longitude of 90° W. '

|

l ...... | | - ] Sl _r__ . .
—

45"N

30 M

15°N

158

30°S
45°S

— . e 1 607S

SN ISR PN B doo— - —_— X
150°W 120°W 90°"W 60 W 30°W 0° 30 E 60"E 90°E 120°E 150°E 180"

—— et

. =

-

24




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
Ir and use an appropriate symbol or color to mark it. Now, using
' the epicenter data table on page 3-jn your Record Book, plot
all the earthquakes in this manner.

|
. ; , )
. - —_— :
- o
| 1 ] LN
> (1 [ | L1 1
it-
a _ .
|
s ,
th 1
‘ []1-9. On the basis of the earthquakes you have just plotted, e
N " list the regional locations of the earthquakes.
N . h
N o F11-10. Would you say that earthquakes are randomly dis- ’
N tributed over your map, or are they concentrated in zones?
Look over your completed map again but, this time, focus .
S \ __
s -on the depth of the earthquakes. ,
s [11-11. Can you find any zones on your map where there . : -
S _ are concentrations of shallow, moderate, or deep earth-
> _quakes? If so, where? ' CHAPTER 1+ 7
| T




You now hnow that carthquahes do occar me zones and
that some pl’;,y('('\ on the carth have mote shallow carthquakes

I . IS ..
(B IURDIIEE R RS L P SO

/ ‘.
[ 11-12. How can vou explan this pattern of carthquake
location? Why are there zones of shallow carthquakes and
: zones of deep carthquahes? -

' [ 11-13. Refer to Resources 3 and 4. Does either resource
¢+ provide you with an adequate explanation of the two obse
vations concerning carthquakes?

[ 11-14. 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 earth. Like any
model that you have developed in this course, it is temporary
and subject to change as new data and evidepfce are gathered.

+

More about resources

4

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

RECOURCE S e
| Q:CLUSIER

When this occurs, you should tyrn to the resource section

at the end of the chapter. Everything you need to answer
all the problems will be somewhere among the resources.

|mportagtNote_ The resources follow cach chapter and those
Sollowing Chuapters 2, 3. und 4 are jurther arranged into clus--
lery.

: _ _ - For example, if you are working in Chapter 2, for each
resource problem in that chapter, you will be directed to a
' T cluster of resources indicated as Cluster A, Cluster B, and
8 CHAPTER 1 so forth. . '

.

-

+ - ’ _'36




nd
s Roemember resouree nenhes support and that’c what ven .
gel Ldeil 1esoulee confamis inoniaiion tiae you cai i
back on to fill gaps in your knowledge. Unlike excursions,
ke : however, they are not arranged in the order you will need
nd _ them, even though they are ghouped by chapter. 1t s up & \
you to find and use the ones vou think will be helptul ’ »
e '
- Take a look &t the general geology chart (the composite dia- HOW THE UNIT IS
gram, shown in Figure 1-4 below). If you look closely, you ORGANIZED
tin ' 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 *
- of the important landforms found in this country. Figure 1-4
e ' . . .
ny : ¥
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d.
—g—
: ¢ Young
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Figure 1-6
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Iach of the thiee chapters that tollow focuses apon tea-
B T T P B L EP S L O NI TA A W PRI G NPT S TP
tll.‘l}‘\l.llll AS VO WOL K o e Lll.ll!lt'lx, KIS E S AR TR RN T A YY
vour resoutees as @ help e explamimy how the vanious fea-
tutes pot the wav they e

Chapter 2 centens upon some of the most spectacular see
nery i the Uited States the mountans (section G) In it
vou will try to tiguge out how Lindscapes like the one shown
imm Frpgure 1-5 pot the wan they are and even (ry to- guess
what the area may look hke in the future. '

ws

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 featurcs you will interpret are
the ones shown in Figure 1-6. :

\
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-
Chapter 4 deals with thy arca that borders the s the

shorelands. This-is section A in the diagiam. Bxamples of
the kind of features you will study in ¢ h.lptcx 4 are shown,
in b lgnrc 1-7. ’

Begin your study of. “crusty problems” with Chapter 2,  Figure 1-7
“The Mountains.” When_you have finished all the chapters .
#d the appropriate resources, you should be better able to j(/ ”\8
interpret the country you live in. Good luck! : Q m m

\-,-’

Before go’lng on, do Selt-Evaluation 1 Ih your Record Book.

»

1 Am‘:ientlc‘e Sheets /,

~and Contjinental Drift

During the late nineteenth century,, geologists discovgred
evidence that an ice age existed about 200 million years ago
in three continents of the Southern Hem}sphere~South
Amorgca Australia, and Africa. What was the evidence, and
more important, what dees.an ancient ice sheet have to do
with continental drift?-

- First let’s look at the evidence. Fxgure 1 shows a rock °
outcrop that is rather smooth in appearance and has a series

\ il .
. 'Y ‘. . )
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of parallel grooves. 11 you know anvthing about the hardness
of rocks, you'll probably agree that whatever scratched the
ruchs in baguie Tust have beenaveny pow criul toree 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. :

b
-

%

A glacier carriés, at its base, rock fragments of various sizes
that act as an abrasive, like sandpaper. Thus, as the glacier
moves along, itis capable of scratching and cutting deep
grooves in the rock. ' .

Ariother piece of evidenc¥ is the location of deposits simi-
lar to that shown in Figure 2. Notice that the material con-
tains récks of various sizes, from large boulders to small
fragments. Also, note that there is an abundant supply of
finer material, such’as sand, mixed in with the mass-of rock.
This is.a typical fedture of glacial deposits. Such a depgsit
is called glacial drift. River or stream .deRgsits are more
uniform in.size because of the sorting effects of moving
water. _ -

Glacial grooves and drift of about the same age have been
found on South America, South Africa, Australia, Antarética,
and India! Figurg 3 shows the distribution of ancient glacial

i )
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#%" = Glaclal drift
—) = Glaclal grooves

drift and the direction in which glaciefsmoved. (The direc-

. tion"of glacial grooves tells geologists the direction in which

the glaciers moyed.) Look at South America closely. In order ,
to explain the glacial grooves there, it \Z?lld be necessary
for the glacier to have moved from areas now covered by
an ocean. Also, note that glacial drift is found 'very near the

- equator. e 8 - ' '

a

- .

Figure 3 .
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One cxpl;m;uinn of these facts s that the Tandmasses were
conneeted at the time of placiaton and then the continents
moved apart at a later e

ACTIVITY 1. Using the cutouts of the continents from Activity
1-2, draw the arrows showing the direction of glacial motlon
on each of your cutout continents, ag shown on Figure 3. Use
a colored pencil to show the distribution of drift. Fit the conti-
nents together, using as guides the direction of the arrows
(assume the glacier moved out in all directions from a central
area) and the distribution of drift.

P

[J1. Do you think the distribution of glacial drift and the
location of glacial grooves provide evidence to support, or
reject, the idea of continental drift? Explain your answer.

any »
e

i

', Y - ) . 0
b [J2. 1f not, what other explanation can you make?
’ . -

¢

b

7 . 2 Rock Layers, Fossils,
f. ~ | and ponti’neﬁntal Drift

-

ST RN A T

Do vou think the rock layers on the left side of the highway
in Figure 1 match the rock layers on the right side? Compare
the areas at the ends of the two lines AA’ and BB'. They
} : ~ Figure 1 should help you conclude. that they do match.

AN s 4 . @V~ AL DML )
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come . YOAL Shouldn't. be. surprised, because engineers blasted the

rock away to build the highway However, the photopraph
lustrates one of the things that geologists do; namely, try
to match rock layers that are separated from cach other.
‘Let’s look further at the idea of matching rock layers.
I
(J1. Can you match one rock lz%cr with any other rock layer
shown in Figure 2?7

The problem of matching is a little more difficult in this
photograph, but if you use a'rule you shquld be able to fi
several layers that match (based on the dol"or of each fayer).
Notice the thin dark layer near the top ‘oni the ridge at the

left. Perhaps you used this layer to help yousmatch 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.

Figure 2

Flg'uré 3

;
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Figure 4 shows diagrams of two sequences of vock Tayers
All the rocks are layered. A key is pravided to help you
identify the rocks.

[J2. Do the layers in rock sequence 1 match the layers in
rock sequence 27

2% 0 Tillite (rock
S0 tormed from
glaclal till

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

[ X ]

o°o° o°0 (X

Shale with
animal fossil

[ ¥ )
0.

Rock Sequence 1  Rock Sequence 2

Figure 4

You probably foung 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. ;l‘he third layer is shale with
animal fossils. The fourth layer in sequence 2 is a-mixture
of sandstone, shale, and coal, which appears to be missing
in sequence 1. However, the fifth layer in sequence 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 Rave used the fossil to help you answer ques-
tion 2. Geologists use fossils to help them match rock layers.

Flgdro §
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In fact, the presence of a certain type of fossil s a better
clue that the layers match than s the type of 1ock. Notiee
that the layer containing this plant fossil, which is called
Glossopteris, lies just above the tllite,

Here’s one more fact that might be helpful. Rock sequence
1 in Figure 4 is found in southern Brazil and rock sequence
2 is found in South Africa! |

(J3. How can you explain the occurrence of similar rock
layers and identical fossil plants on two different continents?

" Probably tlie strongest kind of evidence to support conti= -

nental drift 1s 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 seeds. However, the first flying animals
did not occur antil millions of years after this time. Thus,
the idea of continental drift was supported 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 elsewhere.
Well\ they have! They were found in Australia, India, and
Antarctica!

3 antfédtion Theory

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 heve
been developed ;

One model is described belowa Read the description care-
fully and think about how the process being described 0fght

‘have affected the earth. Later you will .be asked to use the

model to explain how certain mountains were formed.

\
. ~;‘_:-




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 one at home.

¢ . .
P ' .

4

Figure 2
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and are not evenly distributed on the eartf”

. earthquakes occur.: ) : " 19

One model for mountain-building and carthquakes views
the carth as being somewhat hke a baked apple  that s, as
having a tough “skin” around a core that was once very hot
and s now shunking as 1t cools Accondmg o this model,
the core shrank, causing some parts of the carth’s crust to
be uplifted, fogning mountains. Other parts of the crust were
pushed downward into valleys (see Figure 3). Cracks formed
in the crust and these led to still other changes.

Mountains

Earth's core

Figure 3

4 Sea-Floor Spreading
and Earthquakes

You have completed ‘an exercise in which you plotted the
location of many earthguakes. Geologists have been collect-
ing similar data for years and have compiled the data as you
did whén you plotted the earthquakes. Figure 1 on the next
* page is a wotld map showing the distribution of carthquakes.
Note tHat the earthquakes are restricted to zones or belts

c’m}

. . -

(J1. In the region between South America and Africa, are
the earthquakes shallow, iﬁtcrmcdizt:,, or deep?,

[12; How deeg are the earthquakes that occur along the |
western coast of South Ametica? . : ' . \

'013. Identify two other areas where intermediate and deep * .

-
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You should have noted that there is a zone of shallow
earthquakes splitting the Atlantic Ocean. In fact, if you
glance back to the map you can trace the shallpw earth-
quakes around the earth. This system of shallow earthquakes
is known as the mid-ocean ridge system and consists of a
chain of volcanic mountains. Shallow and deep earthquakes
occur along the boundaries of ogeans and continengg (such
as South America and the Pacific Ocean) or between two
continents (Africa and Europe). .

How can this pattern of carthquakes be explained? One
theory that has been proposed states that the earth’s crust
is separated into plates Ag?at in some places are spreading

apart -and in other placgs are colliding. The earthquakes -
occur when these plates of crust are separating or colliding,

8
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According to the theory, new crust 1s being formed at the
mid ocean ndpes and i ospreading away meotwo opposite
directions; at other places older crust 1s smking back into
the carth. ICs like a great big cmwcy:)} belt. Figure 2 shows
a continent rifting and then the two segments drifting, away
in opposite directions. New crust forms and spreads away
from a central ridge.

Continent

Trench Trench

Figure 2

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 compasses, 2 sheets of
notebook paper, and a ruler.

acTivify 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
sheet of paper so that the top half rests on the left desk; fold
the right sheet In the same manner over the right desk. As-

.. sume that the Joined sheets of paper represent.a continent
_ betore break up. _ . -

(Y

p

™~ Taped end
hanging down

RESOURCE 4 21




small bar magnet next to the papers in

he two desks. Place two compasses on
e magnet around I

ACTIVITY 2. Place a
the groove between t
each sheet of paper,
the needle on each com
net. The magnet repres
the compasses will be u
on each sheet ot paper along the groove. Thi
the edge of the two continents.

s shown. Turn th
pass is not polinting toward the mag-
ents the earth’s magnetic fleld, and

sed to detect the\peld. Draw a line
s line represents

ACTIVITY 3. Rift, or split, the supercontinent by placing one

e i s e - and on-@@ch Sheel of pAPST a_r)_g__g!q_\gvly spreading the papers
away from the center. Spread each 'sheet of paper about 3 e

cm from the rift line you drew. Shade lightly in red the area
of paper that you have pulled out from beneath the table. (This

is the rift area.) Rift
line

&

ACTIVITY 4. Record the magnetic field on each side of the
rift by drawing an arrow in the direction that the compass

needle is pointing. Rift

. Magnetic
Y — ftield

22 RESOURCE 4
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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 lightly In blue the area that

\\ was pulled out. Agaln, measure and record the direction of
the compass needle, as you did in Activity 4.

1@

-~

»

Repeat Activity 5 two more times, spreading the continents
2 cm the first time 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 ficld has
reversed several times during geologic tinfe. Each time you
turned the magnet around, you were reversing the carth’s >
magnetic field. No doubt you have worked with a magnet
and you know that metal, such as iron, will be attracted to - e
. @ magnet. According to the sca-floor spreading théeory, 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 ' \S
be recorded in the rock. The little metallic “compasses™
would line up withwthe earth’s magnetic field just as the
compasses you are ysing line up with the magnet.

el

Figure 3 on page 24 shows a diagram of the magnetic field
recorded in the North ‘Atlantic.

* - 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

' r_ocks with a reversed magnetic field. . RESOURCE 4
- - d 8 : \
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Figure 3

[14. Does the diagram in Figufc 3 resemble the model you
- made with the two shcets of paper? :

[}5. Measure the distarice along line AA’, from the ridge axis
_to the last shaded area on each side of the axis. Are the two
_distances about the same? . -,

[]6. What does this tell you about the amount of spreading
on each side of the ridge? - ‘ .

Examine the drawing 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

one on the right. .

i K ) .
[17. If you were to collect samples of rock at the ridge and.”
at several other areas between the ridge and South America,
. what would you predict about the age of the rocks? + -. -

Since the activity at the ridge-is near the surface of the .
crast, the earthquakes are shallow. As new crust forms, it
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spreads away from the crust, with spreading, on cither side
about the same. Further, 1t has been discovered that the
farther from the mid-ocean ridge the sediments are, the older
they are. Thus, yeientists now believe the deean floot i the
Atlantic is spreading slowly away from the mid-ocean 1idge.
The pattern of carthquakes aleng the mid-ocean ridge out-
lines a huge crack in the carth’s crust.
-y
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The Mountains

i .
Suppose you were asked to guess where the photograph in \
Figure 2-1 was taken. We’re not so interested in- the place, '
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.

g('( e“\'

\\\\

-

- Figure 2-1

Did you -guess-4 'seacoast, a stream, or a lakeshore? All
of these are obviously sources of water. You may be surprised
to discover that the 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 Fxgure 2-2,
The npple mark surface is tilted! :

Chapter 2
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Figure 2-2

v : ) We have -two observations here, don’t we? First, we ob-
. serve a feature that was probably formed underwater, per-

' haps in the sea but here it is high in the Rocky Mountains.

Second, the surface upon which the ripples are seen is tilted.
What does this tell us about these rocks and this area? To
i B find out, let’s trace the history of this area very briefly, using
] the observations we have. For this activity you will need

o a geology cutout block, a pair of scissors, a clinometer, and

) 2 colored pencils.

o ——————
1
[]
[l

—> | ]

L il e

ACTIVITY 241 .' Cut ou é figure along the dotted lines; then
within the area marked by the solid lines, sketch in a series

» 28 CHAPTEB 2 of parallel lines to represent ripple marks.




~ formed, the water was washing over level land. Place your

- as In the figure. You may have to support your geology block

ACTIVITY 2-2. Mold a square of clay the same size as the
area within the sofid lines and then fold the paper mold along
the solid lines and place the model on top of the clay—you
now have a geology-block model. -

(Y4

Paper

.Hzmds
_shape E %, model
VDGR

“ clay

Examine Figure 2-3, shown below. This is a cross-section
diagram of the area shown in Figure 2-2. '
Red

rocks
Ripple-mark . .
zone s\ o

~~—~_layers

of rock

Figure 2-3

Now return to your geology-block model, remembering
that you are looking at one section of the arca shown in

Figure 2-3.
) Block flat

ACTIVITY 2-3. Assume that when the ripple marks were being

block 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

4y




| 12-1. Wnite i your Record Book o« very bied account,
based on what you have just done, of what vou think might
have happened in the past in the arca of the npple mark

) ZONC.

\‘-

You've probably concluded that the rocks 1 this area were

’ ‘ once lying flat but now are tilted. geme 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
A it was tilted up. (If you took down the geology block, tilt

mark 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" % 7' index card, as shown, and
then, from the reference point of the protractor, hang a string

¢ : with a weight on the end.

R ———
Vg

OWEL R T
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Count number ACTIVITY 2-5. Place the clinometer on .your geology block

of degrees. and read the angle directly off the clinometer. .

- -

k | -

_[0J2-2. How many degrees did you estimate the rocks have
been tilted?

- - This angle is known as the dip angle and, as you have

2

! .

t .

