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INTRODUCTTON

The purpose of fhis publication {5 to provide a guide and reference
dor you, the Zeacher, Ztaking this in-service television cownse. The couwnse 44
onganized dnto thinty-two preghams, each thirnty minutes Long, which wiflf be
broadcast folLlowing the schedule on page 3. This guide {4 ongandized in a
similan mamer. There are thinty-two Lessons, eacn comresponding £o 4 program.
Each Lesson section L4 divdded {nto four segments, The §inst segment states
the object ves or goals which the Lesson hopes to accomplish., The second 44 a
List of nefenences, and the thind 48 a group of suggested activities. The
fourth 48 a content outline of the material Lo be discussed in that Lesson.

The Regerence Sectdon:

Eaci Lesson L& hederenced {n several texts. Wheneven possible, all
three state-odopted Lexts are cited first and in the foflowing ondenr:

1. F4ibbs, Albert R. and Albert F, E{8s. THE EARIH-SPACE
STENCES (lLaidlaw Brothers, 1949).

2. Bishop, Mangaret S., Phyflis G, Lewdis, and Richmond L. Bronaugh.
FOCUS ON EARTH SCIENCE (Mernifk, 1969).

3. Eanth Science Cwwndicwlum Project. INVESTIGATING THE EARTH
(Hovghton M{44&in, 1967].

The onder 48 not intended to convey any preference but simoly to standurdize
and, thus, sirplify the process of findiing the particilar reference yeu are
seeking, Prinedpal supplementary neferences are also given fon each Lesson,
Again, the onden means LiLElr; nathen, the sources cited nepresent the best
v the sources avallable to the awthon at the time of waiting. As complete

a bibliograpny as possible 48 included at the end of this section. 1In the
event that a refernence 44 particularly valuablc, 4t wsually will be mentioned
on the progaam preceding £he one to which it applies.

The Activities Section:

The princdpal puwrpode of the activities section 48 1o provdde you
with some examples of siudent i estigations, demonstrations, on activities
which Lead into on senve Lo demonstrate a particulan concept., There are
Literally hundreds of poseible activities, and there 44 space in this hand-
book for only a few. As time permits, mone will be added and distributed
Lo you. 1§ you know of a demonstration, Lnvestigation, or activify wiich s
not Listed, please Let us know s¢ that we may add 4t to our Lists and Anform
the othen teachers taking the counse.

Do not feel that you musi thy every activity &idted, but do try at
Least one every week., One of the best ways 2o keep sfudents avake, interesied,
and enthusiustic 44 to keep them busy discovering. Most of the activitics
shown promote discoveny and, Zherefore, can make Leandng an exciting busiiness,

O




INTRODUCTION, Page 2

The Content Outline:

This portion of the handbook A& perhaps the Least valuoble. Finst,
rany of the facts Listed will have changed before the coutde L4 compieted.
More dimportant are the majon concepis embodied 4in the outline. We are, after
all, principally interested in concepls. You should treal Lhe outline as you
would a set 0f cowrse notes. Indeed, they are dintended Lo serve as such, and
we hope you will use them in place of taking notes. VYou should feel free to
natk out, add to, make nules cn, ox s ibbie all gver the entine handbook. 11
belongs 2o you. Tne Zelevdsdin proghom will not necessarily cover all of the
materdial in Bhe outline or take it up Ain the cutline order. However, the
material in the fesson 48 vital Zo the concepts being considened and, hopefully,
constitutes a rotal eanth science course when Loken as a complete unit of
thinty-1wo fessons, Those activities printed {n thein entinety are not copy-
nighted and were purposely printed in a manner as Lo make them easily copied,
Please geel free te do so.

Teacher Particdpetion:

No cournse can give gou any more than what you put Linfo Lt, UWe
believe that eanth science can be one of the most exciting coursed 4inm the
cwnieubum,  We hope ycu wiLl §4nd the television portion interesiing,
stimulating, and entertaining; :ut what you derive from the courde will
depend principally on the amount of energy you expend on the follow-up
activifies, The succeds of thi, counse depends on you. We hope you will
help us make it the kind of duccess L& can be.
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TRANSMISSION SCHEDULE*

1970 - 71
Program lumber Tuesday 4:00 p.m. Thursday 6:30 p.m.
) September 15 September 17
| 2 22 24
3 29 _October 1
4~ October 6 8
5 13 15
6 20 ~2¢
7 "— 7 Z9
8 November 3 November 5
o 9 10 T2
- 1§ 17 19
THANKSGIVING THANKSGIVING
BA Cecember T December 3
1 3 - 10
_ 13 15 17
CHRISTMAS CHRISTMAS
14 Janvary 5 January 7
15 T2 14
16 19 2]
17 b 28
18 February 2 February 4
| 19 9 11
20 16 18
. 21 _ 23 25
22 March — 2 March 4
23 El 11
24 16 18 |
2h 23 25
26 30 April 1 i
27 April 6 EASTER '
E%SiER . 15
[T 78 20 22
29 27 29
30 — May q May 6
| 3] 1T 13
L 32 18 20

* The same lesson will be broadcast on Tuesday at 4:00 p.m. and
Thursday at 6:30 p.m. for convenience in scheduling.

ro
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TEXT REFERENCES
Hibbs and Eiss. THE EARTH-SPACE SCIENCES (iaidlaw).

Bishop, Lewis and Bronaugh. FOCUS ON EARTH SCIENCE (Merrill).
ESCP. INVESTIGATING THE EARTH (Houghton Mifflin).

ADDITIONAL REFERENCES

Namowitz and Stone. EARTH SCIENCE, THE WORLD WE LIVE [N {Van
Nostrand).

Navarra and Strahler. OUR PLANET IN SPACE (He~pe- and Row).
kamsey and Burckley. MODERN EARTH SCIENCE (Ho't. Rinebart and
Winston).

Ramsey, gE_al. FOUNDATIONS OF PHYSICAL SCIENCE ‘Ho't, Rinehart
and Winston).

Thurber and Kiiturn. EXPLORING FARTH SCIENCE (Allyn & Bacon).
Trinklein and Huffer. MODERN SPACE SCIENCE iHolt, Rinehart and
Winston).

Wolfe, g}_gl, EART.1 AND SPACE SCIENCE {D. C. Heath).

COLLEGE LEVEL REFERENCES

%lark a;d Stealin., TRE GSEOLOGICAL EVOLUTION QF NORTH AMERICA
Ronald).

DICTIONARY OF GEOLOGICAL TERMS, A41 (Dalphin}.

A DICTIONARY OF MINING AND RELATSD TERMS, Department of the
Interior.

Dunbar. HISTORICA. GEQLOGY [Wiley),

GEOLOGY AND EARTH SCIENCES SOURCEBOOK, AGY. (Holf, Rinehart
and Winston).

Gilluly, et a). PRINCIPLES OF GEOLOGY (Freeman).

Holmes. PRINCIPLES OF PHYSICAL GEOLOGY {(Ropa’d}.

Shelton, GEOLOGY [LLUSTRATED [Freemen)

Shepard. THE EARTH BENEATH THE SEA (Johns Hopling)
Spencer. GEGLOGY: A SURVEY OF EARTH SCIENCE (C:owell),
Strahler. EARTH SCIENCES (Harper & Rowt,

Strahler. PHYSICAL GEOGHAPHY {W:ley).

Luaberge. ELEMENTS OF GEOLOGY (Wiiey!

NORTI_CAROL™NA ~

Broadhurst. AN INTRODUCTION TQ THE TOPOGRAPRY, GEOLOGY, AND

M!NE?AL RESOURCES OF NORTH CAROLINA {Education2! Series No. 2,

1952).

%tuckgy. NORTH CARCLINA - iTS GEQ.QGY AND MINERAL RESOURCES
1965).

Stuckey and Steel. GEQOLOGY AND MINERAL RESCURCES Of NORTH

CAROLINA (Educational Series No. 3, 1953},

Available from North Caroiina D ~is+:n of Mine-~al Pesdurces,
Department of Conservation and Oeve'opment, Raleigh, North
Carolina 27603.



LESSON 1, Introduction

CONSTRUCTS FOR TEACHING EARTH SCIENCE

Objectives:

1

To gain an understanding of some of the various approaches that can be used
in teaching earth science and the reasoning behind their application.

¢. To differentiate some of the various styles of teaching and their positive
and negative points. .

3. To establish a partial constructural base for the organization of the
following thirty-one lessons.

References:

1. Hibbs, Albert R., and Albert F. Eiss  THE EARTH - SPACE SCIENCES (Laidlaw
Brothers, 1969), Chapters 1 and 2.

2. Bishop, Margaret S., Phyllis G Lewis, anu Richmond L. Bronaugh. FOCUS ON
EARTH SCIENCE (Merrill, 1963), pages iii and iv; Chapter 1, Section 1.1.

3. Earth Science Curriculum Project. INVESTIGATING THE EARTH (Houghton Mifflin,

1967), text preface and prologue, Teacher's Manual Introduction, pages 1-16.

Activities:

1

idake a list of all! the various constructural schemes for teaching earth
science that you can think of. Have each teacher select one and discuss
its good and bad po'nts. (Example. compare the three constructural
schemes in the state adopted textbook or some of the references.)

Have each teacher develop a plan for their years activity based on cne or
more construct, discuss and justify their plan to the rest of the group.

Discuss th2 approach you plan to use in teaching earth science this year.
Will it be factual, investgative, field oriented, concept oriented, or

a mixture of the different approaches? Why did you choose your particular
approach?



LESSON 1
' CONSTRUCTS FOR TEACHING EARTH SCIENCE

I. Major Construction Themes

A. Classical approach - proceeds systematically through the branches of
the earth sciences and usually the sub-branches.

Example: Astronomy
Meteorology

Climatol ogy

Oceanography g;zigﬁlgﬁy

Geology --==-=----m-cc-oonaa Geomorphology
Structural Geology
Geophysics
Historical

B. Historical approach - usually begins with the origin of the univorse
and continues tc the present, inserting other concepts where they
become necessary to explain events as they develop.

C. Macro to micro - proceeding from the universe to the atom.

’ D. Micro to macro - proceeding from the atom to the universe.

E. Through the spheres - proceeding from the exosphere to the atmosphere,
hydrosphere, and lithosphere or the reverse order,

F. Concept oriented approach - involves selecting the major conceptual bases
on which the science functions.

Example: Interface concept Density Evolution
Gravity Time Uniforitarianism
Energy flow space Isostasy

IT. Shotgun or topic selection?

A. Try to cover everytning? This usually results n poor coverage of many
things and often the end of the school year arrives with material left
uncovered.

B. If you can't cover it well - don't try to cover it at all. Many
teachers feel that it is better to skip 2 topic rather than treat it
poorly. Often entire subject areas are ignored for one or more of the
reasons below.

1. Lack of knewledge,
2, Lack of resources.

]EIQJ!:‘ 3. Lack of interest (either teacher or students).

.




LESSON 1, Page 2

4. Previous knowledge on part of students (exampic: space sciencej.

5. Location (example: students in the mid-west often talk more about
fossils and less about oceanography. Students in tk2 south have
little need for a comprehensive knowledge of the landforms caused
by continental and valley glaciers.)




LESSON 2 Introduction and Content
TEACHING THROUGH CONCEPTS AND INVESTIGATIONS

Objective: To develop a rationale for teaching science concepts.

Refeiences:
Mager, Robert . PREPARING INSTRUCTIONAL OBJECTIVES {Fearon Publications,
Palo Alto, California).

Sund, Robert t.., and [eslie W. Trowbridge. TEACHING SCIENCE BY INQUIRY IN
SECONDARY SCHOOLS {Charles €. Merrill Books, Inc. Columbus, Ohio).
Romey, Willjam D. INQUIRY TECHNIQUES FOR TEACHING SCIENCEs (Rrentice Hall).

Activities:
Discussion shouid follow the television program. Tae television program
will close out with a 10-minute film, "Toward Inquiry." It is hoped that
the program (with film) will show the value of teaching concepts through
student activity or injuiry,
Each teacher might examine and ¢ .cuss the following questions:

1. Do you considey your teaching effective?

2. Is there room for improvement in your teaching?

3. HWhy do you teach the way you do?

4. How could you improve your teaching methods?

5. If you are awar2 of areas for improvements, #hat factors have
prevented you from implementing these changes in teaching?

6. How can you and your school proceed to overcome these problems.

10



LESSCN 3, Introduction

THE EARTH - MEMBER OF THE UNIVERSE

Objectives:

1.

To locate the earth as a body in space.

2. To develop a concept of the relation between the solar system and the
galaxy.

3. To develop a concept of the relationships of the members cf the solar
system.

References:

1. Hibbs, Albert R., and Albert F. Eiss. THE EARTH - SPACE SCIENCES
(Laidlaw Brothers, 1969), Chapters 3, 4, and 5,

2. Bishop, Margaret S., Phyllis G. Lewis, and Richmond L. Bronaugh.
FOZUS ON EARTH SCIENCE {(Merr{11, 1969), Chapter 21,

3. Earth Science Curriculum Project. INVESTIGATING THE EARTH (Houghton

Mifflin, 1967), Chapters 23, 25 and 76.

Speciai Reference: Trinklein and Fuffer. MODERN SPACE SCIENCE (Holt,

Rinehart & Winston, 1861).

Activities:

1.

A scale model of the solar system.
ESCP Investigation 23-4 Text 501-502
Teacher's Manual 633-635

Measuring the diameter of the sun.
ESCP [nvestigation 24-10  Text 530
Teacher's Manual 660-662

Investigating galaxies.
ESCP Investigation 25-7 Text 547-548
Teacher's Manvel 677-67°

Gravity and inertia must be in balance ir order for a planet or satellite
to stay in orbit.

Materials: a piece of strong string about 5 feet lorg
3 or 4 heavy fiat washers
a spoo! {or short length of glass tubing)
a rubber stopper (or some cther heavy but soft object)

Pass the string through the spcol, attaca the washers to cne end of the
string and the stopper to the ctaer {see illustratiun). Holding the

spool ahove your head, twirl the stopper 2t proper speed sc that the ball
and weight balance each other. Let the string represent the force of
gravity attracting the pilanet (stopper) to the sun (spool). MNow twir?
the stopper with greater force and observe that the stopper moves outward.
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As the demonstration is performed, raise the following questions: (1)
What happens to the period of revolution of the stopper as the radius of
the string becomes greater? As the radius of the string becomes less?
(2) what would happen if the string were to break while revolving about
your head? Why would this occur?

Relate this demonstration to Kepler's third law, the more distant a

planet is from tne sun, the slower it travels in orbit about the sun.
Suggest a comparison with Newten's law of gravity: as the distance
increases between objects, the gravity decreases, thus the slower orbital
speed. Point out one important difference between ocur analogy and planats
in motion about the sun. There is a mechanical connection, the string,
between your hard and tne stopper you are twirling. There is no mechanical

connection between the sun and the planets.
,’»N“‘\

12




LESSON 3

THE E/RTH - MEMBER GI' THE UNIVERSE

I. Sun

is Just one of about 100 billion stars in a galaxy called The M}]kx Way.

There are more than 1 billion galaxies within reach of the 200-inch Hale
Telescope and many more than that in space.

A,

I1. Our
A.

B.

Galaxies are classified according to their appearance.

1. lIrregular - As name implies, they have irregular boundaries. There
are great quantities of gas and dust. Some appear to be rotating
and have the beginning of arms. Most stars in these galtaxics are
large and appear youthful.

2. Spiral galaxies - Have one or more spiral arms rotating about a
relatively dense nucleus, Stars in the central hub are thought
to be older than those in the spiral anms.

3. Elliptical galaxies - Are symmetrical and range from eilipsoids
or disks to spherical in shape. There is little dust or gas
possibly because the material has already been formed in the stars.

own Milky Way Galaxy appears as a band of 1ight across the sky.
A spiral type galaxy (diagram). Diameter 80,000 light years

Model: 1 inch = 1 Tight year
Andramgc’c« ga/axv-QOmf/es

— = away visible onty s a small

- -~ 7 blur without a te/escapo.
— -7 b Cals ic
4.’7 . ,:‘ "‘\'157,.9 r
L

T~ - | W_~average Star Stars More Ciosery

S 4 Dlsran'e 2-3/n. Pachked Here

-~
< -

Bomi ——— g - Hort e Ym >

(Every star which can be seen with the naked eye as a single point
of light is in our own galaxy. Only the largest telescopes can
pick out single stars in other galaxies.)

C]ose;t star distance from earti in gilaxy-Alpha Centuri (4.3 light
years).

The sun is about 2/3 of the way out from the center of the galaxy.