- ) ' ‘ 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 t0 determine how moun-
tains were formed, what they are made from, and what is

30 CHAPTER 2 likely to happen {0 them in the future. '

-~ .
¢ v

found out, is a measure of how much the rocks have been

it again as the rocks are tilted in Figure 2-3 in the ripple

ol
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To hind out mere about mountans lefs st by exannimye
materials from the mountains, Select the following rocks
from the rock kit in the supply area: numbers 05, 06, 08,
12, 13, and 7.

To begin vour study, you will need a hand lens and a
teasing needle (a sharp nail will do). Your goal 1s to be able
to describe your samples and make a decision about the
texture of cach rock. You're going to discover that you can
tell a tot about a rock from its texture. Enter all your dect-
sions in Table.2-1 of your Record Book.

ACTIVITY 2-6. Pick up a rock sample and look at It, using
a hand lens. Hold- the rock a few centifheters from your eye,
with the hand lens up to your eye. Rotate the sample In your
hand (in good light), examining the surfaces of the rock.

ACTIVITY 2-7. First decide whether the rock Is made of only
\ta\ﬂi*gle kind of material or component, or more than one.
Enter your decislon In Table 2-1.

AR Nl R U

e 4 ~‘h o l(‘" ﬂ .""""‘\\"..‘“_...' L L£x. 3 N &
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 ' -
cholce In the table.




ACTIVITY 2-9. For those rocks you declided were Interlocking,
declde If the components are oriented In a given direction
or randomly distributed in the rock. - '

-
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Table 2-1

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

way they look. |
17
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Here are some of the questions that you'll be tackling next.

[]12-3. a. How 'do you distinguish among igncous, sedimen-
T tary, and metamorphic rocks?
b. How do these rocks form?
¢. What kind of materials are these rocks magde of?

After having studied the resources in Cluster A, return to
the six rocks you studied and answer the following questions,

[12-4. How do you think rocks with ,ir%rk)cking texture
differ from rocks with noninterlocking texture in terms of
the way they are formed? ldentify at least one mineral in
each of the six rocks and indicate, in Table 2-2¢in y

Record Book, whether the rock is 1gncous metamorphic, or

sedimentary.

& WW*WW"' w' S Sl g T >
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Before taking a tour1of the mountains in the United States,
let’s get a general picture of the distribution of rocks in the
country and how they are associated with the mountains.

Examine the map in Figure 2-4 showing the distribution of

flat-lying sedimentary, stccply-ulted sedimentary, and igne-

ous and metamorphic rocks. Compare the rock distribution
map with the map showmg the location of the mountains
in the United States (Flgure 2-3). Using these two maps,
answer t.he following questions. .

Fea
<y

WHERE ARE THE '

MOUNTAINS

ki

S
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| 12-6. What hand of 1ocks would you fnd ol you visttad the
Apy alachian Mountaifis?

# | 12-6. Arc there any mountams in your state? I not. po on
to question 2-7. What s the name of these mountains? What
,klnd of rocks are found in them?

[ }2-7. 1t your rc:sp()n.\c\ﬁ‘f 2-6 was N'n. whare are the closest

, mountains?
([ ])2-8. What kinds of rocks would yhu find there?
i — . t
L 4
ot i Figure 2-4 .
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Death Valtey, California

Your first stop on an imagindry tour of the mountamous
regions of the United States takes you to the lowest point
in the country- -Death Valley. An area 85 meters (280 feet)
: betow sea level may scem hike a strange place to bepin a
tour of the mountains, But if you take a look at Figure 2-6,
you will see that some fairly high mountains surround the
valley.

il

Notice how steep and rugged the west wall of Death Valley
’ looks. Piles of sediment, apparent in Figure 2-6, fan out at
. the base of the walk, and you can see patches o 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 featuves thdt may indicate that active processes are

X (sand washed down from the mountain) on the west side of
- K Death Valley. Loak closely at.point A. There ®pears to be
¥ .+ a line running left and right from this point.

(J2-9. What ap[;éars to have happened above the line on

. the fan? )
. - ’ £

Ju

occurring in the rea. Figure 2-7 is a view of an alluvial fan-

Figure 2-6

s

CHAPTER 2 35
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Based on wha{ you know about the formation of
layerd® rocks, what does the positi_‘n of these rocks tell you
_abouffhe probable movement on the west wgll of the valley?

 Figure 2-8 shows a general view of the Dgath Valley area.
Once again, notice how steep and rugged the west wall of
the valley is. Then check the stecpness of the back side of
the same mountain. Notice how many other mountains in
the Death Valley area have the same wedge shape (see point

10 C! l.'i-‘i!::ﬁ@ A in Figure 2-8). Use Cluster C for help.
, - v : * a

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

' _ [J2-12. Explain your answer (o qucstioh 2-11, using one
36 CHAPTER 2 model for uplift-of the carth’s crust.
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Pacliic Ocean

Wolght of sediments
{ " Figure 2-8 .

Mono craters In California !

About 320 kilometers (200 miles) north of Death Valley
is a set of mountains that looks quite different from the ones
you've looked at so far. The Mono craters are a group of
about 20 domes, 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 negy B. , o :
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I vou were fo look a1 the tre of craters more dosely, they
would appear to be Iike the drawing in Pigure 2-10. ithere
you will notice that the dome contams a shallow hole at the
top. ’ '
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In the supply arca are some Specimens (number 10) of
rock ‘like the ones in the Mono crater arca. xamine one
or more of these carefully, and refer to Cluster B. '
[]2-13. Based on your knawledge of rocks, what clue does
the texture of the rock give you as to the origin of the rock?

[2-14. Based on the shape of the features in Figure 2-10
and the kind of rock.samples you have scen, how do you
think the Mono craters were formed? -

-t
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Examine Figure 2-11, a photopraph of Mount St. Helens
in the state of Washmgton. Notice  that this  almost
3OO0 meter( 10,000 foot) haph prant stands well away from
any other mountain and 1s rather cone-shaped. '

[ 12-15. Do you think Mount St. Helens was formed an a
way similar to the Mono craters? Explam your answer

Stone Mountain, Georgla

e

One of the most interesting mountains i the country hes .
. just outside of Atlanta, Georgia, and is called Stone Moun-
! - tain (sce Figure 2-12). This 200-meter(650-foot)-high hunk
of once molten rock, is surrounded for miles i all directions |
by rocks that geologists believe were originally formed in
water but are now metamorphic. ' v

> . ' . ' Figure 2-12 )

. The rocks that make up Stone Mountain are quite differ- ’

£ entin’appearance from the rocks you examined from the

) Mono craters. In the supply area you will find samples o

- (number 07) of rocks like those from Stone Mountain. Com- ' s
pare these samples with the Mongq crater rocks. ' - :

e ‘. *fJ2416. What do the differences in .th'e'se rocks tell you about . P
: " how and where the Stone Mountain samples were formed? : CHAPTER 2 39
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| 12-17. I the 1ocks from Stone Mountain were formed
within the crust, how can you explain the fact that they are
exposed at the surface, and are higher than the surrounding

*TO CLUSTER | :’ rocks? Clustr B will help with the explanation.

CHECKUP

Here is a sketch of the roadcut shown in the photograph
in Figure 2-13. The light-colored rock is sedimentary, and the
dark -colored rock is igneous. Based on the resources in Cluster
C, answer the following.

How did the dark-colored rock get where it is now? (; '

2. Which do you-think is older: the sedimentary rock or
the igneous rock? :
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Ridges and valleys of the Appalachians -’

As the map in Kigure 2-14 shows. the .~\pp;nl;u;ﬁ/i;m Moun
tams extend over much of the castern Uinted Stades. Lookmyp,
closer at the mountains (see Figure 2-15), three zones can
‘ be identified as follows: zone A, the Appalachian pliateau
consisting of flat, gently tilted sedimentary rock; zone B, a
series of ridges and valleys trending toward the northeast:
and zone C, metamorphic and igneous rocks, forming the
Great Smoky Mountains. Farther to the cast, the Picdmont
and coastal plains are encountered.

Figure 2-14

g 7
. v

Butfalo, N.Y. Harrisburg, Pa. New York, N.Y.
I . Cumberiand, Md.

et

g B _ . Figure 2-15
Let’s focus on zone B, the ridges and valleys of the Ap-
palachians. If you were a geologist trying to judge how ridges
. F - and valleys were formed, you would have to travel over a
:9{'1' . wide area. Figure 2-16 has been drawn to save you time.
l* This diagram shows some of the ridges and valleys, as well * -
o ) as the rocks, in cross section. ' | "CHAPTER 2 41
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10 CLUSTER G:

SEARCHING FOR
A MODEL

Table 2-3

N

42 CHAPTER 2

Figure 2-16

[ ]2-18. Explain and describe a process that will account for
the series of ridges and valleys shown in Figure 2-16.

In Chapter 1, you studied several models that dealt with
uplift of the earth’s surface. In this chapter, you studied
several types of mountains. Table 2-3 summarizes for you
information about cach mountain that you investigated.

Types of Origin of Shape of
Rocks ' Rocks Mountains
Blogk-Fault sedimentary marine - linear; *
- (Death Valiey) and | deposits wedge-shaped
A C metamorphic .
v Mono craters igneous cooling of round
4 molten
L ' material at
‘-\ the surface
of .crust
: . . @
: Stone igneous cooling of round
- Mountain molten
AR \ material
- , ~ beneath the .
: L crust
Valley and sedimentary marine linear; -
¢ Ridge of - . deposits -folds
- Appalachians v \
- S

[]2-19. Do any of the models you have studied help you

- explain how any one or several of the mountains listed in
Table 2-3 might have been formed?

| 4
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Removing the mountains

Mountains don’t last forever! Up o dus pomt, you have
been concentrating on how the land is uphtted o form
mountains. Let’s make a shight departure and sce how they .
are cut down and sculptured. Much of the variety that causes
mountains to be so awe-inspiring was caused by the sculptur-
ing of already uplifted materials. One way that mountuns
are sculptured is by glacial action. Take a look at Figure 2-17.

» - wd te .
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. - . . ¢
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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 flat surfaces. This kind of landscape is fairly
typical of areas that have been carved by glaciers—mov-
ing rivers of ice. In fact, the: remains of what was probably
onge a much larger glacier are shown in the center of the
photograph. A

(]2-20. How does a glacier sculpture mountains? To help
solve this problem, you might -use Cluster D and consider
. the following questions.

[J2-21. How are glaciers made, and how do they move?

L8

Figure 2-17

R 1R L)
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- Figure 2-18

WHAT KIND OF
MOUNTAINS DO
THESE. LOOK LIKE?

| 12-22. How are glucml features, sich as U-shaped valleys,
bowl-shaped basiis, gl‘m.xl Lakes, and hanping valloys,
created?

"Well, if you've done pood work, vou'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.

Young
mountains

old
River<y_ aul

'éi 21
To find out how well you’ve done your work, look over
Figure 2-18. You will recognize this drawing as part of the
overview sketch you saw before in Fig}z_é 1-4. On the draw-"
ing, you will find examples of just dbout all the kinds of
situations you’v€looked at in this: chapter. If you’ve worked

well, you should be able to give reasonable descriptions of -
the way gach 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.

Sefore going on. do Self-Evaluation 2 in your Record Book.
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5 Distinguishing Among LUSTER A
Igneous, Sedimentary, .. "7 i
and MEtamorphic _ROCkS rf;omgmwo ON

| 1HE ROCKS?
- /7 s
..‘.,I. l".-lO ]’,
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The properues that a tock has are a result of how the 1ock i
was formed, Thus, m this tesource vou will make caretul 1

oBservations of rocks 1 order to determine how thev were
formed. In domg this, you will then be able to tell i a given

rock 1s sedimentary, tgncous, or nmetimorphic,
Go to the supply arca and pickh up a kit of mixed rocks,
a hand lens, 1 bottle of HCL and a steel nail. Betore working
through the activities that follow, predict which rocks vou
believe werd41) once molten and thén hardened as they
cooled, or (2) once sediment but then cemented together.
Make scparate lists, using the number on the rocks, and then
. at the end of the resource you can check to see how good.
your predictions were.

Listed below are a few simple tests that will help you sort
the rocks. Read the tests tirst 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

components (minerals) that are held together in an interlock-.

ing fashion, (2) has visible components (minerals) that are

held together by a cement (noninterlocking), (3) looks 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. , as




‘46 RESOURCE 5

Connponitioi 1N 1 ook at the mineralsoan the specimen and
trv to wdentity as many minctals as you can. e mostcoin-
mon mnetals you will pmlmhl\' see e qquatlts, feldspat,
mica. calente, and hornblende. 1 you can not wdenuty these,
do Resource 11

Fossil test- ook tor fossil® in the rock. They may be in the
Aorm of small shells or mmprmts ot leaves. )
Chemical test: Put a couple of diops of HCT on the specimen
and look for bubbling. Be sure to wash the specimen with

water when you are done.

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

1. Is the rock made up of visible minerals that arc inter-,

locking? If the answer is Yes, it cannot be sedimentary —go
©on (o item 2 in this list. If the answer is No, go to item 7.

2. Are the minerals of the same kind (sam¢ color, about

- the same shape, same hardness)? 1f the answer is Yes, 1t
‘cannol be igneous—go 10 3. If the ahswer is No, go to 4.
. _

 +3. A rock with crystals of all the same kind is probably
=~ metamorphic. ~ .
4. Are the mincrals of the different types 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 is No, go t0 6.

+5. A rock with different types of minerals in a uniformly
mixed pattern is an igneous rock. '

*6. A rock with different types of minerals arranged in
stripes or bands 15 metamorphic rock. ~

[ 4
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7 1Is the rock frothy (full of small holesy? It the answer
18 Yes, go to b I No, go o Y.

*8. A rock, with lots of small holes, that looks as though
it has been full of gas at some time is an igneous rock
formed by cooling a gassy lava.

oY

9. Is the rock glassy (like a piece of colored broken glass)?
If the answer is Yes, go to 10. 1f No, go to 1L

*10. A dark, hard rock that looks like glass is probably
igneous rock formed by fast cpoling Of a lava flow from
a voleano. ’

[1. Is the rock made up of strong, flat sheets that look
as though they will split oft into slatelike picces? If the
answer is Yes, go to 12. 1If No, go to 13.

*12. A Ng&that splits casily into thin, flat sheets is proba-
bly metambrphic. The splitting has been caused by pres-
sure. It used to be sedimentary. If fossils are present; they
are probably squashed and flattened.

13. Does the rock contain easily recognized particles, like
fine silt, sand, or pebbles, cemented together? If the answer
is Yes, go to 14. If No, go to 15.

¥

Table 1

¢

IR )
Test 1« Sedimentary . Igneous

2

Metamorphic

+»--, 77| Noninterlocking; dze of | Interlocking; random -

L]

minerals ranges from distribution; size of

Interlocking; random
Xnd oriented distribution
in bands or flakes; size

| .

* Texture very large graind™to | - minerals ranges from
s .| invisible. .7 glassy to large grains. ranges from invisible

. TR AT SR grains to very large grains.
! ’ . 1l Minerals may include . | Usually contains quartz, . Minerals may be quartz,
i Compasition - | , quartz, feldspar, calcite.. i-feldspar, mica; sometimes | feldspar, mica; some
N i ) &+ - Vs [“hornblende, olivine. contain garnet or calcite.

I T

o L] oMay have fossils. | - T "‘};NO ossils | If fossils are present, they.
§ PFossil © Eriheesd ten i L | are usually squashed or
I TRTIR R L F R twisted.

. 6L
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14 A toch made of st sand, or pebbles cemented to-
pethes is sedimentary. It may have fossils. You can proba-
bly sec the layenng good specimens.

15. 1f you have come this far, you have a specimen that
1s ditlicult to wdentity. 1t is not gncous. Hmay be sedimen-
tary or metamorphic. An expert is needed to sort this one
oult,

Check your answers against Table L.

6 How Igneéus Rocks
Are Formed

Igneous rock is rock that was once molten and that crystal-
lized as it cooletgSome igneous rocks are made of very small
crystals, and others are made of large crystals, but most are
made of crystals oﬁil]‘crcm sizes, colors, and compositions.

To be able to understand how igneous rock forms from
molten rock, you can simulate (imitate) the process on a

~small scale. You will need the following items:

~ “About 4 cm -,

1 test-tube rack 1 baby-food jar

3 test tubes - 1 knife, cork borer,
1 alcohol burner Or SCISSOIS

1 test-tube holder Naphthalene flakes
3 largé corks - Sodium thiosulfate
I flat metal or glass surface Sulfur

(aluminum foil, window glass)

= e,

ACTIVITY 1. Uslhg a knife, cork borer, oroclssor's, carefully
dig out the middle of a cork to make a well, as shown In the
diagram. Prepare three corks like this and label them A, B,

and C. . .
/ "‘ ‘4— About 2 cm Ab‘o\t 4 OMV‘1
TV TF]




ACTIVITY 2. Get 3 test tubes and label them A, B, and C.
Put about 5 cm ot naphthalene flakes into test tube A.
\
.;“
1 NAPH THALERE
X N |
k— ACTIVITY 3. Put about the same amount (5 cm) of -sodium
thiosulfate into tube B and of sulfur into tube C.
" -
i Sodium \\
thiosut o
osu fatg ~Ni
¥: ACTIVITY 4. Very gently heat tube A until the naphthalene
€ starts to meit. Then tgke the tube away and shake it gently.

' ki {,i" ' o !Ieat a little more and then shake again. Keep doing this until
.. all the naphthalene has melted. '

B e

A .

=
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o AL T

s .y
SRy

' RESOURCE 6 49

oy A ——— ]

. e T S AT

-

- e g, .