1. The sun and its solar system are traveling about tho galactic
center at a velocity of 500,000 mi/year.

2. One complete trip around the galaxy requires 250 million years.

1d



LESSON 3, Page 2

IIT. The Solar System

A. Our solar system consists of nine planets, comets, asteroids, meteorites,
dust particles, electric fields, magnetic fields, and light all moving
about the sun. The Egyptian astroncmer Ptolemy davised the first solar
system in 13G A.D. The Ptolemic Universe was earth centered--earth was
fixed, and the seven known planets were assumed to travel around the
earth in circles called deferents. The planets moved in circles called
epicycles which traveled along the deferents. Those were used to
explain retrograde motion in the planets. As time went on, the system
increased in complexity as individuals attempted to explain various
motions until the system became extremely compiex.

Copernicus {16th century) proposed a sun-centered universe. (This had
been done much earlier but was not accepted - Greek scholar Aristarchus
of Samos, 3rd century B. C.)

B. The sun is an "average" star.
1. Radius = 696,000 (6.96 x 10°) Kn.
2. Mass 1.99 x 1030 Kg or 332,000 times that of earth.

3. Thermonuclear fusion Drovides the energy which makes 1ife possible
on the earth.

C. Planets

1. Mercury - a. Smallest planet

b. Closest to sun (36,000,000 miles)

c. Rotates every 58.65 earth days; revolves about
sun oace every 88 days. (Until 1965 Mercury
was thought to rotate and revolve cnce every
88 days. Then Rodas observation proved that
the rotation required only 2/3 revolution.}

d. No atmosphere 0 o

e. Sun-facing surface temperature (340°C; 563°F)

f. So small, gravity is only 3/8 that of earth

2. Venus - a. Second planet out from sun (67,200,000 miles)

b. farth's closest neighbor (26,000,000 miles)

c. Cloudy atmosphere, no oxygen (72 - 98% COZ;
atmospheric pressure 7 - 15 times that of
earth) o 0 o

d. Tempgrature varies from 45°C (1147F) to 280°C
(5367 F)

e. Rotates clockwise -
once every 243 earth days

f. Yeir is 224 earth days

3. Earta - a. Third planet out fraa sun at a mean distance of
Q 9:,0n0,090 miles
]EIQJ!:‘ b. Average temperature 56%F.
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c. Day - 24 hours
d. Year - 365 days
e. One natural satellite

4., Mars - a. 4th planet out (142,000,000 miles)
b. Rotates every 24 hours, 37 minutes, 22.1 seconds
c. Revolves 687 earth days
d. Temperatu e range - 709C (-100°F) - +31°C (+80°F)
e. Atmosphere mostly CO2; surface pressure 3/4 that

of earth

f. No magnetic field

5. Asteroids - fragments ranging from dust size to 480 miles in

diameter,

NOTE: 1 - 4 Inner planets

6. Jupiter - a. Mean orbital distance 484,000,000 miles
b. Volume 1,300 times that of earth
¢. Density 1/4 that of earth
d. Atmosphere - hydrogen, methane and ammonia
e. Gravity at surface is 2.5 times Lhat of earth
f. Rotates once every 9 hours, 50 minutes
g. Revolves 11.9 earth years
h. 12 known moons
i. Thought to be composed largely of liquid and gas

7. Saturn - a. 889,000,000 miles from sun

b. Revolves once every 29% earth years

¢, Rotates once every 10 hours &and 14 minutes

d. 95 times larger than the earth

e. Rings {171,000 miles in diameter and 10-20 miles
thick

. Has 10 moons

Atmosphere - surface clcud covered

Composition probably mostly gas

8. Uranus - &. Composed primarily of gas

b, Diemeter 4 times that of earth

c. 1,784,000,000 miles from sun

d. Revolves once every 84 earth years

e. Rotates once every 10 hours and 49 minutes
f.

Axis of rotation lies in orbital plane

9. Neptune - a. 2,800,000,000 miles from sun

b. Qrbits once every 165 years

c. Diameter 28,000 miles, density 0.4 x earth
d. Cemposition gasecus

e

2 moons

10. Pluto - a. Discovered 1930

Q b, Diameter estimated 36,000 miles .
ERIC c. Orbit varies fron 2,700,000,000 miles perihelion

to 4,600,000,000 miles aphelion
d. Orbit requires 248 years
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D. Plane of Rotation
The planets of the solar system all revolve in a band which varies
from & perfect plane by a maximum of 7° with the exception of Pluto.
Thus, they move in a band of sky known as the Zodiac.

1. Constellations found along band known as Zodiac:

a. Aquarius g. Leo

b. Pisces h. Virgo

¢. Aries i. Libra

d. Taurus J. Scorpius

e. Gemini k. Sagittarius
f. Cancer 1. Capricornus

E. Ecliptic is the path along which the planets appear to travel on the
celestial sphere.

- ,/',' ’.
"/’/ //// S ., y/
- / //// //// /////4

-Celestial sphere - A sphere of infinite radius with all the stars
except the sun located on its surface.

Celesti¢1 equator- A projection of the earth's equator on the
celestial sphere.

Celtestial poles - The projection of the N and S poles on the
celestial spheres.

Celestial -
sphere

Celestial North Fole

Zodiac - Band
within which
planets appear.

-
PR el o




LESSON 4, Introduction

THE EARTH - PLANET IN SPACE

Objectives:

1.

To understand the motions of the earth.

2. To develop a concept of seasons on the earth as they are related to motions
in the solar system.

3. To develop a concept of time as a function of rotation.

4. Te comprehend the dimensions of the planet.

References:

1. THE EART! - SPACE SCIENCES, Chapter 12, pages 220-226

2. FOCUS ON EARTH SCIENCE, Chapter 1, pages 4-12; Chapter 2, pajes 24-35

3. INVESTIGATING THE EARTH, Chapter 3, pages 58-80 (Teacher's Manual 92-

119); Chapter 4, pages 82-102 (Teacher's Manual 120-145)

Special References:

Strahier. PHYSICAL GEOGRAPHY (John Wiley & Sons, Inc., 1961}, Chapters

1, 4, 5, 6

Trinklein and Huffer. MODERN SPACE SCIENCE (Holt, Rinehart & Winston,

1661), Chapter 4

Activities (involving equipment):

1.

Show the earth's rotation by means of the Foucault pendulum,

Materials: heavy metal ball (such as a 16 1b shot)
long wire (15 or 20 feet)
stee! hook
suspension bracket
room with high ceiling (gymnasium or auditorium)
Hook mounted on the wall

The heavy ball is to be hung at the end of the long wire, from a
suspension bracket in ceiling. The steel nhook must be sharpened and
rest in a depression ground in the bracket &¢s sketched belew. Pull
the pendulum aside and tie it by a fine thread to a hook in the wall,
When it has become perfectly still, burn the thread. This releases
the pendutum without any disturbance. The pendulum will continue to
swing while the room turns because of the earth's iotation. Since the
support is practically frictitonless, the rotiation of the room is not
communicated to the pendulum. In the northern hemisphere the south
end of the swing will gradually shift westward, and the change can be
noted in half an hour or more. Care should be taken that no air
currents disturb the motion.

The significance of this experiment can be explained by mounting a
simple pendulum on a rotating stoel. Any small heavy object can be
suspended from a <lamp mounted on a stand which is set on the stool.
Start the pendulum swinging, and then turn the 3to0l under it. The
pendutun keeps swinging *n same plane, which does not change when
stool and pendulum supnort rotate.

.y

¢
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1.

Coiling

‘t;tr________:f
é/‘—Hcavy we!gbt

This investigation can be simulated by demonstration. The materials
required include a rotating platform (piano stool, etc.), wastebasket,
stick, string, and a small heavy weight. Place the empty wastebasket
on the seat of the rotating piano stool. Tie a string to the weight
and fasten the other end to the stick. Place the stick across the top
of the wastebasket and start the pendulum swinging. Then rotate the
stool seat along with the basket. Notice that the path of the pendulum
does not change as the basket turns.

Investigating motions in the sky
ESCP Investigation 4-1 Text 84
Teacher's Manual 123-126

Investigating positions on a sphere
ESCP Investigation 3-2 Text 63
Teacher's Manual 96-99

You can measure the earth'
ESCP Investigation 3-5 Text 68-69
Teacher's Manual 102-106

Activitics (involving little or no equipment):

Netermine the apparent rotation of the sky due to the earth's rotation.