ACTIVITY 5. Pour part of the melted naphthalene quickly into

the well in the cork labeled A, just filling the well. Put the
' cork aside in a sate place where it won't get knocked over.
Look at the top of the liquid every few minutes or so, but don’t
move the cork. '

i e ‘e

1 : 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.

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

Now carefully compare the structure of the materials you
poured onto the flat surfaces with the materials in the corks.

- ACT IVITY 7. When the substance in each cork is completely
50 RESOURCE 6 solid, cut the cork In half with a sharp knife.

( . - ’ .
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"What differences do you observe between the substances
cooled by pouring down the glass and the substances cooled
by pounmyg them mto g well o cork?

You have just carried out a simulation experiment. Pour-
g the molten material down a cold slope is somewhat simi-
lar to what happens when lava pours out onto the land
surface. Lava, however, contains several difterent chemical
substances, and its temperature is aboug 900 [100° C, de-
pending on the. mineral composition.

“he liquid in the cork simulates molten rock that has
forced its way into cracks deep in the crust. The surrounding
rock acts as an insulator just as the cork does and prevents
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. .

Look at the substances in the corks you have cut (Figure
1). What™differences can you sce in the structure of the
material next to-the cork (at A) and in the middle (at B)?

Figure 1

»

4

ACTIVITY 8. Now get test tube C with the leftover sulfur in .
it. (i you used all the sulfur, add about half an inch more.)}
Heat very gently as you did before to produce a pale golden
liquid. Have a beaker of cold water ready. Pour the liquid
sulfur into the water.

-

—— . e

——y
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Pick the lumps of solid sulfyr 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 - RESQURCE 6 51
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’

very similar to what happens to lava It lava pouts oul under
dre sca, 10 1olls mto lumps with o glassy leokiy surface 1
it pours out onto the land 1o thin flows that cool very rapadly,
it may form a glassy substance. ,

Sulfur does not really form a elass, but the very rapid
cooling does not allow crvstals to form properly. When this
sort of thing happens to the stheate mincrals in lava, crystals
cannot form: therefore, a glass is formed instead.

Get the rock kit and select the 1gnedus rocks fromat. (You
should already have done the resource on distinguishing rock
types. If you have not,.stop here and do thg previous re-
source.) Compare the different types of igneous rock. What
differences can you sec in the colors, shapes, and sizes of
crystals? Can yuu‘ predict whether cach rock is from an intru-
sion or from a flow?

A simulation experiment is often a usctul device for help-
ing to develop models of processes that are difficult to ob-
serve. (}colugists‘n 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
cruption can be examined and compared with much older
rocks. ‘

¥ "The -Formgfti'on of
-\ Layered Sediments

FIRST ?ANK |
- GEOLOGY

.
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Whether you are at the seashore, in the mountans, or on
the plams, you are hkely to find rock outcrops ke those .

shown in Figure 1. The outcrops all have one striking teature
i common. Take a careful look at Figures 2 and 3, too, and _
s - - . . . .
2o sce if you can identify the feature that all thyge photographs : i
. _ have in common. It s a feature that probaly came about . '
m roughly the same way each time. ! ‘ |
. o
AT RGBT T A (W ) g T TN T
RNV Y ._.I_ v - - K o~ - B
- L. ~ e XA it fi 2 N
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N\ gently
\ \ X /‘h‘ere-'
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partner wiil nceed the tollowmy materals: ® -
4 test tubes, with b plastic teaspoon
stoppets .
2 baby-food jars I bottle of calaum :
chlonde powder .
50 ml walter | bottle sodium carbonate !
Vo opowdey
3 tsp crushed 2 droppers
& chalk (white)
T} tsp crushed _ Dropping bottle of HCI J
© chalk @olored) -
} tsp sand 1 watch glass or other
piece of glass ,
o § tsp silt . :
I tsp sand‘-silt mixture I tilter-paper disk

I

. . -
. : X i A
. Y
. . b2

To ty to et some dues about the fonaien of thes Tea
ture, you can do some simple experments. You and your

A e it T e o

ACTIVITY 1. Fill a test tube about’ half full of water and add
about -} teaspoon calcium chloride. Cap the test tube and
shake It to dissolve the calclum chloride. f

-

ACTIVITY 2. Stand the test tube in a baby-food jar on the .
taele. Remove the stopper and let the water settle. Now takd
% teaspoon sand, hold it over the bottle, and tap gently so
that the sand gralh's fall slowly Into the water in the test tube.

Keep tapping until all the sand has gone... ;




ACTIVITY 3. Using the same test tube, caretully add ; tea-
spoon crushed colored chalk in the same way. Do not disturb
the test tube while you are doing it, and let it stand for a tew
minutes afterward.

> Cototed
chalk

. Repeat the process once more, using the white chalk

Allow 1t to settle tor aboutstwo mmutes and then add the

silt in the same way. Now look mto the test tube through .
the side, without disturbing 1t. What do-you see?

- ACTIVITY 4. Put about an inch of water into a clean test tube,
- and add : teaspoon sodium carbonate. Stopper and shake
it untll everything dissolves. Take up the solution into a drop-
per. Slowly add the solution, a couple of drops at a time, into
- . the test tube to which you added sand, chalk, and silt. Ob-

: serve what is happening. When you have used all the sodium
carbonate solution, let the test tube stand for several minutes. .

&J

Sand, chalk,
and silt

"/ and sodlum -
= carbonats

Could this process—particles settling in water—form lay-
. ers like those in the photographs? What evidence would you
X § need about the rocks in the photographs to cenfirm thil this - . _
= process caused the layers to form? R - ot
| § In the experiment just completed, you sekected different '
Y ' ds of particles, and you used a chemical reaction to-pro- -
uce another kind of particle. Let’s take a closér look at the

4

. chemically formed particles. RESOURCE7 55




Sodium : T._' ,‘ BN ACTIVITY 5. Put about an inch of water mto a third clean test
carbonate __ (" gl tube. Add about a l teaspoon calcium chloride. Stopper the
tube and shake it until everything dissolves. Make up a solu-
tion of sodium carbonate as you did for Activity 4. Add this
solution to the calcium chloride solution.
ACTIVITY 6. Now filter the mixture you have made into a

/__ Calclum baby-food jar.
chloride

ACTIVITY 7. Scrape the particles oft the filter paper onto a
small watch glass or other piece of glags. That which remains
on the glass is the residue. . '

3 4% s
R
Vo)
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ACTIVI1Y 8. Using a clean diopper, add one-drop of hydio-
chloric acid to the residue.

What happened when you added hydrochloric acid to the
particles? You will find that some of the rock specimens
the rock kit will also react in a similar @y with hydrochloric
acid. These rocks arc called fimestones and contain calcium
carbonate, the same chemical contained in the particles that ' .
*settled out of the solution in Activity 4. Some hmestones are - |
thought to have been formed by the settling-out of calcium ‘
carbonate 1 layggs

Get the ro :
hyd roc,hlon(, g

._gixj%ind out which specimens react with

ACTIVITY 9. Take 'ybu’r fourth clean test tube and fill it about
three-fourths jull "of wyater. Pour about 1 teaspoon of the
sand-slit mixture into the test tube. Stopper the test tube and
shake it vigorously for a few second®. Put the test tube Into
the jar and let the contents settle. Carefully observe what is
happening. .

- What d& you~notive. about the rat “of settling of the
different-sized particles?

These 51mple experiments and the evxdcncc in the rock
specimens give a few clues that layers might be formed from
particles settling out from water, but how are these laycrs
changed into rdck? -

You can get some more clues by doing the following re-
source, “How Sediments Harden into Rock.” RESOURCE 7 &7
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8 How Sediments
Harden into Rock

Sedmments are deposited in the form of lavers of partcles.
‘The particles in most layered rock have properties that show
they were once sediments deposited in water. But how do
such sediments become hardened into rock?

Since the water in rivers and in the oceans contatns many
dissolved minerals, perhaps these mingrals have an effect on
depositedsgdiments. To study how dlssolved minerals can
affect sedmments, you can try the following cxpcnmcnt Go
to the supply area’and get the following items:

3 paper cups

1 teaspoon

Fine sand

Ferrous sulfate (g soluble compound of iron)

Ferrous ammonium sulfate (a soluble compound of iron)
Scissors

ACTIVITY 1. Get a paper éup and cut It off to 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 the FeSO, dissolves completely.

ACTIVITY 2. Now sprinkie fine sand into the water. Keep ,
adding until wet sand almost tills the dish. Shake the dish
to level the sediment and then set it aside in @ warm_fate
place until your next class.

'

i .



lulu at the (\lullll\\lll Dt tus biee e terrons arn
monm sulfate as the substance o be disolved.

- Also setup a third experment, usimg only watet and sand,
without any dissolved minceral.

[ .11. What 1s the purpose of this third experungnt?
~

Smcee it will take at least a day for the sand to dry out,
you might go on to the next resource, “Sedimentary Rocks,”
if you still have class time left. When the sand has completely
dricd out, remove it from the paper cup, and compare the
results of the three experiments,

!

(J2. What do you notice?

In this experiment, the presence of a dissolved iron com-
pound in water causes a cementing and hardenimg action on
the sand particles as the deposit dries out. You may even
have found that your deposit changed to a yellowish color.

Iron compounds have been identified as the cementing
agent in many sedimentary rocks, and the yellowish or red-
dish color of many sandstones is dué to the presence of such
compounds in the cementing material.

This experimént suggests at least one way that deposited
particles might harden. Natural waters contain many dis-
solved materials that could act in a way similar to that of
the materials you tried..

9 Sedimentary Rocks

Get the rock sample kit and pick out the sedimentary rocks.
(If ymf have trouble doing this, see Resource 5.) Your task
in this resource will be to identify each sedimentary rock
as sandstone, shale, or limestone. ‘
Sandstone, as-its name 1mp11es is composed of sand graing
cemented togethér. Shale is hardened clay or mud. It often
“ has a “muddy” odor when it is moistened. Limesione is
composed of calcium carbonate, the same chemical con-
tained in sea shells. Limestone fizzes vigorously when a drop
of HCl 1s applled to it. o | .
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Here are some tests that you may ind helptol o classibying,

the rocks.

1. Look closely at cach 1ock with a hand lens.
a. What 1s the averape size of the grams?
b. What ts the shape of the grams  rounded, angular,
or clongated?
c. Whatss the color of the gramy?
2. Study the material that holds the grams together. :
" a. Is it fine-grained or crystalline? /
b. If it is crystalline, what is the size of the individual
crystals? '
3. What happens when you put a drop of dilute HCl
(hydrochloric acid) on each rock?
4. Breathe on cach roch. ‘Try to identify ahy odors that
result. ‘

The results of the above tests should give you cenough
information to identify the rocks,

After careful thought and experimentation, geologists have
cqneluded that rocks like sandstone, shale, and limestone
were formed in lakes and scas. The theory is that the sand
and clay that were deposited in seas and lakes became ce-
mented into sandstone and.shale. Limestone is thought to
be fused calcium carbonate that was once dissolved in sca-
water (calcium carbonate is part of the “salt” of the scas).

Sedimentary rocks arc generally found m layers. Iff you

would like to know why, sce Resource 7, in this cluster.

10 Metamorphic Rocks—
A Field Trip in
the Classroom :

Metamorphic rocks are rocks that have bccn Lhdnbtd in form
because of increases in temperature and pressure. Any rock
may be subjectcd to mctamorphxsm In this resource you are
going to imagine that you are going on a field trip in an
area where metamorphic rocks are found. After collecting

(s
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“recorded the sample numbers on the map at each of the eight

~of these four at another station.

LY

the 1ocks vou will return to the laboratory as would a peolo
eist. 1o study and exannne the tocks vou colleaed o do
this resource, you will need the following:

I hand lens

I metal tile

I 1och kit contammy,
samples 05, 16, 18, 20

Prece of fine sandpaper

Pan of clean sand

I peologic map of a
metamorphie area
1 prece of cedlulose
acetate film
1 bottle of acetone or
nail polish remover

ACTIVITY 1. For each of the geology stops listed below,
imagine you are in the field collecting samples of rocks. Using
the directlons at each stop, locate that spot on the map and
record on the map the identification number of the rock sam-
ple. Use the map In your Record Book.

Stop #1 At the north end of unimproved dirt road about
1 mile from west end of lggy Road. Specimen
!{{agmcm 16 collected here.
Stop #2 luterseetion of Iggy Road and ISCS Highway 21.
Sample 18 collected here.
Stop #3 Intersection of ISCS Highway 21 and Last Street.
Sample very similar to I8 collected here.
Stop #4 Intersection of East Street and an unifhproved
" dirt road. Sasnple similar to 16 collected here. -
Stop #5 Intersection East Street and Iggy Road. Sample -
120 located here. L
Stop #6 Edge of map and East Strect. Sample 05 collected

here. -
Stop #7 Intersection of Lake Street and Lake Creek. Sam-
- ple similar to 20 found here. ’
Stop #8 Intersection of Lake Stre¢t and the light-duty . . .
road. Sample. similar to specimen 05 collected b
here.

When you have finished thg field trip, make sure you have

stops. Although you made eight stops, you should only have

four rock samples, since you collected a similar rock for each
' RESOURCE 10" 61
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ACTHIVITY 2. Draw a hine from the upper left comer of the map
X » to the lower right corner of the map and then place each rock
sample at any one of the stations from which it was collected.
[ i1 18 you stait from Ilu\{mu'l feft haand corner and move
along the hne o the lower tight, what magor differences
among, the tocks do you notet
1t you exanume the rochs i the upper left part of the map
: you will note that they are sedimentary, and as you move
: toward the lower right they grade into metamorphic rochs.
You should have noted that as you move toward the lower
. right the rocks become more lavered or banded, and the :
! Figure 1 minerals 1n the rochs become larger.
| .
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Fet's exanne cach of these tochks more dlosedy Greolopists
sometimes study rocks by making an acetate peel of the rock.
Pick up rock 05 and exanmme 1t carefully, lookimg for a flat,
polished surface. If your rock does not have a polished sur-
face, then you will have to polish it by followmg the mstruc
tions 1 Activity 3. 1t 1t 15 polished, start with Acuvity 4.

ACTIVITY 3. Hold the rock in your hand so that the surface
to be polished faces outward. Lay a steet file flat on the desk
and grind the surface of the rock on theg:le 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. T, '

Sand, 2" deep

RESOURCE 10 63




RESOURCE 10

ACTIVITY, 5. 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 hangl and pend
downward into a U shape. Apply to the 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 first rock is drying, repeat Activities 3 through
5 for the other rocks.

ACTIVITY 6. After 15 minutes, carefully lift the peel offt by
grasping one corner with your finger and gently IlnlnqﬁI he °
£

acetate should peel off.
’ .

When you have made four peels, examine them carcfully
with a hand lens, Using the peels, answer the following
questions.

(2. What differences do you note in the size of the minerals
in each rock?

[]3. What differences do you note in the arrangement of
the minerals in cach rock?

You have already learned that metamorphic rocks origi-

nate when rocks are changed by conditions of high tempera-
ture and pressure. Let’s assume that the original rock for the-
i
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noy!

three mectamorphic rocks e this activity was the sedmmentany

toch you collected m the upper ettt egaons of the map. s

rock 1s called shale, which 1s made of very fine parucles of

sittand clay. You should have noted from the peels that the
grain size of the nunerals of the rock increased as vou moved
toward the southeast regions of your map. Also the appear-
ance of a layer pr bands became more pronounced as you
moved toward the southeast.
-

[ ]4. What part of the map do you think was xuhﬁ'ctcd o
highest temperatures and pressures?

-

~  The type of metamorphism you are studying here 1y called

regional metamorphism. The reason for this is that meta-
morphic rocks generally occupy large arcas on the carth.
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 eroded away. 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 occurred in the southeast
region of the map. .

As you will learn later in this unit, greater masses of hot
rocks buried deep in the crust, known as igncous intrusions,
might provide the high temperatures necessary to metamor-
phose rocks.

11 identifying

™\ Rock-forming .

. Minerals

There are more than 2,000 different minerals on the carth,
yet the ones that are useful in the study of rocks can be
reduced to about a dozen. In this resource you will use a
simplified classification system to help you ident%incral

specimens.
Obtain from the supply area a k%ﬂmincrals, a glass plate,
a knife, and a hand lens. '

L “
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ACTIVITY 1. Pick up mmncral sample 29 (biotite mica) and
carefully try to peel a layer off the top. Place a knife between
the layers and lift. This peeling or separation along a smooth
surface is called cleavage.

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

Lift slightly, fresh
then turn down sudﬁe B

Minegals can have several cleavage surtaces. The nuncral
you are now holding has one cleavage surface.

Examine the drawings in Figure 1. Cleavage surfaces are
shown for samples having one, two, and three directions.

Figure 1
T - ‘«\
- \\\\ _ / "
— v e a. Cleavage in\.c;ﬁé“c‘i-irection I

b. Cleavage in two

directions at right angles ’

c. Cleava&'in two diractions
not at right angles

m\\/"”
.
d. Cleavage in three . )
directions at right angles ' e. Cleavage in three
+ directions not at right angles




¥

-

Remember that cleavage faces will flash when you rotate
i - . .
them 1n good light; other switaces wall not.

. ACTIVITY 3. Pick up mineral sample 23 (microcline teldspar).
' Hold the sample in good light and rotate, looking for flashes.
You should be able to identify two cleavage directions, at
about 90° to each other. :

’

ks

ACTIVITY 4. Lay the glass plate on the table. Holding mineral
sample 23 (feldspar) in your hand, try to scratch the glass with
the sample. To determine if you have scratched the glass, rub
your moistened finger across the mark. if the mark comes
off, then you have not scratched the glass. If the mark re-
mains, look tlosely at it with a hand lens.

If 'you can scratch the glass with the mineral, then we
*  conclude that the mineral is harder than glass. If you canndt
scratch the glass, then the mineral is softer than glass.

. (J1. Is the mineral sample 23 harder, or softer, than glass‘?

You should have determined that mineral sample 23 is

_ harder than-glass. . _
S , Using the same mineral you tested in Activity 4, determine
' its luster. To do this, examine Figure 2, which shows two
- 3 photos of minerals having either a metallic luster (look like ’ '
a metal) .or a nonmetallic luster (look glassy, greasy, waxy,’ ‘ '
pearly). " ) , “\ . % :
_l:lz. What kind of luster does mineral sample 23 have? RESOURCE 11 67
‘ - ' . . _
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To identity a mineral, you will need to determine its luster’
(metallic or nonmetallic), i 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
classifiéation chart on this page and the next page.

Identify each of the samples.in the mineral identification
key by following thé procedure above.

Minc_ral Classification Chart '.\
- _

Special Properues

—

Name

.

2 directions of cleavape; pmnk,
white . ’ <

Microcline
feldspar

Cleavage

2-directions of cleavage: white,
blue-gray, stnations (lines) on

-

Plagioclase

feldspar

some cleavage planes .

2]

Red, brown, or yellow Garnet

t

Olivine greentqgommonly in Olivine
small glassy grains :

"Harder then glass’

No cleavage

Pransparent, mitky-white T Quartz

T
- Brown t6 black; perfect Biotite
cle‘vage producing thin elastic mica
."sheets ‘

_Nonmetéllic luster . - .

&

—

-

3::leavage directions—surfaces Calcite
*look Rke this //; colorless,
white; effersces ingHCl

Cleavage

——
»

£y
£

Softer than glass

. ) i . R | Perfect cleavage, producing, | Muscovite
" . . . o thin elastic sheets - tica

~-+.'68 ~ RESOURGE 11
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;Dark-grcen to black; 2 cleavage | Hornblende
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12° How Rocks Change
. from One Kind to
Another .

7

The earth’s crust is in constant change. Whether you ckamine
rock in the méuntains, the midlands, or the shorelands. you
see the same cycle of charige. Figure 1, on the following
page, is a simplified diagram of the rock eycle. With it, you
should be able to predict how one kind of rock can change
into another kind. e : -
. As a starting point for making predictionts from the dia-
gram, consider the molten rock coming from a volcano. This
lava was pushed upward and exposed to weatlrering. Any
rocks exposed to wind, water, and changing temperature will
be brokgn-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 buried sediments become hardened t5 form

:

o
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Figure 1

sedimentary rock. With added pressure anddheat, the sedi-
mentary rock may change to metamorphic rock. The meta-
morphic rock can melt and be pushed into or onto overlying
sediments as igncous rock. This'completes the cycle for this
case, since this rock has gone through a whole cycle from
igneous rock to igneous rock. ‘

- .
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CLUSTERB 13 Making a Volcano .

CXGilon Do thes resource only afier

(Resources 13-16) :
: obtaining vour (cacher’s permission! .

)

During a vmcanic eruption,' molten rock and gases come to
the surfagg of the earth. In some cases the eruption is very
violent, sending 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




volcano to study its behavior when 1t crupts. Obtam the
following, nuiterils from the .suppl_\' area

I copper cone

1 muasontte board, 107 > 107

2 suip magnestum ribbon, 247 long,

I pair tweezers
30 ¢cc ammounum dichromate, (NH)L,C1,0,
4 bricks -
Woaoden matches

ACTIVITY 1. With your partner, set up the apparatus as shown
in the dlagram and fill the cone to the top with the ammonium
dichromate. Do not pack down. Using tweezers, insert un-
lighted 2 ; " plece of magnesium ribbon into cone, leaving
1" exposed above the dichromate.

Cone

~ "\ ___ Masonite

Brick
support

| \

Caution Keep vour fuce and hair away from the cone. Avoid
rouching the powder. . .

N

. : l‘;

a8 . © e . .
ACTIVITY 2. in a_dimly lightdd room, ignite a match and
carefully bring the match up to the ribbon and ignite it. Do
not touch match to the dichromate. When ribbon ignites,
stand back and observe what happens.

©

Magnesium

ribbon




Without disturbimg the powder on the masonite board,
refill the cone with ammonum dichromate, and mseit a fresh
prece of magnesium nbbon. Repeat Actvity 2

ACTIVITY 3. At eye level with the masonite board, sketch a
diagram in your Record Book, showing what the volcano
looks like from right to left. As an ald, imagine walking from
points A to B across the volcano. '

(1. Does your sketch resemble any of the Mono craters you
saw on page 38?7 '

[J2. How do you betieve Mono craters were formed?

14 Layered lgneous
Rock

L]

4

When molten rock flows out onto the carth's surface through
cracks in the carth’s crust, it forms a layer of lava that cools
to a fime-grained cry»tallmc rock. What happens to the
molten rock trapped in the cracks? - :

Look at Figure 1, which shows a rock outcroppmg in 4
cliff. in Glacier National PAfrk Montana. Notice the layers
in this outcrop ‘also seen in; ;many other rock outcrops illus-
trated 'in this book.
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The dark layer ncar the top of the photograph‘is a different.
kind of rock from the rocks above and below it. It.is a very
hard, medium-grained cgystalline rock containing several
different minerals. The ¢Fystals in the middle of the layer

are slightlyy larger in size than ‘those near the top or the
bottom of ﬁle layer. ' R ' '

If yau have done the resource on 'identifying the main
classes of rocks, you will recognize these properties as be-
Jonging to igneous rock —a fock layer formed by the.cqoling -

~ /“'of molten rock. The rocks above and.below the dark layer

are sedimentary. Gareful examination of the boundary with
the dark rock shqws a narrow bi\;d/dfmed,' light-colored , *
rock much harder than the rest of the sediment. .
+ The dark layer of igneous rock is called a sifl. It is thought
. to havg been formed from the gooling of molten rock that
" forced its way through a_crack f
nesd much later than the sediments above-and below it. (See
Figure -2.) o
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
lava flow with thegsediments deposited above it later of
v : - - o O
Lo, e T > TO%
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ormed at the zone of weak- .

. ’ .
, . O

-

-

<

- ResqE e T3
o . .




Moltan
“1ock 4

: Figure 2 AT e

1 . :
. h whether its a sill that mtruded between lavers of sediment.
oo It you look closely at the top and bottom of the 1igncous layer,
o however, whally you can deade fairly casily. Can you guess
how? Remember that a sill ts pushed into rocks and that
a lava flow 1s poured out onto the surface.

The answer is fairly simple. A sill bentg very hot when
it wits squeezed between layers, swould change the rocks both
above and below it The heat would change (metamorphose)
the sedimentary rocks on cither side. Hnwwu, when a lava
flow forms, there s only rock beneath 1t as 1t pours out onto

T
R - S i o ol

AN

! the Surtace. Therefore, only the lower boundary of the layer

L will be mudmurphmuf By the time a rock layer is deposited
| ~ on top of the igneous layer, it would be cold. :
o D ’ ' ’ |

0 .. 15 Molten Rock ‘.'
| Beneath the Crust

=
-
)

& ' ' What happens when molten rock cools within the carth's
. o , crust? That's what you.will discover as you do this resource,
; R T ' You will make a clay model to repressnt several igneous rock
- ' features that form wiren molten rock u)ol\ while still within
H ) : the crust of the carth.

' Figure 1 shows a slab of 1gneous rml\ (a dlkc) that cuts
across layers of sedimentary rock. Which was formed first,
‘ / ) the igneous rock or'the’ sedimentiry rock? '

| Fi&rc 2 shows Moro Rock, a dome-shaped mound of,
1 - .. ' solid granite. You might think® this mountain of igncous rock
was volcanic, but it has none of the f@tures associated with
volcanoes. The large crystals of which it is made-are evidence

L]
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that it cooled very slowly—perhaps while buried in the crust. -

If so, how do dome¢ mountains like this become strface
features? :

The. following activities with modeling clay will help you
understand tl\ie-%hcvories that have been fcvclipcd to cfpgajn
these features. You will need a knife and three lumps of clay,
each of a different color. - -

6 e

ACTIVITY 1. Cut two strips of modeling clay of ‘one color, 6
.cm X 6.cm x 1 cy, and two strips the same size of another
_color. Make them into a block. (alternating the colors as

shown) to represent sedimentary beds In the earth's crust.

. . Y ‘e
R
Py

L

Tatt.
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Clay
repraesenting
molten rock

76  RESOURCE 15

ACTIVITY 2. Scoop out a dome-shaped hole In the bottom
of the block so that you remove clay from the bottom two
layers, but not the top two layers. Imagine that the rock has
melted. Pack a difterent-colored clay (to represent molten
rock) into the hole. Fill the hole completely.

BOTTOM VIEW

ACTIVITY 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
should be a diagonal cut, intersecting the first one as shown.

Diagonal
cut

Vertical
cut

Uplifted

block
Cut stops at

e '\op of dome.

ACTIVITYf' 4. Take some more of the colored clay you use&
to represent the molten rock and tlatten it into thin shee
about 2 mm thick. Open up the two top cuts you have matie
and push a thin plece into each one, joining them with ﬁe
dome piece. Separate the second and thiid layers of ffie
block and sllp in a sheet on top of the second layer. It will
connect with both top tuts and the dome.

.. .‘u}; o
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ACTIVITY 5. Now cut your block In half along the line AB all
the way to the bottom of the block.

o8 (0 ey
a9 d y

vies 1y,

Look closely at the block’s inner face. You have a maodel
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.

Diagonal
dike

Vertical
dike

Dome of
molten rock

Figure 3
Now imagine that the molten rock has cooled and that
steady crosion keeps removing the sediments, the dikes, and

K the sill.

Dome

Bottom
layer
" 5

ACTIVITY 6. Take one‘ralf of the cut block and carefully
- femove all three top layers, the sills, and the dikes until you
are left with the bottom layer and the dome. :
: ‘ Q0

. 1
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y ! /(hl;', mass of molten rock Tike that oo dome would have
i cooled very slowlv Tt would have much Lirper crvstals than
. the dikes or sill. Bemp such a b mass of hind igneous rock,
. : | it would be resistant to croston
1
&
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g 16 Cone-shaped
1| ‘ .
I Mountains and
il L Flow
! ava Flow
i
i ?
" ' In the western part of the United States, you cantind cone-
A shaped mountains, some of them with craters in the top. The
v cinder cone (Figure 1) at Lassen Volcanic National Park,
- ' . California. is typical. The rock in these mountains is igneous,
! meaning ‘that it has cooled from molten rock, which may . “{
be alternately layered wath ash. . ' ’%;’:;,
<
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The shape and the tock type are evidenee that these cone:
shaped mountams were once voledanoes, but not all Lva tlows
form cones The Columbia plateaw i the northwest Unted
States s covered by layers of ipneous rockhe over an area of

500,000 square kilometers, as shown i Figure 2.

Washington

Callfornia

Figure 2
Although there are several cone-shaped mountains in this
region, the lava coming from them could net have covered

sucha vast arca. Instead, most of the lava is believed to have

poinrcd out of long cracks, called fissures, in the carth’s crust.
The cooled lava that poured Out of these fissure vuleannu
Is a hard? fine-grained igncous rock. It has propertics stmilar
To those of the volumu rock that is still being formed-by

the Kilauca and §launa Loasvoleanoes in Hawaii.
'  J

]

17  Wedge-shaped

"'Mountains and
Uplift by FaUIEi'ng
High in the Rod\y Mounlams several thousand meters

above sea level, are layered sedimentary rocks: Whay does
evidence like this show?. One explanation is that the crust

4
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of the carth must have been pushed upward over a vast
penod of peologic time.

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

ACTIVITY 1. From each colerey piece of ciay, cu‘t two thin
strips, each about 10 cm long, 3%cm wide, and 1 ¢ 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.

o
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pphpaas
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ACTIVITY 4. After cutting, press the two pleces together agaln
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 until
the cu surtaces begin to slide apart.

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

14

" Figure 1

-~ ~

I you were " careful in followmg dxrecuogs, your block

should now look like the sketch in Figure |. Compare your

_ clay model with Flgure 2 Can you xdenng‘y the fault line

* in this picture? v

.. Two conditions are necessary for thls theory to explam

' mountains like those in Figure 2. There must be a zone of

+ weakness in the rocks, and there must be a $trong downward
~ force some dxstance away to cause a tlltmg of the block.

-

&

/" .
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Figure 2

Figure 3 shows a profile of the Sierra Nevada in California
« to indicate how faults cause mountain uplift there.

-

Weight of sediments
pushes down.

Thick deposits = T SEE S Gkt 3
of sediments h 7 . e

In this model of mountain uplift, the great Weight of the
. sediments on the /ocean floor pushed downward, causing
RESOURCE 17 . slippage along the fault. ¢
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18 Uplift of Mountains
Due to Folding

One theory to explain how the crust s pushed up to-form
‘mountains 1 based on the continental drift maodel for the
. earth’s crust. According to this model, the collision ot crustal
) plates causes pressure that results in a folding of the crust,
To make a model that explains layered and folded features
of the crust, you will need two colors of modeling clay.

.
>

~ ACTIVITY 1. Flatten or cut the clay into'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, protecting ‘he wall with a piece of paper. Using a
block of wood at the opposite end and, steadying it with one
hand, push the clay block hard and steadily.

Look carefully at the sxde of the clay block. The layers
represent beds of sedxmcnts The dips represent vallcys,and
the humps mountams




RESOURCE 18

Figure 1

When you look at the earth, you cannot always see the
folding this clearly because a side view is not always exposed.
But sometimes there is uthcr evidence of tolding. :

'i
ACTIVITY 4. Siice off the top one fourth of your clay block.
Then look down at the top of it.

-

. -~

This ncwly revealed.surface represents a section of country
where erosion has removed the top part of the folding. As
you can gce in hburc 2, removing the top section of the crust

shows the strips or bands formed by the folded layers. _\
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' ) . { Top view

You can’recognize where ‘bed 4 on your modelihg clay
block repeats igself on the top casily enough. However, when
folded rock is expl)sed in several places miles apart on the
surface of the earth, the job is not casy. A geologist. has to
identify the properties of the rocks. He must look at the way
they dip into the earth and see what rocks occur rfiext to one
“dnother.

The Appalachian region ‘of the United States has many
folds. Figure 3 shows a situation very much like the one that

&5
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‘ tI he plmtugmph- i Frgure 5 shows actual folds i a railway
L'll ting at Bakersyille, North Carolina. These tolds are mucfx
smaller than ghe Cove Mountain folding, '
- ‘ L.
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19 Old and Young

. Mountains

asked you which of the two mountains
shown in Figures 1 and 2 is older. Although this is a very
complex question, itis possible to give a general answer. This
resource deals with the way to do this. ‘

The problem in determining 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,
they are being worn down from above by water, wind, and
ice. What you seq as you look at a mountain is the result

Qf both of these sets df forces.

Suppose someone

1
f\:i,,'..'




Figure 1.

If the uplift has been quite a bit greater than the wearing
away, you should expect high peaks, steep mountain sides,
deep narrow. valleys, and swiftly flowing streams (Figure 1).
You might think of such mountains as *young.” The moun-

tains shown in Figure 1 began “growing” abgut 70, million -

years ago and continue to be uplifted today.

On the other hand, 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 believed to have stopped ‘growing”
about 230 million years ago.

20 Snow to Ice

This resource deals with the process by which snow turns

into glacial ice (Figure 1).

When snowflakes age examined closely, they are ‘seen
always to be six-sided (hexagonal). Because no twa. snow-
flakes appear the same, there are millions and millions of
variations of this hexagonal form. In spite of their variety,
however, all snowflakes are quite delicate with lots of open
space. For this reason, freshly fallen snow tends to be rather
loose, light in weight, and not hard like ice. .
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Figure 1

Glactor

Ice
grains

At high elevations in the mountains, snowtall often ex-
ceeds the rate of melting. This results in peaks that remain
snow covered the yegr around. As snow accuniulation ins

© creases, there is greater and greater pressure exeried 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, v/ .
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 fornl and fuse into solid iee. In

cold climates, this change from snow to grqnular ice and,
finally, to solid ice can take up to 300 years.

i

21 The“S' e and
~Movement of
- Glaciers |

-

Measurements show clearly that 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 othet hand, the Black Rapids Glacier in Alaska

moved forward almost five kilometers during five months in
1936. What causes gluciers to retreat and advance? That's

- what this resource is about..

R
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Let’s bogin by examiming what happens at the head and
toot of a typieal glacicr. Notice that the head of the placier
in Figure 1is well up the mountam slope, where cold tem-
peratures keep snow present throughout the year. The fallen
snows gradually turn to 1ce and add to the size of the glacier.
At the same time, the foot of the glacier is being melted
because of the higher temperatures lower down the moun-
tainside. Gravity, helped by melting and refreczing of ice
where it contacts rock, causes the ice to slide downward.

_ Snow
',5 accumulation
\ (glacial ice bullding)

Meltlng ice
(glacial ice destruction)

ice is flowing slowly downhlll, but
foot of glacier stays at the same poirit.

New location
of rock

Figure 1

Often the creation of new ice at the head of a glacier
equals the raté of melting at the foot. In this case, although
ice gradually flows down the hill, the foot of the glacier
remains at about the samex point. -
But at other times, either the rate of melting or the rate
of'ice buildup increases with no change in the other. Under
. these conditions, the foot of the glacier wauld move either
-~ up or down thé mountainside ((see Figure 2). ' RESOURCE.21
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. Less accumulation
of snow

.
~
-

-

Small loss of Ice by

Large loss ot ice by
melting and evaporatlon

melting and evaporation

.
./& '“.i" B
Glacier ¥ “

Glacier Dy

N ) ~ N v
advances._ retreats. S/ el
Figure 2 S

Causes: More snowfall or a
drop in temperature
results in less melting
and evaporation.