Materials: star chart
plumb Tine {string and weight). Instead of the plumb line,
the vertical edge or corner of a building will serve very
well, if such is available. Do not use posts or telephone
poles; they may not be exactly vertical.
pencil and paper
watch or clock

a. Choose a location from which the whole northern sky is visible,
including parts close to the horizon. Identify the North Star
(Polarisg. Big Dipper, and cassiopeia. Holding the plumb line
steady at armm's length so that it seems to pass right through
Polaris, cbserve carefully where its lower end appears against the
stars of the Big Dipper or Cassiopeia (or between them). Draw a
line on the star chart to represent this position of the plumb

14
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Tine, and note tne time to nearest minute. Make the same type cf
observation two or three hours later, mark 1ines on chart, and note

the tima. Also record the calendar date. In which direction does

the sky appear to turn? (Clockwise or counterclockwise?) Relate

this to the earth's rotation: 1if you looked down on the north pole

of the eavth, how would the earth seem to turn? (Clockwise or counter-
clockwise?)

Measure the anjle between the two lines with a protractor. How many
degrees is it? Calculate the change in deqrees per hour. From this,
calculate the time required for one complete rotation (3600), What
conclusion can be drawn from this result? How accurate do you think
your result is? This observation may be supplemented by photographic
star trails,

b. Stand in a particular spot tnat can be exactly identified later.
Identify one of the prominent constellations in the southern sky {e.g.,
Orion) and sketch its position relative to prominent landmarks
(buildings, trees, etc.). Note the time. Two or three hours later,
standing at exactly the same spot, again observe the same constellation,
sketch its position, and note the time. How does the change of position
of this consteliation fit in with the change you observed in the north?
Would its period for one complete rotation differ from that of the
northern sky?

c. Observe a constellation that appears low in the eastern sky, and
observe it two hours later. Explain the changes.

d. Observe a constellation that is about midway up in the western sky,
and observe again two hours later. Explain the changes.

Drawing the earth to scele ES:- Text 73
Teacher's Manual 107

Spinning bodies precess on their axes, Obtain a sm&ll toy gyroscope or
wooden top. Start the top or gyroscope spinning and place on any flat
surface. Notice as the spinning slows that the axis will begin to wobble
or precess.

Using your school flagpole or any other tall slender ocbject, record the

shadow made on the ground at noon several times a month during the school
year. {See Strahler, PHYSICAL GECCRAPHY, pages 87-88.)

19



LESSON 4

I. Motions of the Earth
A. The earth's notions can be summarized as follows:

1. The sun and its solar system mave with the 9alaxy and rotate
about the galactic center,

2. The earth rezvolves about tie zun.
3. The earth rotates and precesses on its axis.

B. We have discussed the path of the sun in tha galaxy and it can be
summed up as being located about 2/3 (27,000 1ight years) of the way
out from the center of the galaxy and traveling about that center
at a speed of 220 ¥m/sec {136 mi/sec). Therefore, it takes about
220,000,000 vears to complete one revolution about the galactic center.

C. Tine revolution of the earth about the sun enables us to detemine a
year,

1. Because of the tilt of the earth's axis the seasons occur.
a. The tilt of the earth's axis is 2340 to the orbital plane.
b. The tiit is always the same--the Narth Pole is always oriented

towvard the pole star, Polaris.
¥ Vernul equinen Mareh 21

tasdy - = -
' [} - =~ N . .
- r ~ Aretic Cilrcle

rr Eayatenr S

E o December 22
Sun Winler $o/stice

Junrne 21' . s
Summer 50/5t¢ce -~
~ Y] -~
~ - - -

--:Se,ntember 23

Aufumna.’ eq_u:'nox

2. On March 2! {vernal equinox) the sun first shines on the North
Pole.

a. The sun is directly overhead at the equator.

b. Urtil September 23 the sun will be seen directly overhead
north of the equator,

3. On June 21 (sumer solstice) the sun reaches the most northward
positicn where it is directly overhead.

2, Tnis oo5itien is lecated at 23-° norih latitude and is called
the Tropfc of Cancer.

b. At any poirt norty of the Tropic of Cascer, the sun will always
be seen in tae southern nart of the shy.

Fi Ve ]
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¢c. The sun does not appear above the horizon within the Anarctic
Circle on this day (66%° south latitude).

4. On September 23 (autumnal equinox) the sun has returned to a position
directly overhead at the equator.

. The sun will now be seen for the first time at the South Pole.
b. The sun is not now visible from the North Pole,

5. On December 21 {winter solst1ce} the sun is directly overhead at
the Tropic of Capricorn {23%° south latitude), This is the farthest
point south of the equator at which the sun will be seen directly
overhead.

a. At the time of winter solstice, the northern hemisphere receives
the least heat from the sun.

b. The lowest winter temperatures occur after this date because of
the "lag" in heating and coeling of the earth.

€. Sun does not rise on this day within tne Arctic Circle (66%0
north latitude).

6. The length of time from one varnal equinox to another is known as
a Tropical Year (365 days, 5 hours, 48 minutes, and 46 second:).

D. The rotation of the earth on its axis establishes a measure of time
called a day.

1. The earth rotates 360° in 24 hours.
a. 360° divided by 24 hours equals 159 per hour.
b. Thus an hour is equa] to rotating 15° or traveling around the

earth to a point 15° east or west of the starting location.

/5 °
Eocater

c. 3Since the earth rotates from west to east time progresses from
east to west.

d. The contiguous United States has four time zones.

(V) Eastern Standard Time
(2) Central Standard Time
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{3) Mountain Standard Time
(4) Pacific Standard Time
2. The ietation of the earih may be demanstriied by:
a. The apparent motien of the sun from east to west.

b, Th

w

appaient r~tation of stars abaut the pnle star, Polaris,
c. Tne Fouceult pendulum,
d. More recent nethods involve the use of sateltites.

(1) Sat:1Yites trave) about tne earth in A sinole orbital
plana.
(2) As the eartn votates, ine satellite's orbit appears to be
siipping westward,
E. The earta wobbles on 1ts axis. Tais mation is called Precassion and is
like th2 spinniny of a top 25 i {top) slows cuown,

1. Tre earth's axis siowly makes 2 civcle, taking 26,002 years to
comilete one circle.

2, This circle alsp varies stigntiy due to the uneven pull af the
mecy and the sun.

IT. Size and Shipe of the farth

A, Firat daterainad by Sratostrenazs (Greek nakismefician 2nd astronomer,
about 2)0 &.C.)

Stadiun - (Staed' ez ua) - ancient wait of Jictapce egqro ! to atoput
135 neters,
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Measurement amazingly accurate
Eratosthenes’' measurement = 26,660 miles
Present day value at equator = 24,902 miles

At the time he accomplished this, he was the head of the library at
Alexandria which was the c¢reatest instituticn of learning in the ancient
world.

B. The earth was considered round until Sir Isaac Newton reasoned that the
force of rotation was powerful enough to cause a silight flattening 3t
the poles. This was proven in 1743 when the earta's circumference
at the equator was found to be slightly greater than the rnircumference
around the poles.

C. The earth today is treated as a slightly pear-shaped bedy with bulges
at the north pole and below thgvs%uator in the scuthern hemisphere,

,in\\‘-—rdea/ form

ras Y,
2597 e

Sphercid - a figure slightly different from a spiere,
OCblate - flattened or denressed at the poles.

D. Earth statistics

Axes Length N/S Axis Equatorial Axis
(1960) US Army Map Secvice 6,373,160 ni 6,356,778 =i
(1909) International St...dard £,378,383 mi 6,390,912 mi

Values 7or earth radii are adopted by the International Union of
Geodesy and Geophysics.

Polar radius 3,951 m les 6,357 Km
Equatorial radivs 3,964 miles 6,378 Km
Mean radius 3,960 miles 6,357 Xm

[1T.  The Mass and Density of the Earth

A. llewton's Law of Gravitation say. that the force of attraction between
tvo objects depends upon the miss 27 cach

B. Scientists have cdeveloped a delicate pendulun, with which they can
reasure the force of gravitv between tws standard weights, This
value ¥s called the gravitational constant,

Q C. Once the gravitational ¢-nstant was kngwn. the nass of the earth could
E]{Jﬂ: be detemined. The mase 3¢ 5,98 x 167 gra=s (0.0 x 102) tons).
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Knowing the size and shape of the earth, we can calculate its volume,

~

4 TTr3 € 4 x 3.4 x (3,690)3 % 260 billion mid
3 3

Density is the relation of mass to volume.

mass

Density =
v volume

Therefore, knowing the masg and volume of the earth, we can detemmine
jts density. (5.522 gm/cm?)

2%



LESSON 5, Introduction
LOCATICN AND MAPPING

Objectives:

1. To insure an understanding of locating a given point on the earth's surface.
2. To develop @ concept of the problems involved in portraying a sphere on a

flat surface. ) )
3. To introduce mapping illustrating a map's uses, function, and organization.

References:
1WY/ESTIGATING THE EARTH, Chapter 3, Index
Special References:

Strahler. PHYSICAL GEOGRAPHY (John Wiley & Sons, New York), Chapters 1 and 2
Namowitz and Stone. EARTH SCIENCE: THE WORLD WE LIVE IN (Van Nostrand, New York),
Chapters 5 and 29
AP READING FM 21-26. Army Field Manual. Superintendent of Documents, U, S.
Govarnment Printing Office, Washington, D. C.
Teacher's Packet of Geolecgic Materials: 1. Topographic Maps Pamphlet
2. Geologic Maps Pamphtet
HMAP PROJECTIONS FOR MODERN CHARTING, U, S. Coast and Geodetic Survey

Activities:

1. Investigating positions on a sphere.
ESCP Investigation 3-2 Text 63
Teacher's Manual 96-99

2. Map Projections P 6-7, Project Ideas in the Earth Sciences, teacher's packet
of geologic materials.

3. Projection problems. Place a light source inside a boiling flask on which

you have previously laid out a geographic grid. Try setting up various
types of projections and see what types of distortion occur.

ERIC 29
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LABORATORY ACTIVITY: TOPOGRAPHIC MAPPING

In this activity you will review the fundamental features 0, Topographic
Maps and the methads involved in their reading. Feel free to refer to
the accompanying map.

1. Name the type of feature indicated in a topographic map by «ach
of the following colors:

a. Blue d. Brown
b. Black _ ) e. Red (overprint)
¢. Green

2. Show three ways of indicating scale on a map,
a.
b,
c.

3. What is a contour line?

4, What does contour interval mean?

5. In what type of terrain is it best to use:

a. A smal) contour interval

b. A large contour interval

6. In the spaces below show each of the followirg features using
contour lines:

g. A V-s?aped valley in which a stream i flcowing (use ¢ contour
lines):

20
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b. A hill 4 contours high:

c. A depression 3 contours deep:

d. A ridge with two peaks:

7. Using a scale of 1" = 1 mile and a ten foot contour interval draw
an island with the following characteristics. The island is three
miles wide North-South and five miles long East-West, The island
reaches a height of 90 feet and slopes gently Westward from a
peak on the eastern end of the island. A stream flows down the
Eastern slope and a cliff-l1ike slope marks the Western end of the
istand.
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8. The map below represents an area whicu has been surveyed but in which
the contour lines nave not been drawn. Two contour lines have been
drawn to nelp you get started. WNow it's up to you to complete the

map. Before you start, explain way a contour interval of 20 feet was
chosen.

,'./': o4 /' . 9:,___,.———-—"':&/;7__4
- T 57 ‘o
1 e

N - . 3T
v3& 20 o y#'
! 33 3'9' T
. 3%t
2¢
4 ')
IR
‘—_’/—-—“—".—"‘—' —————sem b
a8
» ‘g
L3 o 15
. K3
01; ? ‘\% 'lo

9. Measure the distance along the creek shown from point A to point B.
Use the straight <dge of a piece of paper to mark off the distance
and compar= it with the graphic scale.

\” - —‘A_\___>/“"~\/K
» A . —~—
5

10. Onz of ti2 wost valuaole teconiquzs that can o: used with topograpnic
mans is a orofile or cacticn. A profile or section is a siluouette
of ts2 clavations aloma a aiven line. It siows vhat tae land would
Ton: Vice if cut veriically along toat Das2 lin:  To construct a
saction, place a strip of paner along tee vas2 line ~on - wothe
poiste ohzen the roataur lines and tae base line intersect. tritc
the elevations next o cach point oo the strip.  Construct a series
of linas at earn Slaystion.  {Tais acs teen done Tor vou in the
first tiree examples.) Transfer toe elevations f-oa tha strip to
il Tine and connact the soints with o saoutn line.  This line s a
aorofile or sectinn of the terr2in 3long the base lire.

ERIC
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Example:

@J ‘Z // \\
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10 £t. interval A A

Section a.
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Section c.

Section d.

30




LESSON 5
LOCATION AND MAPS

I. Location
A. Direction on the eurth

1. I¥ the earth did not rotate, Incating a pos1t10n on its surface
would be very aifficuit.

a. Spheres have no top, bottom, or sides.
b. Directions can only be defined if some reference point is given.

2. Since the earth rotates, the ends of its axis (north and south poles)
provide the reference points needed to determine direction.

a. The north-south direction extends along a line connecting the
two poles.

b. 'The east-west direction extends along a line at right angles to
the north-south line.

3. The basis of today's system was invented by the ancient Greeks.

a." They devised the imaginary line system of north-south and east-
west directions.

b, Ancient Greeks helieved the world was round.

¢. These lines crossed Greece since it was considered to be the
center of the world.

{1) Places were located by their distances from these lines.
{2) The system ‘ater expanded to include seven lines, each
passing through an important city.

8. Location on the earth can be established by sighting heavenly bodies.
1. Polaris, the star located nearly over the North Pole can be used
to determine position. (Other stars and constellations can be
used in a similar manner, but this metrod involves more calculations.)

2. The sun, since it appears to rise in the east and set in the west,
can be used to deteniine rast and west.

3. Locat1ng direction and position by observation of heavenly bodIes
is called celestial navigation.

a. Celestial navigation is one of the oldest and most widely used
methods of navigation.

b. Latitude {in the northern hemisphere) is established by sighting
the angle of Polaris.

c. The Zenith is the point directly overhead in the sky {9G°),
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d. The angle of the horizon is 0°.
Zeni((th

C. ‘latitude--In describing position on the earth's surface, changes in
a north~south direction are indicated by use of a system of lines
parailel to the egquator.

1. This system of lines on the earth's surface is determined by
celestial sighting.

2. The distance from the equator to either of the poles is 1/4 of a
full circle or 90°.

3. The equator is labeled 02 latitude. “7iaris is visible on the
horizon (0° anjla).

4. Positicns north or south of the equator are aiven in degrees (9),
minutes ('}, and seconds ("), plus 3 symbol to indicate north or
soutn latitude.

a. North latitude includes all parallels between the equator and
the North Pole.

b. South latitude includes those between tne equator and the
South Pole.

5. A degree of latitude is equal to aporoximately 70 miles.
a. 1/60 of a degree is one minute or about one nautical mile,

b. 1/60 of a minute is one second cor about 100 feet,

90 °
o
/\ ‘~—--"/‘ P
e T = 4

W= et o

0. Longitude--the east-west pusition of a place,

1. A meridian of longitude is an imaginary line drswn from che Horth
Pole to the South Pole.

a. Meridians are divided in the sare manner 3s parallels into
deqrees, minutes, and aecondx.
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b. Since there is no natural starting place, an initial or orime
meridian was established by international agreement.

c. The prime meridian (0°) passes through Greenwich, Fagland, and
locations are given in east or west longitude from that point.

{1) East and west lonjitudes each extend only halfway around the
earth.

(2) The 180° meridian (directly oppoasite the 00 meridian)
separates east and west longitude.

2. Longitude is more difficult to determine than latitude because it
involves the measuring of local time at 3 place and comparing it
to the time at Greenwich at ths same instant.

a. The earth rotites 360° in 24 hours (15° per hour),
b. Each 15° of lon3itude equals one hour of time difference,

c. This time is jocal sun time, nat necessarily tne “"standard
time-zone time."

d. Because time sequences run for only 12 hours, lorgitude must
be given both "East of Greenwich" and "West of Greerwich.”

E. Location--To fix the position of anv lscation on earth, Tatitude and
longitude coordinates must both be givea. {Exceptions: North and
South Poles)

1. Example: Washington, D. C. 3580 53' N; 77° 1' W.

2. Magnetic Pules

a. In navigation, t.~ mox* fnrnriant farior = . ¢ir. vion of
travel. dne way of giforrindro tLis d- Uy cemnas:,

(1) The magnetic copass i: bhesically a nanetized needle.
o {3) The earth is 3 aient m:zinet whose lines of force run
in 3 narta-scuta divection,
fb) The necdie »f anv magneifc cemniass tends to Téne un
with the ecrtn's a3gnetic {ield

F - Thar rymmemmt s e nen e

N R
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(d) The locations of the magnetic poles vary from place to
place and from time to time.

(e) The difference between magnetic north and true north is
called magnetic declination.

(f) Magnetic declination is measured in degrees east or west
of norty and is saown en special "isogonic" maps.

{a) Magretic declination i3 shown on other maps by means of
a deciination diagram.

‘A“

Mapnet:’c —-
declination

A
A

L~
L

gre 3re several othe2r typcs of comnasses.
} Ayro conpass
) Radio crmpass

b. Colestiz) sighting is also used to detzraine truc direction.