Effect: Foot of glacier
advances down the
mountain.

Causes: Less snowfall or
higher temperature
results in more melting
and evaporation.

Effect: Foot of glacier
retreats up the

. mountain. '

" 22 Effects.of
. - Glacial Carving
| e

. . As glaciers move, they grind, carve, and pluck at th€ rogky
faces of mountains. This actién produces many of the
troughs, bowls, ridges, and sheer cliffs that compose some
of the world’s. most beaytiful 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 produtes. - »
As_glaciers move down a mountainside, they })ften pull
rocks away from the area in which they began, Ovér 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 a wall many hundreds
- N of Aneters high and a bow! equally deep. ‘Metling of the
A R .
\ | ]
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- b, ¢ RN U IR .
RE. ' Glacial plucking often’ produces several cirques on the
ey . . . b e .

PR b same mountain. Sharp ridges and many-sided peaks called
R § horns are two results of this peacess. Figure 3 diagrams the .
L ; NN way these features are formed, and Figure 4 shows a ?ypxcal
" Q.M% example, the famous Matterhorn in Switzerland.

o + A glacier sometimes grinds at yock surfaces like a piece

B} ' -
-

lake called a tarn. Figure 1 diagrams the process by which
cirgues are formed. Figure 2 shows an actual cirque and tarn.

. . ~ . . :
glacier frequently turns the bowl of the cirque nto a small”

Figure 1 »

'B. Glacier moves down the

x. A. Snow piles up into glacier.
3 i Rocks undar snow crack.
3

¢ of steel wool or sandpaper. Look at Figures 5 and 6. You
\ﬁi Bk .« can almost see the glacier that once ‘occupied these areas

5 el - . smoothing and po'lishing the rock surfaces shown.
‘... ¢ ’i\’ ] - - » - . .

mountain carrying broken rocks.

" C. Glacier molts,
leaving a clrque.

Figure 2
v . .
~ RESOURCE 22
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Perhaps the most important ellect produced by maoving
glaciers-is shown in Figure 7. This Usshaped valley is quite
typical of the trough carved by glacigs. It standy in sharp
vontiast to the V-shaped canyons and gullies that are cut by
moving water. (Fh&néxt resource deals with the reasons for
this difference.) )

. . - .

Figure 8 shows a numbér of the glacial features you've
studied, all lacated in a_relatively small area. How many
additional glacial features can you find? What other agents
begides glaciers havet affected and are affecting ‘this lard-
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23 .How Glaciers Form'
U-shaped Valleys
and Hanging Valleys |

One of the most prominent features of many glacial land-
scapes is the huge valleys. These valleys stand in sharp con-
trast to the valleys carved by rivers. Compare the shape of
dhe. typical river valley in Figure 1 with the shape of the
typical old glacial valley in Figure 2:Figure 3 on page 96° '
* is a diagrammatic sketch of these two kinds of valleys.
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Figure 1

Figure 2 '
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A river valley is V-shaped

Rock load at
bottom of cut

Figure 3

Figure 4

Short, sharp curve Rock load Long, smooth curve
causes erosion.

4 .
r

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 saw cut, it grinds a wide, U-shaped path,
which can only bend in long, smooth curves.
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It you have access o a refrigerator, {recze a tray of we
with pebbles and stones in it. Then try pushing the ice
through the sand-silt mixture in a styeam table to compare
it with stream action.

In"Figure 4, you can sce the wide masses of ice forming
the big South Sawyer Glacier in Alaska and two tributary
glaciers feeding into it. Imagine the huge load of rock debris
this ice is dragging along the valley floor

z
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Base lavel of erogion

\

Base leve! of erosion

_Figure5 _ - ' RESOURCE 23 97’
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When o tibutary tver Hows o anothe? tver, the brase,

level of erosion is the bottom of the bipper tnver both rivers »

meet at the same valley level. When a tributan glacier meets
another glacier, the base level of cach valley depends on how
much e it carries. A small placier cuts i shatlow villey,
and a big glacier cuts a deep valley. The rock floor of a small
glacial valley can be high up the wall of the brg valley into
which it lows. [n old glaciated landscapes, these small tribu-
tary valleys can be seen as “hanging valleys.™

Figure 5 shows how the landscape illustrated in Figure 4
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,

4y o 1 i)
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There are many spectaéular hanging valleys in the United

" States. Yosemite National Park in the Sierra Nevada, Cali-

fornia, is famous for its glacial valley landscape. Figure 6

)

213




shows a typical hanging valley in Yosemute. 1t is what re-
mains from a small tributary glacier of the last tee age and
can be seen at the right, lgh above thebig U-shaped \.1llLy
that was carved by the main glacier.

SUPPORT YOUR
HANGING VALLEYS:

RESOURCE 23
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'The Mldlands,
A Pathway to the Sea - Chapter 3

-

N

The largest part of the United States does not have spectacu-
lar mountain peaks, crashing surf, or scacoast bathing

- beaches. Instead, it is covered by flat plains or gently rolling
hills, which “are cut through here and there by rivers that
sometimes lie in fairly deep valleys. It is this midland arca
(Section B), between mountains and sea, that you will study
in this chapter. :

Waterfalis 1

3 .}5 // ; \ gl , ' . i . Dome |
“ Volcanoes” > VRS moynta
4 ' : Plaln //U//k‘

1 4

Figure 3-1

Figure 3-1 contains many of the important features of the
midlands region. Features from many parts of the country
have been combined into this one diagram‘ Figure 3-2 gives
you spine idea of how much land in the United States can
be described as midlands. .o '

Before going on, take a close look.at the features shown
in Figure 3-1. By the end of your study, you should be able
to describe how th¢ midland fea?res wege formed and to

‘ predxct what the mxdlands mxght ogk like in the future,

i16
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T = Midiands in the USS.

// _ "Flgure 3-2

' "Rocks in the midiands ’

-~

Many parts of the midlands are flat'and contain rocks
buried in the earth. Often, however, these rocks are &xposed
in riverbeds jand roadcuts. Take a look at the layered rocks
exposed in/the roadcut in Figure 3-3. Layered rocks like
these aro‘Tfound almost everywhere in the midlands.

Figure 3-3
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* LJ3-1. Based on what you learned mn Chapier 2, how do you
think this layered rock was formed, and what does 1ts pres-
ence tell you about the geologic history of the area?

0

It you look back to i-’igurc 2-4 (Chapter 2). you will tind
that the major portion of the midlands 15 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. Fossil animals and plants that hived in
the sea are found in rocks throughout the Midwest. But you
wiil note on the map in Figure 2-4 that there are also 1gneous
rocks and, in scattered locations, metamorphics.

The major agent shaping the midlands is the river. 1f you
studied Volume | of ISCS, you learned about energy and
discovered that you could describe energy as either potential
or kinetic. Let’s see how a river's kinetic (thechanical) encrgy
is used to shape the midlands.

You know that when an objeu falls, it loses potential
energy. At the same time, Ry picks\up speed and gains Kinetic
energy. The water in a river that starts high in the mountains
goes thfough a similar process on its way to the sca.
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[]3-2 When does a river have high kinctic energy and when
docs it have high potential energy?

s

* :’Iﬁz"%’

Take a look at Figlf;*"e 3-4. The river at the top of De Sotor
Falls in Alabama has kinetic energy of the sort just discussed.
But it also has a great deal of potential energy because of
its height—well above the base of the falls. As the water
plunges over the falls, its kin€tic energy increases.

At the same time, its potential energy decreases. Notice
in Figure 3-5 that when the water reaches the bottom of the
falls, it crashes into the rocks and slows ‘down again.

“
-t

[13-3. Locate on a maprin Cluster A the source areas (areas « O GLUSTER Al
where rivers begin) of the rivers that provide the kinetie :
energy to erode and shape the midlands. Why do they gen- .

erally begin in these locations? - : ~ CHAPTER 3™ 103
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Figure 3-4

KINETIC ENERQGY

POTENTIAL ENERGY
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The beginnings of a river

Many rivers begin in the mountams, sometinjes from gla-
ciers such as the one in Figure 3-6. Notice the stream braid-
ing 1ts way from the glacier. Notice also the kind of material
through which the stream flows,

~
»

Rivers that begin in the mountains usually flow downhill
in a torreny. The water in them is quite clear because the

Figure 3-6

Figure 3-7




(MAKE SURE YOU KNOW)
HOW TOUSE THE
STREAM TABLE
BEFORE GOING ON

s
The stream table

In order to study the work of nivers m the classroom, 1t
will be necessary for you to use a stream table. In order to
solve many of the resource problems, you will have to set

| FURTHER/

Stream

up an artificial stream, using the table.

One of the problems in interpreting the natural landscape
is that many important variables act at the sume ume. The
stream table will allow you to control some of the important
Vvariables that are uncontrollable in nature. For example,
you'll be able to do such things as create a niver, speed o
up or slow-it down, or make it flow through types of material

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 usqd.

g

) _ Supply
’ bucket
. \ Screw ~—
: ' clamp

’ . . M . ’ . .S
Supply
hose

_ ¢ Sand-silt
mixture

Screw '
clamp -
/A
\ N
' — B_lock/ \*
\ |//7 - ~ of wood
Exit P )
hose .
Y Figure 3-8 ‘ )
! . . ‘\ 14
: . \ The stream table is a flat trough containing a sand-silt
T i ‘mixture that can be formed into various shapes. Water enters
j ‘ Gatchs || | one end of-the trough through a supply hose from an ele-
spm A ‘ pucket \LJ - =»vated bucket, flows across the sand, and leaves the other end
) : through an exit hose into a second bucket. The flow of water
R . into and out of the trough can be controlled by opening and,
CHAPTER 3 " ..,~--closing screw clamps. The slope of the trough can be changed
D

that you sclect. These possibilities can-help greatly in de-
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by moving & support such as a brick or a wouden block)

back and forth. . ’

+ Here 15 a list of the variables vour stream table will let

you control tor experiments. Set up a stream table and study PR
them.

l. Rate of flow in a stream

2. Rate of flow leaving a lake
3. Making a reservoir.

4. Slope of thestream

- A

" 1. To Control the Rate of Flow Jrom the Supply Bucket

Most of the gream-table experiments call for you to adjust
the rate of flow of water into the reservoir to a certain num-
.ber of milliliters per second. Doing this is easy. You simply
_time hoW long it takes (in seconds) for the supply hose to
“fill a 100-milliliter beaker. You can then calculate the rate
“of flow like this (the example assumes that it takes tive scc-
onds to fill the beaker):

100 ml Qvolume of water)

= > (rat ffl
5 sec (Ume) - = 20 ml/sec (rate of flow)

7]
ACTIVITY 3-1. Set up the stream tabf’e/ and pour water into
the tupﬂly bucket.. To reduce the rate of flow, tighten the
screw clamp. Opening the.clamp Increases the flow. Adjust
the clamp so that you get a rate of flow of ‘10 m!/second.
(Note: The rate of flow values given in the resources are
approximate and can be varied up or down by 2 mi/second.
Thus, any rate from 8 mi/second to 12 mi/second will do for
a /rago ot 10 mi/second.)

\ : .

. 1

When you are suré that you have a flow of approximately

10 ml per second, change the flow to S ml per second. ' {"Z° c",‘,’a?.‘;‘;";;‘,,ﬁ““
. You must keep water'in the supply bucket at all times. ~ of trough. J
.»To help you do this, an extra bucket has been.supplied. ’
.- When you see the supply bucket becoming 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. SR

Y

3

- Caution Watch-the catch bucket Don't levit-everflow! . CHAPTER 3 " 107
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2. 1o Comtrol the Flow of Water | eaving the Stream lable

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 the serew clanmip on the exit hose,
It you change the amount of water entering the stream table,
the lake level will also change unless you readjust the exit-
hose screw clamp.

ACTIVITY 3-2. With the water flowing at 5 ml/sec, adjust the
exit hose to cause a lake to form.

3. To Make a Reservoir

Some attivities call for a reservoir at the upper end of the
stream table. This is used to observe the cffect of a wide, _
thin sheet of water. In general, a shallow reservoir molded
near the top of the stream table will serve. the purpose. How-
ever, you may wish to mold a larger dam when your activities
call for a thick layer of sand anﬁ silt. Pile up the sand and
silt with your hands or use a small board. Figure 3-9 shows
where and how to do this.

. 4. To Adjust the Slope of the Table

Most resources call for you to raise the uppér end of the
stream table a certain number of centimeters above the table.
To do this, simply slip a support under the stream table.
Then move it back and forth to get the appropriate height. »

S l T
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1. Watch the Lauh bucket. You must keep your eye on THINGS TO

the catch bucket to kccp it from overtlowing. You can WATCH FOR
~ avoid the problem in some activities by pouring less .

than a full bucket of water into the supply system to *

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. .

2, Be sure that the water-supply pail is set on a box or‘
other support about 30 cm above the table.

3. Keep the supply hose and clamp auached at all times

" to control the water flow.

'4, Do not remove the sand-silt ‘mixture from the streai
table when you finish an experiment. The next person
using the table will need the same material. .

5. Th® stream table isn’t a perfect model. You will not
get exactly the same effects that a real river would
produce Remember that the particle sizes you use are
“very much out of proportion t¢ the volume of water
flowing through a real stream. -

.
«

CHAPTER 3 109
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Figure 3-10
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The tiver at wotk

Figure 3-10 shows two different views of a niver. In the
picture on the right, the water is flowing swiftly, and there
are many rapids in the stream chaknel In the picture on
the left, the river is sluggish, with no rapids, and the sur-
rounding land is very flat.

) . '
[)3-4. 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 floar, as shown in Figure
3-11. There it widens and slows down.
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For example, look at Figure 3-12, which shows two small
streams. Note the great width of the stream shown on the
left. Then compare this fast-moving stream with the one on
the right. Note the deposits that fan out on the ‘'valley floor.

[13-5. Why do dcpositsﬂ)ccur at the floor of the valley as
in Figure 3-12 (right)? List séveral variables that aftect the
deposition and explain your answer in terms of the change
of the water’s potential into kinetic energy.

A

"§peclal 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 fetitures, along with two or more
photographs or diagrams. In addition you will find a specific
statement asking you to make a prediction. Readt carefully
through the descriptions and examine the figures. Then select -
one that you would like to investigate. CH/;PTER 3 1M
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Figure 3-13

J 13-6. Write a prediction concerning one of the features and
enter it in Table 3-1 of your Record Book. Test your predic-
tion by consulting Cluster 1) of the resources. If you are
interested, go back and make predictions about the remain-

ing features.
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Figure 3-13 shows two views of Nuagara Falls in New York
state. The wp of these falls 1s a flat plam with gently rolhing
hills. Actually, the plain® fests about 175 meters (570 feet)
above sea level. The falls are more than 50 meters (167 feet)
high. Each year the falls cut back into the plain about 4
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 canyon that the falls crash into
today.

%"/ Falls
e
-k e

S e
-."{' bi 42
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Figure 3-14a Flgur?‘ 3-14b

‘ e 4

Another good example of the cuttiniyback of the brink

of a waterfall is the famous Grand Cardyon of the Yellow-

stone River in Wyoming (Figure 3-14b). In fact, several brinks

in the river are being cut back at the same time as the water

falls to one level, and then to another level, and so on. Here

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 ' .
3-14a.) . : CHAPTER 3
R \ . o ‘




Prediction |

Assuming that a diference in rock hardness s responsible
tor the location of both walterfalls, where in cach figure (3-13
and 3-14) do you predicr the layer or lavers of hard rock
are located? Make simple sketches of cach figure and label
the locations.

Figure 3-15a . . Flgwb

> Feature 2. Gullies : ~ TN

L}

Figure 3-15a is an aerial view of a flat hill (pladeau) In
South DakotaFhe dark, branchlike features are gullies. The
gullies stand out because they are lined with plants that grow
there because of the extra water.
: * .
- Prediction 2 , -

From -looking at both the picture and the drawing in
Figure 3-15, what do you predict is (1) thé direction that the
water flows in the gullies and (2) the direction that the gullies
tend to 'grow and get larger? Make a sketch and label.

[ 4

Feature 3: Meanders ,

]

One of the most common features of af river is a’bend

or a meander. Figure 3-16 shows a bend in the Listle Mis-
sourt River near Medora, North Dakota.
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Figure 3-16

"Here the kinetic energy of the stream is being used to cut
away at the bank of the stream rather than to cut down

through the. rocks.

Figure 3-17a . | : Figure 3-17b
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The Apalachicola River in northwestern Florida is another
good example of a river's doing work other than downcutting
into rocks. An aerial photograph of part of this river is shown
in Figure 3-17a. The water in the photograph flows toward
the bottom of the page.

Figure 3-18 Figﬁre 3-18 shows a Montana river meandering down a

y - gently sloping 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. ,

¢

Prediction 3
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If the black arrow in Figure 3-17 points to deposits of sand,
predictwhere other similar Jeposits 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
the arrow. What do you predict will happen to the land in

jFigurc 3-18 that the arrow is pointing at?

Other forces t_liat shape the midlands

T . Itis obvious that water has a good deal to do with shaping
\ l \} the landscape. Water is important both as a means of adding

’ ' - elsewhere. Byt other forces are also important in forming
m SION the midlands. Let’s look at some of these.
The two photqgraphs in Figure 3-19 were taken seven

D ~ . Yyears apart. Wind caused the motion of the sand dune that .
.CHAPTE.R 3_ . ‘you see. '

147 .

= land in some places and as a means of wearing away land -



[ 13-7. Based on evidence in the photograph. in what diree-
tion do you think the sand has moved? Which photograph
(lett or right) was taken first?

Conclusion

In this chapter you have been primarily concerned with
the process of crosion as it aftfects the midlands. Figure 3-20
15 the same diagram you saw on the first page of this chapter.
If you've done your work well, you should be able to describe
and interpret the features as shown. You should also be able
to muake predictions about the area and what it might look
like 1 the future.