3. Mapping
a. Functions and %ind;

(1) Maps are necessary and impartant to man.

{a) There are many tvpes f meps--roxd mazs, political mas.
geoyrapnical maps, westher maps, climatalagical man-,
topograpnic maps, geolojic maps, aycr-logic mans, and
navigational chirts--to name hut a te..

{b) Each kind of m3p is adspted to serve a particular pur ase,

(2) Maps serve to quic2 men from place to nlace, 2id in Stiasiny
a particular area, oring the e--fa's surface int2 tne
laboratory, cut costs énd speed uz engineering work or viaiaing.
and assist with many other functicns

b, Map Projections

{1} Sirce tre eartn j: szherical, it can he 3
distortizn anly an aantiher sohere (31nbe)
(2) Any atterpt to tranifor tae curved surface of the earth
tire flat plane of a nap introduces distartion.
(@) Mans of zmall areas 7 th2 carth's surface have onl-
slight distortion
(b) Mans of larde areas tend tn have great distorticn.
(3) Projecticns are methnds of transferring the curved surface
of the earth onto the flat (plare) surtace of a map,
(@) NO projection can be made thit avoids all distortion.

bayn without

o {b} Some projection: stow shape cerrectly while others shes
]EIQJ!: directions carrectly.
P v (c} For any aiven map, the projection must be chosen according

to the nceds of tae user
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(4) Types of prajections
(a) Projections based on a cylinder

.

.

Cylindrical projections represent equatorial areas
accuraiely but have great distortion in the polar
areac.

Mercator {a iype of cylindrical projection) spaces
the parallels farther apart in the higher latitudes,
gives the land proper shape but exaggerates size, and
is useful in navigation because all compass courses
are straight lines.

(b} Projections based on a plane

Geomonic (a1l but very small areas badly distorted).
Great circle routes are shown as straight lines.
Polar projections are geomonic projections of the
polar areas. They are nomally used because they are
the best of the possible projections for polar areas.

(c) Projections based on a cone

Conic (shows a relatively small area distortion "free").
Polyconic (uses a series of cones fitted together to
form a larger distortion "free" map). Most maps used
for field work or to portray land surface in the Y. S.
utilize polyconic projection.

3()
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MAPPING

Ubjectives:

1. %o develop an understanding of how maps are constructed.
2. To develop a concept of the function of contour lines.
3. To develop a facility in reading and interpreting topographic maps.

References:
INVESTIGA.ING THE EARTH, Chanter 3
Spec.al References:

Strahler. PHYSICAL GEOGRAPHY (John Wiley & Sons, Inc., New York), Chapters 1,
2 and 3
Namowitz and Stone. FARTH SCIENCE: THE WORLD WE LIVE IN (Van Nostrand, New
York), Chapters 5 and 29
MAP READING FM 21-26. Army rield Manual, Superintendent of Documents, (. S.
Government Printing Office, Washington, D. C.
INTRODUCING MARVIN MARKER. U. S. Coast and feodetic Survey, Washington, D. C.
Teacher's Packet of Genlogic Materials: 1. Topographic Maps i'amphlet
) 2. Geologic Maps Pamphlet
3. Index to Topographic Mapping for
North Carolina

Activities:

1. Investigating maps as models
ESCP investigation 3-9 Text 76-7?
Teacher's Manual 102-113

2. Make your own map.

Survey your 3choo) ground by pace and ccmpass or build the plane table and
rod shown below end then, using pace and dirvection, draw & contour map of
the area. Use a scale like ) inch = 10 feet. Do rot try to survey every
noint--just locate a series and carsfully sketch in the contours between
paints

Make your own pléna table from 374 dinch plywood and cut it 18 inches wide

by 24 inches long. Make the tripod by cutting a & inch circ.e and fastening

three 1" x 3" pieces of wiod to it as shown. Cuv 6 pieces for legs, 3/8"
wide and 3 3/4' long
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Attach them to the tripod base with screws and fasten them together at the
bottom with screws. Orill and countersink a hole through the tabje and
tripod base. Mount the plane table to the base with a bolt and wing nut.

Construct your stadia rod from a piece of 1" x 2" wood at least 6 feet long.
Mark the rod off in feet and inches and paint it in contrasting colors (for
example, black or red on a white background}.

Your alidade car be made from a ruler. Bend two strips of metal and notch
each as shown below.

Tﬂ teh —

2 r—-no [ l

x| - T M %
Fe—— 48 ———— K

Glue the strips to the ends of ruler and, if possible, also glue a small

bubble level to the ruler center.

< sights ———>=

level
L I—é_l

Map Revisicn, Page 7, PROFCT TDEAS IN THE EARTH SCIENCES, Packet of Geologic
Materials.

3+




LESSON 6
MAPPING

I. Basic Map Design {all maps contain the following infrymation.)
A. Compass direction

1. The standard method of showing direction on a map is to make the top
of the map north.

2. As you look at a map, the top is rorth; the bottom is south; the
right is east; and the left is west,

B. Latitude and Tongitude. Because of the standard map orientation, the
meridians run from top to bottom and parallels run from Teft to right.

C. Declination diagram. Since magnetic north and true north are usually
not the same, a diagram is used to indicate the difference.

A

D. Scale - the relationship between distance on the map and distance on
the ground. Scale may be shown in three ways.

1. Graphic Scale:

2, The representative fraction (RF) is expressec as a fraction.
For exemple, 1/10,000 means that one unit of any kind on the
map equals ten thousand of the same units on the ground.

3. 2rbal Scale - a worded statement of scale {example, "One inch
cquals a mile."

4, Tne other symbois and information shown on a map will vary
according te the purpose of the man,

IT. Topojraphic Maps:

Although the earth sciences emaloy nearly every imaninable tvpe of map, we
shall discuss topographic maps as a beginning point becausz they are the
most comnonly used type of map.

l:[{\!::A A topographic map is a graphic representat1nn of selected man-made and
natural features of a portion of the earth's surface plotizd tn a given

scale.

wll Toxt Provided by ERIC

[ 5 T

A B e SR
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E.

1.

The distinguishing characte. ‘ic of a topographic map is .he
portrayal of the shape and ei. - “3on of the terrain.

Trey also show the Tocation and shape of mountains, valleys, and
plains; the network of streams and rivers; and the principal works
of man.

Making Agencies

The governments of most countries make topogranhic maps of their
territory for military, scientific, and commercial use.

The United States Geological Survey is responsible for topographic
mapping in the United States and its territories.

Making a Topographic Map

1.

Survey crews establish a triangulation network of known distances
between prominent points on the ground.

a. A base line is established.

{1) Very accurate measurement is required wien establishing
a base line. A special tape is uzed, 160 feet long, and
Taid down 33 times per mile.

(2) The base line is five miles long and is measured and
remeasured until the measurements average five miles and
one inch-

b. Using a transit, angles are measured to a third point from
the ends of the base 1.ne comp.eting a triangle.

"~ \ Point
oS o I Noof krewy
N N Jfocatiom
. 7/
“ ~ \
S AT N ,"‘“P/ecise distance
~ . ;
——————— -;\‘.4‘_ > :\'_‘, lieiuaen prints
P ‘\ ' ‘\ R ’2 Anewn
4 N ! \ A}

These triangles can then be exterded to establish a series
of points whose positicns are known precisely.

c. A second survey establisnes points whose elevat1on is
precisely known as leveling

d. The points of known location end elevation are warked with
brass markers known as "bencn markers "

High altitude acrial photographs are made of the area to be mapped.

The photeyraphs are precisely locsied hy pinpointing the bench
marks on the photographs.

The photoqrapns are Cﬂrnﬁlatod in the ctoren oa < and projacted

Al
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picture of the earth's surface, the compiler completes a rough
map .

5. The completed rougn map is field checxed by a team of men who
add names and correct any errars or make changes to bring the map
Jp to date. -

6. The corrected map is p>rinted and distributed.

a. The U.S.G.S. has publishad maps in 1% minute and 7% minute
series covering more than one-nalfi of taz United States.

b, For the current map coverade in North Carnlina, consult the
Tree map index.