Wateralls

Section B
MIDIXNDS

Figure 3-20

-
[

Beldrojﬁolng on, do Self-Evaluation 3 In your Record Book.’ Ct
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CLUSTER A

(Resources 24-26)
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21 River Systems Map of
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27 Varlables Affecting CLUSTER B
Rate Of Stream F|0w (Resources 27-30) .

Rivers and strcams‘can be raging, torrents or slow- -moving
trickles. In ths resource, yvou will txv to determane what
vartablbs atfect the spcui at which water flows. \nu will .bso
Sinvestipate whether or not the speed at which & tiver flows
18 the same from bank to bank. To do the experents, vou
will need a partner and this equipment:

| stream trough ~ Food colormg,

I dropper ' - Supply of gravel
I wax pencil * Modeling clay .
I water-supply system 30-cm rudey

tor the stream trough ' s
"ACTIVITY 1, With a wax pencil, mark a starting line 8 cm from
the uppei™end of the trough. Elevate the upper end of the
trough 4 cm. . .

\

ACTIVITY 2. Set up the water supply system as shown. Adjust
the water flow into the trough to 10 mi/sec. Be sure to keep
the supply bucket atleast halt full of water at all times. Do
not let the catch bucket overﬂow! .

Put clay on both -*"‘:J

_ sides of trough.

436
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- RESOURCE 27

ACTIVITY 3. Add a drop of food coloring to the water as It
flows past the starting line. Time how long it takes the dye
to reach the end of the trough. Calculate the speed in centl-
meters per second, and record your data under Trial 1 In
Table 1 of your Rocord Book.

»

L

AeS %‘ Al f-._qm—_m%%]
e WO ANL: AL i

N
Add a drop of
food coloring.

'Ta_b}e 1

Rate of Flow -
into Trough | Trough | . Spee
(in ml/sec) Bed (in cm/sec)

Trial | . _ Normal

Trial 2 - Normal

Trial 3 : . Normal

Trial 4 Normal

Trial $ ' : Gravel-
) covered

Next, you will carefully and regularly change the slope’
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 aflects
the rate of flow down the trough. -~

Set up and carry out Trials 2 through 5 as dcscnbcd in
Table 1. Measure the rate of flow down the trough for cach

trial and enter your results in theable. Notice thqt increasing -




2

the tate of flow has the effect ot imcreasme the volume of
water i the trough. Note also that Inal > calls tor you to
spread alaver of pravel along the stream bed.

It vou did caretul work, you found ghat mcereased stope,
mereased volume of water, and a smodth bed all cause the

water to flow faster down the trough. These factors mfluence

the rate of flow of water in natural streams, too. Rivers flow
faster on steep slopes, when swollen by rains or melting snow
at certain seasons of the year, or when flowing through beds
with few obstacles.

One of the questions posed at the beginning of this re-
source 1s 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 qucstion too. To do this, set
up the apparatus as described in Activities 1 and 2. Then
add a drop of food coloring and watch 1t closely as it moves
down the trough. Try to decide which shape in Figure | most
closely resembles the front edge of dre drop.

Figure 1

You probably found that the front edge of the drop looked

.most like A above. This tells you that the stream was flowing

faster én the center, and slower along the sides, of the trough.
Natural rivers and streams flow this way, too. How do you
explain this difference. in speed from bank to bank?

e S
-
.
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<« Particle-carrying
Capacity,and Rate
of Stream Flow

How big a rock can a stream canny along? Depends upon
the stream, vou MY? Sute ats pretty oby ous that fast-moving
sreams have preater hinene cuetgy and. theretore, can carry
bigger rocks. But the rate of low of streams is not con-
sant “they speed up and slow down many umes over therr
counses. What happens to the materials being carried by a
river when its rate of ow changes? That's what this resource
is all about.

.

For thcsq AClvIlics, you will need the I'ullnwing materials:

I eomplete stream-table setup
I powdered-milk solution
N dmppcr

ACTIVITY 1. Set up the stream table as shown. Use a bucket
to fill the lake until water jusg leaves the outlet hose. Adjust
the inlet water fiow to 3-5 ml/sec. .




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 silt are de-
posited by the stream.

Add a drop of
powduerad-nulk solution

I vou did yvour work well, vou should have found a rela-

lmnxhlp between the nuinber and size of sand pumlu
dropped by the stream and the changes in the sticam'’s 1 ate
of low. As the stream slows down (loses kinetie energy).
drnpx part of 1ts load: as it speeds up (gains kinetic cnergy ).
1t picks up additional material.

This guuml process works in nature as well as on the
stream table. Take a look at Figure 1. Can you predict at
which points the stream is moving slowly and at which points

1t prcks up speed?
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29" How Deep a Channel
Can a Stream Cut?

This resource will help you find out if there is any lmmit to
how deep a channel a rivercan cut. You &l need a partner
and a complete stream-table setup.

ACTIVITY 1. Arrange the sand mixture on the stream table
as shown. Be sure to glve the proper slope to the sand. Notice
that the stream table Itseif is level and that the lake level
comes up to the edge of the sand. Adjust the water flow Into
the reservoir to 5 ml/sec. Notice how deeply the stream cuts
into the sand.

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) mto which it lows, Y()L‘l can
see this more clearly by changing the slope of the sand in
your stream table. :

~Repeat Activity 1. with the reservoir end of the stream
table raised one centimeter. Notite what elfect changing the
slope has upon.how deép a chahnel is cut. Notice also that
the stream still cuts only to the level of the surface of.h.
lake. : '




Fhe prmerple that a stream cuts to the level of the body
of watcr st which at flows apphies inonatuee as well s on
the stream table. Take a dook at Figures 1 and 2. How do
you account for the difference in how deeply these two rivers
have cut? Figure 1
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30 Effects of Obstacles
upon Direction of
Stream Flow

In this rcsoukc. 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 . at Figure 1. Notice that the river is
“flowing through an arca of large rocks. As the river flows
around some of the rocks (Figure 2), it is broken up into
la scries of small streams. (This is called braiding.)

Take another look at Figure 2. Notice that the boulders
that gaused the braiding are located at the point where the
mountain begins 10 level off. These rocks were very likely
carried down from the mountain by the stream. They were
dropped where they 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 stregms.

The river in Figure 3 is braided, too. What caused the
splitting this time? <

-
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31 Alluvial Fan
-, Formation

’

Sometimes stone, gravel, and silt washing down a steep slope
Jform a fan-shaped deposit at the base of a hill. Such deposits

are called alluvial funs. Figure 1 shows several alluvial fans I ’ O
in Death Valley. ' CLUSTER C

\In this resource, you will have a chance to investigate for (Resources 31\and 32)
yourself how and why alluvial fans form. To do it, you will
need a partner and a comPlete stream-table setup.




Figure 1

ACTIVITY 1. Set up the stream table as shown. Adjust the
. rate of flow into the reservoir to 5 mli/sec. Allow the water
to flow for several minutes. Observe what happens.

Did you get an altuvial*fan to form? Once you have suc-
ceeded in getting an alluvigl/Tan to form, you are on your
own. Vary the procedure outlined in Activity 1 in any"way

A {

'RESOURCE 31 . that you like. Keep in mind that you are trying to learn the

;
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iditions present when alluvial fans form. Here are some
variables you*may want to experiment with.

. Amount of water flowing down the hill

. Looseness of the materials over which the water flows
3 Seepness of the slype the water flows over
4. Change in the water’s Yate of flow
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- Figurce 2 shows some white areas in addition to the alluvial
fans. The water that broughl down the material that formed. )
_ the fan carried dissolved materials with it as well. In a dry /
.arca like Death Valley, water evaporates very quickly, leav-
ing, the dissolved material behind. The _wh(m, material n
Figure 2 is mostly salt. :

.

‘;'Sé Delta Formation and |
Changes in Sea Level

Soil, sand, and gravel dropped at the mouths of rivers build
‘up-into fan-shaped deposits called deltas. The one at the
- mouth of the Nile grew slowly over thousands of years, but
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you can make a simutated delta in a few minutes,
Get the complete stream-table setup and a knife for shap-
imge the sand. Then do the tollowing activity.
- o .
Important Note: The stream-table activity s an attempt to
reproduce natura) conditions as closely as podible, but it is

“most important fe.remember that it is not a natural stream,

The size of parucies in relation to the size of the stream and
to the rate of flow is not the same as i nature. Neither is
" the time,

ACTIVITY 1. Set u?) 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. .

Carefully watch the buildup of the delta and note what
happens to particles of dHferent 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 (o or farther from the

shoreline? ; a _

What you have just scen in the stream table is very much
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
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. '

/




. (Text Provided by ERIC

i

There is much evidence that the level of the seas has
changed many umes in the past. If the land were to sink
a little or the sea level were to rise a little, then the position
of the shoreline cquld move some distance. For example,
Figures | and 2 show how the shoreline has moved on
Florida’s Gulf Coast. (Figure 1 is an aeria) photograph, and
Figure 2 is a diagram to help you undcrst*nd the photo-
graph.) '

Previous :
shoreline (akient) e

N Present
beach

. Figure 1

Oldysand dunes
andiprevious
sholealinesg

Prasent
shoreline

Figure 2

Old sand dunes left behind
when sea levgi dropped
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You can use the stream table 10 model the effect of the
changing sca level upan J’Gpmition of materials.

ACTIVITY 2. With the delta from the previous experiment still
in place, caretully raise the lake level as shown. Without
disturbing the delta you formed, replace the sand-silt 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.

You should sce a new delta forming on top of part of the
orlgmal one. When you see the second delta forming cledrly,
try simulating flood periods by pouring a baby -food jar of,
water quickly into the reservoir every half minute. Move the
jar as you pour to stir up the silt. After about 10 minutes,

‘stop the water flow and completely drain the stream table.

You should now have two deltas, one overlapping the
other, as shown in Figure 3.

You haveobserved that dcpos‘ition of sediment in a delta
sorts out the mze of the grains. And you should realize that

a’combination of rate of the stream flow and: deepness of
the water determines where the partidtes deposit. This déuble
delta effect—the position of one delta on top of another—
oceurs ‘y\\./hen change of sea level takes place for somg reason
(by meltmg of continental glauers for example).

: .' —
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33 - Waterfalls and
Rock Hardness .

This resource deals with the interaction of waterfalls and the

crust of the earth. You will learn how the hardness of the -

rock and its structure affect the shape of the falls.
Figure 1 shows a waterfall in Indiana that is tumbling over
a ledge of rock. Can you guess how the hardness of the rock

at the top of the waterfall differs from the hardness of the

rock at the bottom"

With your stream table, you can test thc eﬂ‘ect of relative
hardness and work out a model for the process taking place. |

“To do the activitigs that follow, you wnll need a partner and
the following materxals ; . -

1 complete stream- table setup
2 sheets of plaster, about 0.3 cm thxck by 5" cm wide by
10cm long - :

R L R R L TR R T TR R L R

Past
shorahing ™~

Pwsunt
~an-
™ shoreline

Figure 3
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- CLUSTER D
(Re_sources S53-36)
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Figure 1

1

ACTIVITY 1. Set up the stream table and sand mixture as
shown. Make a layer of sand-siit mixture about 3 cm deep.
Place two sheets of thin plaster on the layer as shown.

&

2 sheets of plaster,
one on top of the other
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“ACTIVITY 2. Now cover the plaste'f wltk a layer of sand, and
e stream will flow over the top
he water tiowing.
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ACTIVITY 3. Adjust the water flow Into the reservoir to 5
mi/sec. Let the water run down the valley until it has eroded
enough to uncover the plaster. Allow erosion toﬂ:ontlnue for
about 5 minutes after the plaster is uncovered.

The plaster represents layers of harder sediment or per-
_haps a lava flow between sediments. The sand-silt mixture
represents softer rock above and below “the harder rock.
‘When the plaster becomes exposed, what happens to the rate
-of erosion upstream and downstream from it?

. Now take a look at Figures 2, 3, and 4. These drawings
sho;v two possible effects of water flowing over falls like the
‘ 152
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one you just looked at. 1ty to decide logically, on the basis
of what you’ve scen, which set best represents what is going
on in Figure .

—au—o-—-———( —
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Figure 2 e T ey Y
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Figure 4 : 4 /

: ~ Waterfalls are common landscape features where water -
flows rapidly over a hard rock ledge. When the ledge rests
on softer rock, the water will erode the softer rock faster than
the top layer, resulting in a sharp edge to the falls as shown
in Figure 2. Notice the pothole (deep pool) forming at the

~ -base of the falls and the flat chunks of rock that have broken
RESOUHCE 33  off into it. :
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In Figuie 3. the rock bencath the top lavers s harder than
that in the stream bed. The top layers, therefore, erode more
quickly, making the edge more rounded. Notice that no
pothole is formed.

In Figure 4. all the rock is made of one type of hard
material, and the falls cut back slowly. No pothole is tormed,
and the shape of the falls changes very litde as the river
crodes away the rock.

If you've done the resource on distinguishing rock types,
you may be able to guess which rock types are shown and
discussed above. Which Yo you think is igneous, meta-
morphic, and sedimentary? '

34 Gullying and Erosion
of a P,Ia_teau

In this resource, you will study what happeng when water,
runs off a tlat-topped hill. To do the activitics, yQu will need
a complete stream-table sctup and the help of a'partner.

-

L4

ACTIVITY 1. Set up your apparatus as shown. Be sure that
the flat-topped hill of sand is at least 5 cm high. '
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ACTIVITY 2. Adjust the rate of water flow to less than 3
mli/sec. Move the hose back and forth as the water falls on

- the hill. Notice what happens to the sand as the water runs

oft the hiil. Try to decide why guilles begin to form and how
they become longer.

Move the hose
back and forth,

Figure 1

RESOURCE 34

,Figure/ I shows the effects of water running off a hill of
fairly loose ‘material. At‘one time, the area probably con-
tained only a single gully. As water flowed into the main

\LS . ) .
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- gully from the sides, the branchcs you see 1 the phowgraph
formed.

Notiwe also that waterfalls have been formed ag the tops
. of some of the gyllies. Dupng rainstorms, the water that
pours over these falls gradually erodes away the Yip of the
gully. In this way, gulhcs become longer and longer. This
process is known as heuadward erosion.

What's the difference between a gully and a canyon'? will
the area in Figure 1 ever be a canyon? If you would like
to know more about this, do the next resource,

P2

A

L

35 Gullies and Canyons—
A C_ompari‘son

Look at Figures 1 and 2. Although the small gully in Figure
2 doesn’t look much like the Grand Canyon shown in Figure
1, there 1s a lot of similarity in the way they were formed.
This resource will help you understand the differences be-
tween gullies and canyons.

Figure 1
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Characteristics of Canyons

I. 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 little

- water runs into the canyon

from the sides.

3. The stream doing the

oy . .
. ~cawving of canyons usually

originates in a much
higher area.

4. Because the stream
comes from a higher source,
it moves through a canyon
very rapidly.

5. The fast-moving stream
in a canyon carries a large
load of rocks. These rocks
help to cause further
erosion. '

Characteristics of Gullies
) ‘

,J(‘ Loose matenals from
the sides of gullies wash
castly mto the stream at
the base of a gully.

2. Ramtfall is common
‘where gullies form.

3. Runofi’ 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
1s steepest.

L J
5. The load carried by the.
streams in gullies sonie-
times moves rapidly, but
the particles are usually
rather small.

Taken as a whole, the characteristics of canyons tend to
result in steep, almost vertical walls, while those of gullies
produce gentle slopes. This is the most important difference
between gullies and canyons. - : .
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36 Action of Water

Moving in a
Curved Path

Most of the other resources deal with water flowing in a
straight line. In nature, however, most rivers move through
quite a number of curves. Does anything special happen to
water that moves in a curved path? If so, does this produce
‘any important effects at points like river bends? These are
questions you will tackle in this resource. To answer them,
you and a partner need these materials:

1 complete stream-table setup *

1 paper disk, 6 ¢cm in diameter
1 teaspoon white sand
| beaker

First, get some water moving in a curved path and look at
it '
. o : ¢

ACTIVITY 1. Place 1 teaspoon sand In a beaker three-fourths
tull of water. Stir the water until it swirls around in the.beaker.
Observe what happens to the sand.

- ‘u
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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.

N
ACTIVITY 2. Mark the paper disk as shown. Push a“‘pencil
through the center of the disk and, holding the pencli between
your palms, spin the disk slowly. Notice which letter moves
fastest.

The water moving 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.

The slower water moves, the more likely it is to drop
whatever load it is carrying. This fact is very important as
water moves in a curved path. The next activity will allow
you to learn still more about this.

)
-

ACTIVITY 3. Arrange the 3and.on the stream table as shown.
Be sure that the sand Is wet, plled deeply enough, and con-
toured according to the gketch.

144 - RESOURCE 36
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ACTIVITY 4. Trace a path with your finger as shown. The path
should be cut almost to &o bottom of the sand (about 2 ; cm
deep). Adjust the flow oP water Into the reservoir to about §
mi/sec, and allow the water to flow down the path for 20
minutes. Then turn off the water, but leave the sand in place.

Now take a look at Figure 1, which shows the Apalachicola
River in Florida, and Figure 2, which shows a small stream
in North Dakota. Notice that sand is deposited oh the inner
parts of each 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 erodes the
owter bank away as it rounds the corner.

Figure 1
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Figure 3 diagrams what a river does 1o the outer bank
of a river bend. Notice that the water, along with the rocks
and sand it carries, is thrown against the oufér bank. This
produces an undercutting of the bank and causes the rim
of the bank to overhang more and more. Finally the rim
collapses, becoming part of the load that will act on banks
farther downstream.