NATTONAL TOPOGRAPHIC MAP SERIES

STANNARD NUADRANGLE
SERIES SCALE 1" EQUALS NUADRANGLE SIZE AREA (Mi2)
7 1:24,000 2,000 ft L ox 4a - 70
15" 1:52,599 Asaut 1 mi 15" x 13" 197 - 222
Alaska 1:63,360 xzctly 1o 15" x 29-36" 207 - 281
U. S. 1:250,000 Near]v L 10 x 2° 4,579 - 3,669
L. S. 1:1,000,000 Abaut 6 i 19 x €° 73,724 - 102,753

NOTE: A3l meps puhlisaed bv the J.S.G.5. utilize anlycenic projectina,

D, Reprezentina focatures M tepdy3rpnic mans:

1. Man-made Teatures and m3av natin=1ly sccurring feaiures are shown
on mans by mexns ~f cyihals ov colors,

2. Tne U.S.G.S. a3s es*t2blisaed 3 uniforn series of synhols and calars,
(Cee r\a~qrapnic aps a@palet, Teicner's FPacket oF Geolegic

Materiils. )

E. Tae snane of the 1:nd crn 22 shoun several wavs,

The shade of 1 land surface iz oHrincipially a fuaction of iis relief.
Tne relie’ of a land surfare i< tse variskion o heiant of the surface
related ta zealopnd.

V.o Pelicf mar D2 shoun severs) wayc,

a. Relief map<-miniature madels 2f the Y. ¢ <urface.
b. Hatchures or <hoit stradant 1ines dragn in the direction that
Q water woule tabe in floving down slop-.
]EIQJ!:‘ Colar-shading frow green to dvk brews cescribing high nountains.
T d. Cont~ur Tinos-Tiras =«n 3 =°p doining 211 points en the surface
1winy the seme elavatinsn,
T 4L —

[p]
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2.

How contour lines work {rules for contour lines):

a.
b.

Je

A contour line connects all points of the same elevation,
Contour lines are shown for all elevations which are multiples
of the contour interval.

(1) Contour interval is the difference in elevation between
lines. For example, when the contour interval equals ten
feet, then contour lines are drawn at 0, 10, 20, 30 feet.

(2) The contour interval usad varies according to the size of
the map and the topography of the area.

(a) Normally, 10-20 foot intervals are used.
(b) Steep mountains, 50-10C foot intervals.
(c) Flat plains, 1-2 foot intervals.

Index contours are heavier gnd darker than other contours.
They are broken occasionally and the elevation is given.

An x or BM (bench mark)} indicates a point for which the exact
elevation is known.

Contour spacing is an indication of slope.

(1) Wide spacing indicates a gentle slope.
(2) Close spacing indicates a steep slope.

Contour lines never cross. (They may appear to do so in the
case of overhanging cliffs.)

Contour lines never split. (They may appear to when they
separate after running together along a cliff.)

When crossing ¢ stream valley, contours bend to form a V-shape
pointing upstrcam,

Contour lines fonn closed 100ps indicating a hill., (They may
close off the map.)

Hatchured contours indicate a depression.

Flaces on a map may be located in four ways:

a.
b.

C.

By latitude and longitude designations.
By direction and distance from a specified point.

By rectangles.

e
»
- -
o n v
]

<
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LESSON 7, Introduction
THE ATMOSPHERE AS A HEAT ENGINE

Objectives:

1. To derive an understanding of the r'omposnlon and structure of the atmosphere.
2. To understand the methods by which energy is introducec into the atmosphere
and distributed.

References:

1. THE EARTH - SPACE SCIENCES, Chapter 18
2, FOCUS ON EARTH SCIENCE, Chapters 9 and 10
3. INVESTIGATING THE EARTH, Chapter 7

Special References:

Wolfe, et al. EARTH AND SPACE SCIENCE (D.C. Heath & Co., Atlanta), Chapters 26,
27, and 28

Strahler. PHYSICAL GEOGRAPHY (John Wiley & “ons, New York), Chapter 7

WEATHER AND CLIMATE IN NORTH CAROLINA. Agricuitural Experiment Station, North
Carolina State University, Raleigh

LOA TEMPERATURE PROBABILITIES IN NOR|H CAROLINA, Agricultural Experiment
Station, North farolina State University, Raleigh

Activities:

1. Investigating radiant energy.
ESCP Investigation 7-1 Text 156
Teacher's Manual 199-201

2. Investigeting land and water temperatures.
ESCP Investigation 7-10 Text 172
Teacher's Manual 209-212

3. The surface of the earth is unequally n-2ated by solar radiation.

Materials: screen wire
slide projector
large globe (12-16" diameter)

I1luminate the globe by the light of the projector. Place the screen wire
in the projector as if it were a slide. Focus so that the screen mesh may
be seen clearly on the globe., Point out that the amount of light and heat
passing through each square of the screen is the same., Note that where
the light strikes the globe most directly, the squares are smallest and
indicate the qgreatest concentration of heat and light. The larger squares
at the two polar regions represent a low concentration of heat and light.
Note that the same situation exists at sunrise and sunset on the globe.

4, Measuring the sun's power. B8ell Telephone Company, Science Experiment No. 2,
Q  pp. 6-10,

42



LESSON 7

THE ATMOSPHERE AS A HEAT ENGINE

I,

IT.

The Atmosphere

A,

The atmosnpere is a mixture containing nitrogen (78%); oxygen (21%);
other gases, principally CO2 and araon (1%); and suspended water vapor,
dust, and other particles.

At Teast three cycles operate within the atmosphere that are vital to
life.

1. The Carbon Dioxide Cycle - maintains the balance between 1iving
things and gases 1in the air.

2. The Nitrogen Cycle - nitrogen is converted by bacteria into
compounds necessary to plant growth.

3. The Hydrolojic Cycle - cycle nf water vapor, evaporation, conden-
sation, precipitation,

The 3tmosphere tends to be layered.
1. Tne iropasphere - the earth's surface layer, 5-11 miles thick.
a. MWithin this layer, our weather phennmen3 occur,

b. The teuperature decreases with increasing altitude (3.5°%/
1,000 ft.)

2. The stratosphere - from the upper troposphere boundary to about
30 miles nut from the surface of the earth.

a. There are no clouds, only some ice particles.
b, The temnperature tends to remain constant.

3. The mesasphare - from 30 to about 55 miles out from the surface
of the earth. The temperature drops with increasing altitude.

4, The ionosphere - ionized Tayers above tie mesnsphere extending out
ta about 300 miles (atnnsohere extremz2ly thin),

The Sun's Energy Affects the Atmosphere

A.
G.

15% of the sun's energy ic absorbed by the unper atmasphere.

42% of the sun's eneray is reflectad by the clouds and the atmoschere,

43. o7 the sun's energy nenctvates to the surface ot the earth,

1. The aiount a7 eneryy absarbed depends rn the type of surface
{albodn): snow (25%), water {60-96%), grass (80-20%), sand (75%),
forest (35°), ploved fields {75-95%).

2. The short wavelenith enaray dhcorhed by the sarth dc yevaditod oe

D .
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1T,

3. The otmosphere retards the passage of the heat energy into space
and is heated as a result.

4, Tnz rasult is & moderating effect on the earth's temperature known
as the Greenhouse Effect.

D. The amount of heatiry that occurs at a given point on the earth's
surface depends on four factors.

1. The amount of sunlight striking the surface.
a. Angle of incidence
b, Exposure time

2. The amount of moisture in the air

3. Surface conditions

4. fight conditions

KOYyOIM® o T

V' Jast
/L

4 [] ]

21
Time
Movement in the Atmosphere is Caused by Heating and Cooling

A. HMost initial air movenent is caused by cenvection,

1. Convection cccurs when air is neated causing it to expand; as
it becomes less dense, it rises.

2. Most "local" breezes are due to convecticn currents.
3. The pressure of an air mass is usually related to its temperature.

B. The movement of air within the entire atmosphere is called Planetary
Circulation.

1. This circulatian is ciusea by the movement of wam air from the
equatar toward the poles, and coed air from the poles toward the
cquater.

(See illustratica on next page.}

3,
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2. If the earth did not rotate, the result would be a simple series
of convection cells,

ERIC 45

Full Tt Provided by ERIC.



LESSON 8, . ntroduction
ATMOSDHERIQ CIRCULATION

Objectives

——

1. To undrrstand the coriolis effect,

2, To davelop a concept of the nrianization and oneration »f atmospheric
circulction,
3. To und: rstand the mechanics invoived in the develapment af local breezes.
4, To dewv: 15p an understandiny of air massas in tenms of davelopment and
charac 2r.
[}
R2ierances

THE EAI'TH SPACE.SCIENCES, Chapter 18,
FOCUS N EARTH SCIENCE, Chapter 10,
3. INVESTIGATING THE £ARTH, Chapter 7.

Snecial References:

Strakler. PHYSICAL AECGRAPHY (Joan “iley & Sons, New York), Chapter 8.