. 146 “RESOURCE 36 Figure 3
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© Notice that the cutting and deposition at the bends caused
3 the stream to swing wider and wider. This is what happens _ ’
) '5 in nature with fairly slow- -moving rivers. But sometimes, .
¢ K during periods of heavy rain, these same rivers become
;l g flooded, and their rate of flow increases. You can duplicate
Fi B this effect by increasing the rate of flow of water into the
~ SO 3
) 18 stream-table reservoir to 15 ml/sec. Notice what effect this
) { has upon the mcafdcrs in the.stream bed. '
S A The big point sfiown by the activities you've just done is ' ' -
bt Y that a river can cut a 'valley much wider than itself. It does
2 ' v . . . . . .
K7 ki this by meandering slowly in its course. This action is sum-
oy L . . R . o R
g - marized in the series of sketches in Figure 4. . . i
g N Figure 4
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’ moves to the opposlte side of the valley valley has becoime because of the river tarving
- N away the valley wails,- . -

Aruitoxt provided by Eic:
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CLUSTER E 37 Dunes on the Move

Behind many beaches amd on many island desert plains,
there are great piles of sand called dunes. St. George’s Island,
in the Gulf of Mexico, has many sand dunes. One of these
dunes is shown in Figure 1. You can see the Gulf in the
distance, beyond the dune.

“Flgure 1 :
Predict how the pattern of markings 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:

_Cardbc;ard ‘box (size'of shoe bo:g), with one end removed
Handful of sand '
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ACTIVITY 1. Bqlld a small sand dune near the open end of .
your box. Put your mouth level with the bottom of the box,
and blow gently but steadily. Move your head from side to '
side to distribute the wind evenly acrogs the pile of sand. -
Take turns with your partner until the sand pile moves about
10 cm (4 in). | '

Plle
of sand

About 8” away, - .
_ blow gently &nd steadily.

’
.

_ . What happensto the sand on the side of the pile tﬁéiug
. you? What happens on the other side?

. Wind direction Lo o > =~ © Sand falls down
.. : - Voo s ®een Sen TURRLLETATENSIRMON g steep slope.
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Dune moves
forward. 9 ' .

L

o

* . You have just simulated the dction of thé: wind on beach
or desert sand. In both places, the wind builds up piles of _
sand called dunes, as shown in Figure 2. Dunes can be moved, L
considerable distances each year unless th 'y encounter some :
obstacle that slows or stops their progresy, as in Figure 3.  RESQURCE 37
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, : Figure 3 : .
‘ . . L I
|

) .. [J2. What agent 1s preventing the movement of thg sand
: . dumﬁn Figure 3? . '
‘ ‘

In The simutation experiment you carried out, you ob-
served the sand grains rolling down the far side of the, dune.

: { . . Imagine a period of weather with little wind, followed by
' . B a period with strong wind, followed by another calm periog, - -
' etc. Then look caretully at Figure 4, a close-up of the dune
{ I you examined in Figure 3. '

Figure 4

. 150" RESOURCE 37
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[ 13. What 'do vou sce at X, and what caused this feature?

[ 14, In what way does the X feature difter from the structure

of a sand deposit formed in water? (Hint: Don't guess  thik

about the simulation experiment results and look back to

Resouree 7.)
4
Bedding of this kind 1s called dune bedding and is one way
of deciding whether a sedimentary rock is wind-deposited
or water-deposited.
[N
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* Figure 5)\

»

[15. Which figure (SA or 5B) represents dunc 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 near thc,g’d and in
the process become angular angl sharp. They Move up the
face of dunes and fall down the other side. In this way, i

- dune 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 objects in their
pathand maylkill vegetation. If the vegetation-can grow thick
and tall enough not to be buried, it may eventually hold the
sand and stop it from oving.
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Aruitoxt provided by Eic:

The Shorelands..

If you've never tasted a peach, you can hardly imagine its
flavor. Fortunately, the same probh,m doesn’t exist with land
features. The studgnt who lives in an interior state like Towa
may sull have a foad idea of what the shorelands of the
United States are like even though he has never visited them.
In fact, he may have an even better idea than a resident
of a coastal region. The latter 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, bcoloblc features of the
shorelands are Jdifferent in different regions.
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Figure 4-2

Study Frgure 4-1 carefully. You should be able to see
many of the features of the shorelands sector that vou tirst
noted m Frgure 1-4. Why is tlins coastline nartow and rocky

" mosome places and wide and sandy m others? Why are some

waves almost strarght and others curved, and why do they
break where they do? How did the coasthne pet to be the
way 1t s, and what will 1t ook ike m the future?

- These are not easy questions to answer. As you work

~through this chapter, you should find that you can ¢xXplam

how cach feature of the shorelinds was formed. And you
may cven predict what may happen to it the future.

The force of waves

Any surfer who has “wiped out™ knows about the tremen-
dous force of just a single wave, Chances are that he can’t
se¢ how this same force changes the lund. Qver a period of
time, however, he would be able to see the mmportant
changes. Look at the following sequence of photographs
’LerfU”y Then answer questions 4-1 and 4-2,

(J4-1. Which occurred more rapidly, the change from Fig-
ure 4-2 to 4-3 or the change from Figure 4-3 to 4-4?

(J4-2. Did the same forces of erosion that brought about
the change seen in Figure 4-3 cause the Lhdllb(, seen I
Figure 4-47 Explain,




Figure 4-3
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- Figure 4-4

Were you able to guess what happened?

Those pictures in Figures 4-2, 4-3, and 4-4 were taken over
a period of several years. The last picture was taken shortly
after Hurricane Betsy hit. (If the owner of the beach-cottage
had read this chapter before he built the cottage, he might
have chosen a different location! Perhaps you will see why
as you continue reading.)

Wavés against the beach

Most changes along the seashore are not as apparent as :
those just shown, however. When you go to the beach, yeou CHAPTER 4 158
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see the tesults of many diflerent processes. Look at the two

beaches shown m Figures 4-5 and 4-6.
Figure 4-5 .

A

hiwt .+
gt
E, i DX ,,;2
AN
; SR Y,

S

B ST

S AL
H LY

BN
s N4 '
FRANAAE LR

T




N

Figure 5 shows o beach i Flonda along the Gult of
Moo, Prgure 4-0 shows o Maane beach on the Atantie
Coast. Notice some of the bip ditferences m these beaches.
One s sandy with a gradual slope, whercas the other is rocky
with a steep drop-oft. Duning the winter, the rocky beach
is battered by waves 10 to 15 feet 1n height, whereas the
sandy beach seldom has waves more than 4 or 5 feet high.
It you were to dig down through the sand, you would tind
that the sand l.nu is very thick. If you tried to dig under
the rock beach, vou'd probably bend your shovel!

Kinetic cnergy from winds and storms tar out at sea is
ransterred” o the water to produce waves. The energy s
carried toward this coast by waves, The waves release their
cnergy whm they reach shallow water and break. Energy
can be cargied to the shore like this wherever there is a big
expanse of water subject to winds and storms.

You can mvestigate how this energy can affect beaches by
simulatjon experiments that use the stream tables. Work with
at least one partner for this activity.

Piece of wood
(wave geperator)

Sind-silt : TR closed
mixture

- ACTIVITY 4-1. Pile the mixture of sand and siit at one end
of the stream table to make a sloping surface. Use a block
to tilt the table. Then fill with water untii the bottom edge of
the sand is covered to a depth of about 3 cm. Put a.few smali
pleces of gravel near the water's edge and cover them with
sand. Note the relationship between the sand-silt mixture and \
" the water line. : CharTenr 4 157
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ACTIVITY 4-2. Produce storm waves by pressing down tirmly
on a plece of wood with the palm of your hand, as shown,
once every 3 seconds. Keep this up tor about 5 minutes and
carefully observe 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.)

Wave
troughs

During storms. high-energy waves reach the shoreline. The
action of these waves on the Weach is similar to the effect
in your’ stream-table model. The ctlect should look some-
thing like what is shown i Figure 4-7.

Figure 4-7 -
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The submng wanves attack the beach, shirfting the sand out
to sea o lorm abeneli Rocks are exposed along the shore,
and most of the very tine particles are carrred out into deep
water. where, m cabmer weathier, they slowly drop to the
bottom. <

Some shorehines that are exposed to high-enerpy waves all
the tme may not have any sand.”Onlv smooth pebbles are
ettt on such shores.

ACTIVITY 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, gentle waves. Continue this for
about 5 minutes, watching what happens when the waves
reach shore. '

i 74-3. What cftect do the low-cnergy waves have on the
bcach? How is this diflerent from the high-cnergy storm
waves crashing into the beach?

This time, you should have observed the slow building up
of the beach on shore. In fact, if you.gvere patient enough
o keep the gentle waves going for a long time, you might
have covered up the gravel exposed during the storm. The
waves will gradually shift the sand back from the underwater
bench onto the beach. ' :

The “Going, Going, Gone™ pictures in Figyres 4-2. 4-3,
and 4-4 show what can happen to a beach when high-energy |
waves attack 1t. Storms increase the energy reaching the

I 1/4.
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cnergy level, and hc.u&; will buld up aeam. This ovele of
change is always gomZon wherever the Lind nicets a Lrge
body of water and where the shorelme is suttable 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 on relatively. low-lying Shoreline.
Figure 4-8 shows waves approaching a tocky coastline with
steep clifls,

-Flgure 4-8 o

*

~ one shown in Figure 4-8?

n‘(.qulb"lﬂiW‘@ ' [:]I'll14. What effects do waves have on a coastline like the
X A . ’
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When waves crack against a steep shoreline instead of on
A tairly wide and flat beach, the effects on the landscape are
quite different. Figure 4-9 shows some features of a typical
rocky coast.

The figure shows an outcrop with two sea caves. Look
carctully near the top of the caves and you should be able
to see evidence of the high-tide line. (Hint: Look for a color
change.) .

The top of the cave is just above high-tide level. Outside
the cave, the beach is steep a rves back away from the
rock outcropping in which th%c is located. L

[ 14-5. Based on your study of waves and their effiect on stee
shorelines. what factors do you thggk affect the rate at which
the cave in Figure 4-9 is carved out of rock?
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If you look at Figure 4-10, you will see a serics of waves
approaching a bgach. As the waves get closer to shore, they
“break™ and spread onto the beach.
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- Figure 4-10
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Figure 4-11

|_J4-6. Why do the waves break as they get closer to shaore?

You should have found that the ocean wave breaks be-
cause the sea bottom, which slopes upward as you approach
the shore, interferes with the:circular motion of the wave.

Look back ggain at Figure 4-10. The waves approaching
the shore that you see in the.photegraph are entering a bay.
On closer inspection, you see that the wave front within the
bay takes on a curved path. Figure 4-11 shows the curved .
fronts approaching the shore. '

CHAPTER 4 v
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Curved path

Straight of waves
AN

wave front
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Farther out to sea, the wave tronts are not u;x'\-cd. but
are straight. '

-
“

[ 14-7. Find out why the waves bend as they enter the ban,
as shown m Frgure 4-11. Also, what do _\-m‘x predict would
happen to straght waves approaching a shoreline, as shown
in Figure 4- 127 Make a sketeh and pencil in vour prediction,
What would happen to waves apptoaching a shoreline at an
angle, as shown i Figure 4-137 Make a sketeh and penal
in your prediction. -
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Another oceah motion

Flgure 4-14 shows two photog}rdphs of the same ship, docked
at the same pier, at two dift¢rent times of the same.day. As

A£>

Figure 4-13

~
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you can see, the fevel of the water has changed drastically
from onc picture to the other.

Figure Q4
i e

{7]4-8. Why does the level of the ga change and what effect
doces a tidal change haw, on-a coastline like that shown in
al*lgure 4-14” )

- . L3

. Interpreﬁng a seacoast BRI

" The rombined effect of ocedn waves and tidal Lhdl]bc
producests great variety of scacoast Tandscapes. A shore of
hard, resistant gacous,rock will develop a different seacoast
appearance than asshore of soft sedinientary rock. Scacoasts

* that.are subjected to many storms will bc crodcd mdte rap-

idly than those with few storms. .
When a geologist tries to interpret. a landscape, he looks

for evidence of the changes that hawe Been taking place. He

tries to figure out what caused them, just as you've been
doing. Figure 4-15 contains cvidence of a charge that tadk
thousands of ycars“to happen. Can you spot the evidence?

H
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Figure 4-15
(J4-9. Interpret (describe and explain) how you think this
coastline got to be the way it is. Here are some clues to hclp
you. Notice the rocky outc.roppm s in thc foreground. Do
they resemble tﬂe results of erosion you 've been studying?
What about the ftat, gently slopingiarca in the center of the
picture? What area of Figure 4-15 does it resemble? Examine
Figure 4- L6 an artist’s sketch of the samé area. . - - Figure'4-16

O1d wave bench
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Figure 4-17 Figure 4-17 shows a view of a coastal I'culurc»thaﬁuu may
' never hgve seen from this angle before. This is an adrial shot
of a delta™f you were to see it from ground level, yoit would
not be able to describe its*ghapc unless you walked around
the edges as well as across 1t. Figure 4-18 shows a diagram
Figure 4-18  of the same region.

— Coastline

Braided
streams

Tidal flat
(sand and silt)
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This delta is built up from sand and silt sediments. The
plants on it obviously started growmg after the sediments
began to accumulate. Some of the larger treesare more than
a hundred years old. Notice thatin the right i of the photo
the delta appears to have been growing faster and that a
sandbar has formed.

(.]4-10. Where did the sand and silt that formed this delt:
come from and how have the ocean tides, currents, and wj
action helped shape the detha?

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 (mt‘l months. Only occasionally
do they change speed or direction. Waves, on the other hand,
usually approach the shore atan angle that changes as the
wind changes. (Sometimes the wind blows out to sea!)

S0 CRUS | ERC

Figure 4-19

SAND BARS
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Phe spee shown e brge 4 19 has built up where the
ocean cunrents and the wave action are workmg, topether for
at least part of the year (o deposit sand at the mouth of the
river. Both the river and the ocean carry sediments,

c14-11. How are wave directon and ocean currents snvolved

Il'l%l.l}-‘ﬂ-'-l:lﬂ?} in the shaping of the spit shown i Frgue 4-19?

Some tivers do not form deltas or spis where they empty
mto the sea. Rivers hke the Columbia, the Delaware, the
St John, the St Lawrence, and the ones that empty into
Chesapeake Bay have deepwater channcls (called adal estu-
aries or fiords. depending on where they were formed). These
channcls may extend for many miles fronr the sea inland.

Figure 4-20

Sediment

Figure 4-21

Chanpel e
bottom Sty Sediment
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The harbors shown in Figures 4-20 and 4-21 are examples
of cach type. Frgure 4-201s the tiord type, and Fipure 4-21
1s the tdal type.

Serentists have pur/.lcd over how these harbors were
tormed. but they have located some picees of the pussle.
For one thing, the tiord type of deepwater channel s found

N Mountanous regtons where there s much evidence of

glactation. The wide, flat channel bottom of the fiord-type
h.nbor is typical of valleys carved by glaciers. Using depth
) snundmux and acrial photography, scientists have discovered

that the more V-shaped harbors reveal a giver valley patterne

and shape. The great continental glaciers that used to cover

most of North America and Furope were melting and their
water was running into the oceans while these harbors were

duclopmu ) )

["14-12. Usmg this evidence, describe a model to account for

the formation of the deep harbors xhown ml lblll‘cb 4-20 and
4-21. .

Summary.

. . / ! :
You've seen_that many ditterent forees gre involved in the
shaping of “the shorelands: It you've ustd yéur resources

successtully, you shmnd be able to thrput the features of

the shorelands and to predict what may happen to them in
the future. The streteh ()f shoreline shown n l*lguu 4- 72 has
many .of ‘these detUI‘Lb How well ’u\n you, mluprct this
shoreline? :

Re: 10 CLHISTERG
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. ' Figure 4-22 You: can see that interpreting most of the landscapes of
) « 0 : shorelands is not hard when you know the forces involved.
- _ o -+ Look over Figure 4-23. You will recOgnize this drawing as
T LT part of Figure 1-4 from Chapter 14 Can you identify the »
. ceoes T * features of the shorelands and describe how they were
L - . 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 tiey do toda

P ‘ - Figure 4-23 '
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38 Wave Action on CLUSTER A
ROCky Cliffs (Resources 38-41)

When water crashes into rock, which is stronger, the water
or the roek? Obviously, rock 1s stronger because 1t hardly
changes, while the water is sent flying in all directions. Yet,
over a long period of time. water can destroy clifls, too. To
simhilate the process, get a notchgd block made of sand and
plaster of pans, some mixed sand and silt. and a piece of
wood, and sct up a stream table as sho¥n below. Also, scatter
some gravel on the sand.

Notched ¢ Figure 1

Sand and silt

~ ACTIVITY 1. Fill the stream table with water sa that the middle
‘notch in thellfock 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 notches. Keep
the waves going for 5'to 10 minutes, careful{y obserbing the . .
face of the block to see which notch is most affected by the ' Middle -

notch
wave action. . o n

'_'c'c ..
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From these simulation experiments, you should have
found out that the crosive effects of the waves oceur i a
natrow band just above sea level. At this level, they would
produce undercutting, on a chiff face. Softer rocks are more
rapidly croded than harder ones, and cracks allow the cro- ‘
sion’ to proceed faster. If you could see the waves acting,
against a clifl face over a period of time. you would note -
that the face keeps moving back, and a wave-cut bench s
left.

——

Chtt
~ face

Space

Crack Sea level

Let's examine the effect of cracks at sea level a hitde fur-
ther. Figure 2 shows a crack at sea level. What does the space
in the crack contain when there is no water washing nto
it?

L

N

= :

. N 7
Water pushing -
. into.crack - -

What happens at X in Figure 3 when a big wave washes,
nto the crack, and what eﬂut&\\'m}ld this have on the crack?
Imagme this process continuing in the same crack tor hun-

137 L




dreds of years. Ttis not difticult to see that the sudden™om-
Jpression of the arr when the water drives into the crack will
help to make the crack bigger and longer.

In your experimenty you may have seen little broken pieces

of plaster tumbling down. These represent pebbles and
boulders -broken off’ in the real situation.
would be small enough tor the waves to pick up and throw
against the ¢hitl. Wh.u cffect would thas hive on the clift and
on the pebbles?

In any coastlime region where clitl faces are raised dbdlll\{
the sea, the Kinetic energy of waves does work. The clifl gets
undercut at sea level by the abrasive action of stones and
the compression of air in cracks. Arches and caves develop.
Then these collapse as they are enlarged, leaving pinnacles
of rock standing by themsclves.

The pebbles and boulders are ground mto sand, which gets
transported away 1o be deposited elsewhere as offshore
benches or as beaches and sandbars.

Now that the water in your stream table has settled down,

take another good look at the model you have produced.

You should tmd that the coarser sediment has formed a
bench in front of the chitt arca. The very tine material should
be deposited in the deeper “oftshore™ water.

Some of thele.,

Cliff face *

Wave-cut notchr

T Ry
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Bench ¢f coarse _J « . __ Depositof e
. material fine silt
. . : -
| Bottom of “
‘ stream table
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" Figure 1
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39 Kinetic Energy
and Waves
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Have you ever bgen surfing or watched surfing at the movies

or on television? A surfer on a board out beyond the break-

ing waves just bobs up and down in almost the same spot,
while a surfer in the breaking wave 1s pushed toward the
shore, like the two people in Figure 1.

The surfers in Figure 1°have gained kinetic energy as they
moved toward the shore: ‘Why, doesn’t a su#fer beyond the
breakmg wave have the same Kinetic energy? -, .
‘What causes the waves to break when they reach shallow
water?’ '
.One model of wave action. states that water particles in’

- the ®pper layers are Totating because of wind action. At the

high point.of the wave (the crest), the: partxcles have rotated

LA

.
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up to their highest position. At the lowest pomt (the trough),
the parmlcs ha\c rotated back down to their lowest position.
A surfer is lifted and lowered by this rotational motion but
1s not carried to shore, as shown in Figures 2 and 3. Although
the energy obtained by the, ®@ywve from the wind 15 carried
- forward b the wave, the pagficles of water rotate in a con-
fined area. ., -
§——— Wave shape moving in this directlon v i All particles
) at top of circle

. . . Surer
All particles - - All particles, All particles

moving upward at bottom of circle moving downward

clrcular
. r movement
. around el
. e one spot
. B ‘

L ¥

4

-

~

I L LR
RN

Figure 2

. ..If the water is deep, waves can travel without intérference. .
But imagine what happens when’waves get close to shore.
What causes waves to break when they reach shaljjow water?
When the water is shallow enough to stop tHe particles
{rom rotating, the wave breaks. The circular ep@rgy of the
* waves is changed to forward motion of water pafticles, whilh
_ Tush up the sloping Mtiore. The breaking wave pushes floating
. objects ahead of it and plcks up tons of sand as it rushes
- toward the beach. ey
This model of wave action is one explanauon-of‘ how water .
.. close to shagg gets enough Kinetic energy 1o form’a breaking - .- ,
waye and thus can ple up and carry sand 47 the shore. - RESQURCE 39 175 -
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A few seconds later.

New posttion of crest
ik * All particles-npw Surfer lowered
All particles now at top of circle (no torward motion)
at bottom of circle -

Now position
\{H’munh ) .

«-

Wave shape breaks and the at .
water gains kinetic energy ’~ Wave shape moves toward shore’”
toward shore. - . -

T R
& Particles can rotate

- Sea bottom interferes
with particle rotation
and wave breaks. \

(———-——-*Wét‘er travel

Figure 4
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It the ocean is wide and a prevailing wind blows 1 one
direction for most of the year, as along the Pacfic Coast,
waves continually roll shoreward. These waves (called swelly)

. . are usually large, reaching heights nt 10, 1§, and 20 tut

- Some coastlines face sheltered wafer (e the Gulf

. Mexico)—and hepe swells only develop after storms at sea.

The total energy supplied to that coastline each year is not

so great as the energy supplied to wastlmes facing the Pacific wag
'_1;1 . " or'the Atlantxe Ocean.

\ 40 Beaches ,an'd.tﬁe
i - Curving of Waves

AR

¥

NI R - _ Figure 1
' s When you stand on a beach do the waves always come at
| * you- head on, 90° to the’ beach waterline? Are all waves "
AL | ~ formed the same way" Take a caseful look at Flgure 1, which™ - .
B shows an aerial view of a coastline, - with waves washing past
'] an offshore jetty. Notice the pattern formg the waves.
You can understand this pattérn and7the effect it might” )
have gn a shoreling by doing-a stream- table activity. You | I
~.will need a partner, one stream-table Sct two plaster blocks, '
and one wooden block.

«‘- . o

EER 2
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ACTIVITY 1. Set up the stream table with a sloping 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

ACTIVITY 2. Now-put two plaster blocks into the water as
shown. The blocks should have a space of at least 4 cm
- between them and should appear above water jevel.
Generate waves In the same way that you did in Activity
1. Note the pattern this time and the effect on the shore.

" Plaster
blocks

Where a prevailing wind is blowingrtoward land at tight
angles to a straight coastline, the” wave pattern is like the
-one you found in your first simulatfop experiment. The crests
approach the coastline parallel to each other and to the coast.

Sy / '
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Almost all energy is concentrated on the Coast, cau,sing'.\lcudy
erosion all along the coast. Figure 2 shows the typical wave
pattern for these conditions. "

2

Pa raTlel

Straight
coastline

Figure 2 - : . N .1 Direction of
. prevailing wind

. Did you get a cyrved 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 1.

Waves curved~.  Wave In contact with
by ditfraction ~_ headland is slowed down. Parallel

Headland

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 that reach land first are slowed
down, whereas the other parts continue at the same speed.
The wave line Bends, ‘and this is called refaction. Predict o
what wave pattern'you would get with waves entering a wide, ,

- curved bay. ! L e

s

"
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Figure 1

ACTIVITY 3. Pile your sand mixture at one end to make a
deeply Surved, scooped-out bay, and generat‘ more waves.

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 curved
bays as well as pocket beaches between hcadlands.

41. Waves at an Angle
. and Movement
.of S nd

[y - -1

\
What happens to a cogstline 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 o the shape of the wavd pattern
when the waves reach the shore. Make a diagram to illgstrate
your prediction.

Now get a partner, a complete stream-table setup, a piece
of wood, and two plaster blocks. You can conduct a simula-
tion experiment to see-if your prediction is correct and to.

observe the cffggLO_f‘,.t_h_i;i._typg_szf-mn.;mﬁon.-on-a-beaeh..-w-—~---—---~-.

R
SRR A L AT AT,

ACTIVITY 1. Pile the sand-slit mixture along one side of the
stream table and put water Iinto the tabie to a depth of about
3 cm. Place the plece of wood you are using as a wave gener-
#{:r at an angle, 'as shown. Push down on it every three
soconds or so to produce a pattern of waves at an angle to
the shore. Watch the wave pattern and the erosion effect
carefully.

' Sand-silt
mixture

Wooden block for wave generator
at an angle to produce ablique waves

L

.
.

. L Lo
" Did you predict the wave pattérn correetly? What hap-
pened to the beach? s .
- In your simulation, the wave pattern curves into the beach,
and the sand is shifted steadily along the shore in a process
that is called longshore drift. : - |
... Because nvan uses beaches for recreation and builds homes

” on ‘the seashore, he often builds structures to, reduce beach"

erosion. Let's see what these structures do, RESOURCE 41 181+ ,
i i R _ - N ) . ) . . . I’ .
. > . ) . e .- . «
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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 happens as the blocks
obstruct the longshore drift.

+

Plaster
DGR = - SHNGI

> ixtura

Wave
- generator

~

4

.

» ]

The diagram in Figure 5 shows how the waves are bent
(refracted) as they reach the shore arca. As long as the waves
follow this pattern, the sand builds up beside the obstruction.
Boat ramps, sca walls, or jettigs can interfere with longshore
drifts of sand along a beach and in much the same way cause
a change in the shape of the coast. A jetty at Panama City,
Florida, is shown in Figure 3.
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420 Measuring Sea Level CLUSTER B

(Resouices 42-44)

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 hive observed boats tied to a wharf, piles standing
out of the water, or beaches and shore rotks over a period
of days, weeks, or months, 'you will realize tiat 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 at the land.

.
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" What can you do to get an operational defimition for seq

level when it is changing all the time? The measurement of

. scalevel is no easy task. Usually the problem of making such

a measurement is solved by installing a measuring instru-

e e oo el called A tide gauge: at. ;hc end of a pier that stretches
far out into the sea:

\0

- ‘' Figure 1 : .
/
: ' Rotating )

drum Moving sheet
o ’ of paper

Weight

v
+
+

Opening
to sea

[ T

allows water to enter and_fill the cvlinder to thef:jevels
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 draws a line on a movmg
Figure 2 sheet of paper. °

A ude gauge' has a cylmder with’ a small opengg that
e

]

\
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Chart datum level
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The pen traces out records like that on the chart shown
in Figure 2.7 The graph, developed over a period of tithe,
shows the highest lewel reached. by the tide, the lowest level,
and all devels between. ' .

From continuous readings like these, taken over a long
time, 2 value for mean sea level can be calculated. Mean
séa level is an average value between high water and low
water. Wihich value on this'chart would be about the level
of mean $&4 leveld :

. The United States Coast and Geodetic Survey classifies

~ tide.stations as primary, or first class, only if they have becn:
in continuous operation for more than nineteen 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. L S B .
~ Careful measurement has shown that the sea level*is nof

" the same at all places (s¢e Figure 3)\4(For example, if the
_sea level at St. Augustine, Florida; is taken as zero, then the
sea level at Portlangd, Maine, is ab_out 38 cm higher; at San"
Diego, -California, it is about 58 cm higher;_ and on the
+Oregbi¥coast it is about 8(3 cm higher.

-

e

Portland, .
Malne | +38cm-

* Portiand,
Oregon +86 cm

»

*

San Die:go. . _ ; X
e Callfornia +58tm o .
A U . ' St."Augustine,
‘ ' Florida Ocm’

Galveston, .
- Texas 420 cm

20p




Scientists are not certain why there is o ditference mosea
level, but they think it is related to such varables as baro-
metric pressure and water lemperature.

43 Tidal Effects on
- Shorelines

One of the most noticeable cyclic events (events occurring
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 ag three meters
(10 ft), and in some parts of the world it can be more than
nine or ten meters (33 ft). Only the larger lakes have measur-
able tides; Lake Erie has a tidal range of only eight centime-
ters (3 in).

Men have noticed how tidal cycles follow the daily cycles
of the earth, moon, and sun. The present theory of tides
explains tifém in terms of the gravitational attraction of the
moon ang sun, which causes the water on the earth’s surfave
to bulge out. The moon, though smaller than the sun, has
‘a greater effect (over twice as grgat) because it is so much
‘closer to the earth. .

‘ In Figure 2 of the previous resource, there is a chart show-
. ing a daily tide record. Notice that the recordings in the early
part of the chart show a big difference between high-tide
level and low-tide level (almost four meters on the sixth day) .
while a week later the difference is dhly about one meter.
When the moon and the sun are in a straight line with"the
earth so that their gravitational attractions are pulling to-
-gether, big tides are caused. 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 gertain times of the month dnd small differences at other
times. e g
_ On a gently sloping shore like the one pictured in Figure
+1, the period of big tides causes wave action on the upper
part of thepbeach for the ﬁr;j time since the last big tides.” -
"You can imagine the treméndous effects a combination of
\ < - . .
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astormand one of these very high tides has on the upper
part ot the beach and the dunes.
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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 erosion takes place at sea level.
If the rise and fall of the tide is small, only a narrow strip

+ 15 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. clxﬂ" face is affected by wave
action. , .
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44 Changing ‘'Sea Level
and Erosion '

This Tesource will elp you Tind oot what eiect & change ™
in sea level can have on a cliff-type coastal landscape. To
get started, obtain two plaster blocks (one larger than the
other), some of the sand-silt mixture, a prece of wood, and
a stream table. You will use the sand-silt mixture and plu§tcr
blocks to build your own landscape.

ACTIVITY 1. Pack your sand-silt mixture at one end of the
stream table as shown, embedding the two plaster blocks
along the front edge. Raise this landscape end of your stream
tat;{e with a block of wood or other support. Then fill the other
end with water until it just covers the smaller of the two plas-

ter blocks.
Model landscape

ACTIVITY 2. Place the piece of wood in the stream table at
thé opposite end from your mode! landscape. ,th .down
gently on the wood with the palm of your hand and then
quickly lift your hand. Do this evory‘h. seconds or 80, and you

will create gentle waves.
. Plaster blocks <.




Keep making waves this way for about § minutes. Notice
where the erosion at this sca level takes place. Now let ther
walter out through the drainage hole until only the lower half
of the smaller plaster block is covered with ‘watet. Then
repeatl the wave action to#sce how a change inmea level can
atfect the landscape. .

- Wave crosion takes place At sea level and. cuts a’t_)cmh )
(Figure 1), the cliff being steadily cut back. If the sea lével ™ T T e
drops, erosion cannot také place at thig level any more, and ,

a flat wave-cut bench is left. The old kliffs are left behind,
but they often lose their distinctive features because of slides»
antl’ crosion. Old wave-~cut benches can be recognized on
many coastlines and are evidence of changes$ in sea level.
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CLUSTER C'. 45 Where Does Beach
Sand Come From?

(Resources 45-47)

The moviemakery’ concept of an island paradise is 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-coored, ang 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 samd be so differ-
ent from beach to beach? B , .

Sand is 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 each othen and
on bedrock when vigorously rolled by moving water of high
kinetic energy. . ' :

This process can happen in the fast-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 sufficiently 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
and wave-action, finally becoming part of a beach.

Sand particles break off from rocks when waves batter the

- rocks against each other or against the cliffs. This sand can
be depaosited-on pocket beaches in the bays between rocky
headlands or carried away by wave action and washed u
on a beach elsewhere. . -~ .

The-color and' kind of sand formed depend, on the kind
of rock that was -ground down, [nh general, rocks made of
hard minerals break down to sand. White sand like that
aldng__the southeast codst usually comes from quartz, Darker

* sands. are often formed by the breakdown of dark-colored -
‘igneous or metamorphic. rock, The black sands of Hawaii
are composed of tiny grains broken -from “dark-colored lava
rock. In some localities, the color of.the beach may be altered
by wastes, organic. r-:tter, or mixtures of clay with the safd
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Some of the sand on the Oregon beach in Figure 1 below
eould have come from the grinding down.of the rocky head-
land in the distance. There are no rocky headlands within
hundreds of miles of the Florida beach pictured in Figure
2. Part of this sand comes from broken shells and coral,

though some may have been brought a long way by ocean
currents.
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46 Spits and Sandbars

Where rivers enter the sea, the river mouths are often partly
blocked by deposits of sand called sandbars. Long, curved
sandbars called spits also form at the tip of headlands that
project into the sea. .

One way that Sﬁlts form can be demonstrated in aa’tream
table. Imagine allong coastline with angled waves drifting
along a shallow shore. Can you predict what kind of beach
will form wltere the coastline changes dxrectxon"

n
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ACTIVITY 1. Pile up the sand-silt mixture to make a beach
trom one corner of the stream table to about the middle, as
shown. Then put in a plaster block to represent a rock head-
land. Pour In water to a depth of about 3 cm. Generate angling
waves by pushing down every 3 seconds on a wooden block.
Do tiis for about 5 to 10 minutes.

Plaster. block to represent headland
Sand-silt mixture

>
R

¥

L g ”
Bk "‘ . s
5 2y

R

Change ot direction of coastine i “c
(A M s ‘ 23
Wave pattem

Wooden block as wave generator

Your simulation should have produced a landform like
that shown in Figure 1. Longshore drift shifts the sand along
the coast to the headland. The energy of the waves is reduced
as they swing around the hcadland, and the sand is deposited
as a curved sandbar, or spit.

" Headland changes direction of coastline.

Protected bay

Figure 1




Sandbars can also be deposited off the mouths of 1ivers
or i shallow water off a beach when currents carrying a load
of sand are slowed down and lose energy.

_Rise in Sea Level - -
Floods Valleys = *

T, . PR U

The large body .of water in the mountain scene of Figure | 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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glactally carved. There 1s evidence that during the ice-age
period, when these mountains were being carved 1o their
present shape, greaj ice sheets covered much of the Northern

*Hemsphere. With so much of the carth’s water trapped in
the form of glacial ice, the sea level would have Been much
ower then than now, . ]

One theory suggests that as the climate changed to 'u
warmer one, the ice sheets melted back to their present.
positions over the North and South Poles. The water releasgd
by the melting ice raised the sea level--one estimate is by
dbout 100 meters. A rise as big as this caused the flooding
of many valleys near the coast. S

-Flooded, ice-catved valleys like Tracy Arm are sometimes
called fiords, while flooded river-carved valleys are called
estuaries. Many of the world’s best harbors occupy 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. '

River valley

Coastdl plain

Coastline

+ New sea level —
100 meters

194 RESOURCE 47
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Flooding due to a rise mosea level caused by melung e
is not the only possible way of forming an gstuary or a fiord.
The same result. would oceur if earth movements caused the
land to sink bencath the sea. The diagram in Figure 2 showy
how a river valley could become an estuary if the sea level
rose, or the land sank, or’a combination of both cffects
resulted 1n a relatuve rise i sea level.
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