Molfe, et al. EARTH AND SPACE SCIENCE (D. C. Heath, Atlanta), Chapters 28 and 29.
WEATHER AKD CLIMATE IN NORTH CAROLINA, Agricultural Experiment Station, N. C.
State University, Raleigh, N. C.

[N [
P

Activitics:
1. Coriclis Effect

Thumbtack a piece of parer t- a flat surface. Retate the sheet of paver
arounc the thumbtack and, 2t the same time, draw 3 line alony a straight
2d7e cutward from the thumbtack. If vou rotatz the naper counterclockwise
(th2 (irection of rotati~n in the nnrthern hemisshere) which way does the
line curve? Hew about clockwise for the soutihern hemisphere?

2. Convection Currents (local breczes)

Place a large beaker of water over 3 bunsen burper with a wing tip flime
adartir., Haat the water slowly, Drop 3 small crystal of potassium
permarqyanate clase t~ the side of th2 beaker so that it fills directly
aver the nzat s-urce. Yhat haocpers? Whv? Hew can this be related to
1acal breezes?

(HOTE: THIS CAY BE USED EFFECTIVELY IN LESSONS 12 AND 23,)

3, Cenveztion Currarts

Lower a lighted candle into a tall 1lass jar, Taa flare will die when
tha ~xygen inside the jar is used u2, liow insart a siece of cardbeard
inte the jar to divice the saace inside thz jar (several holes saould
be cut in the cardboird belmw the haight of the flame!,

Peligint the candle ang lower it intn the jar. [v wil} burn readily now
2s a current ~f codl air enters {he jar on cne side »f the divider while
tie heated air expands ani rises aut on the other sicde.  You might try
blowing smake into the @i+ a2ar the jar tp to make the currents visibie,
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4. Coriolis and Wind Belts

Construct the wind belt system on a slate globe, keferring o the diagram
in Lesson 8, see if you can account for the wind direction in terms of
coriolis effect (remember the earth revolves counterclockwise when viewed
from the north pole).

5. Begin weather watch
ESCP 8-9 Text 193
Teacher's Manual 232-237




LESSON 8
ATMOSPHERIC CIRCULATION
I. The earth's rotation causes the winds to be deflected. The deflection is
known as the coriolis effect.
A. The coriolis effect is the tendency of moving objects or winds to veer
to the right in the northern hemisohere (left in the southern). This

results from the earth's spinning out from under a moving object.

8. The coriolis effect results in the breaking of the convection cells
into a series of wind belts that girdle the globe.

Wester/ies

Northeast trades

Southeast trades

Easterlies

C. The Wind Belts

1. The Doldrums - a low pressure belt of rising air around the equator,
a rejion of calms and weak, undependable winds.

2. The Trade Winds - (blow northeast in northern hemisphere). The
air rising at the eguatdr coals as it moves toward the poles.
Around 309 latitude, it has conled erough te begin to sink toward
the earth. When this sinking air reaches the surface, it flows
both toward and away from the poles. The portion flowing back
toward the equator is known as the Trade Winds.

3. The Horse Latitudes - forn the belt of sinking air at 300 latitude.
In this region, the winds tend t> be weak and unsteady.

4. The Westerlies - the winds mnving from the Horse Latitudes toward
the pales. This belt of winds hlows between 40V and 609 latitude
and tends tn be much less steady than the Trade Winds.

5. The Subpolar Lows - belts of low pressure at about 60° latitude
caused when the warmer westerlies rise over the cooler and denser
pelar air.

6. The Polar Easterlies - extremely weak but relatively steady winds
blowing away from the high pressure polar areas.

Q
]EIQJ!::Local Winds are assaciated with the local heating and cooling of aiv near
e the earth's surface.,
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A. Land and Sea Breezes
1. Land heatec tr higher temaeratures than water in the daytime.
a. Tewperature differance develops.
b. Warm air over land rises; conl air flows in from sea,
c. Sea breeze is developed.

2. Land ciels faster at night and the copnsite effect creates a
land breeze.

a. Air over the ncean rises because it is wanmer.

b. Air over land moves in to fill the space left by the rising
air,

B. Maountain and Valley Breezes
1. Mountains heat faster than the valleys during daylight.
a. Uneven heating sets up convectinn currents.
b. Vallev breezes blew up the meuntair s1epes during the day.

2. At night, th2 mountains cnol faster than the valleys, and the
co01 air flows down into the valley creating 2 mountain breeze.

IIT. Air misses - bedies of air ¢overing millions of square miles of the earth's
surface,

A. Chief characteristic of an air mass is that its temperature and
hunidity are fairly uniformm at any particular altitude.

1. Weather associated with a 3iven air mass is determined mainly
by its temderature and maisture.

2. The temperature and moisture of an air mass do nat change easily.
B. OQOrigin of an air mass

1. Anr air mass is created wher 31 body of air remains over @ particu-
lar part of the carth for a lrpg period of time.

2. These areas are high pressure centers,
a. Jdver oceans.

Y. Over land.
O
[E [(j C. Classification of air misses.

i o , . )
1. Ajr masses 3re clascifiod zccarding to 3ourig »vaaion,

o B o e
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a. Cold polar source area (designated by P).
b. Warm tropical source area (designated by T).
¢c. Origin over sea (maritime - designated by m).
d. Origin over land (continental - designated by c).
e, Designation symbols thus: mT, cT, mP, cP,
2. A third letter is placed after the designation symbol to indicate
whether the air mass is warmer or colder than the underlying

surface it passes over.

a. Wam air mass (symbol w) may be cold, only warmer than the
underlying surface.

b. Cold air mass (symbol k) may be warm but cooler than the
underlying surface.

Air masses of North America

1. Polar Pacific (mP) cool and very moist air mass brings rain, snow
in winter; rain, fog in sunmer,

2. rolar Atlantic (mP) air masses in winter bring cold overcast with
light precipitation; in summer, cool air and fog.

3. Tropical continental {cT) brings clear, dry, very hot weather in
summer only.

4. Tropical Gulf and Tropical Atlantic (mT) bring mild, cloudy winter
weather and hot, humid summers with thundershowers.

5. Tropical Pacific (mT) brings ccol, foggy weather in winte: only.
Changes in air masses
1. Air masses move with the wind systems of the earth.

a. Polar air masses move southward with polar easterlies.

b. Tropical air masses move northeasiward with the S.W. winds
(westerlies).

2. Temperature and moisture of air mass may change.

a. Polar masses are wamned as they move southward; tropical
masses are cooled as they move northward.

b. Maritime masses become drier over land and continental masses
become more humid over water.

When two air masses with differing prcperties come in contact with oae
ancther, a front is developed.

1Y o P —
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If neithar air mass is moving, the front tends to be statienary.

If one of the air masses is displacing another, the front takes
on the character of the invading air mass. Therefore, moving
fronts can be either warm (wam air replaces cold air locally)
or cold {ccld air replaces warm air locally).

If at some othar stage of developmen: the cold front overtakes
the wam front, the result is an occluded front.

a. If the air behind the cold front is colder than the afr ahead
of the warm front, the warm front is lif:2d and the occlusion
is called the "cold front occlusien.”

b. If the air ahead of the warm front is colder than that behind
the cold front, the cold front ard the air behind it are
pushed up the slone of the warm front. This is called a "vam
front occlusicen.”

1
-




LESSON ¢, Introducticon

CLCUDS AND PRECIPITATION

Cbjectives:

1. To deveiop an undersianding of humidity.

2. To create the cencept of cloud fermation as a process of coeling.
3. To understand the types of clouds and precipitation.

Peferences:

1. T#4E EARTH SPACE-SCIENCES, Chanter 18.

2. FOCUS ON EARTH SCIENCE, Chapter 10.

3. INVESTIGATING THE EARTH, Chapter 3.

Special References:
Strahler. PHYSICAL GEQGRAPHY (John Wiley & Sons, New York), Chapter 19.
Wolfe, et al. EARTH AMD SPACE SCIENCE (D. C. Heath, Atlanta), Chapter 31.

Activities:

1.

3Q
4.

Investigating evaprration
ESC? 8-2 Text 18]
Teacher's Manual 223-225

Investigating cumulus cloud formation
£sce 8-12 Text 200
Teacher's Manual 243-244

Continue weather watch

Investigation of dew point

Even to the casual observer, it becomes evident that on a warm day cumulus
clouds may apoear in the sky. These clouds are formed from water vapor
wnich is carried aloft by warmm air rising from the arorund. B8ecause of
retease of pressure and expansion, this air is cooled as it rises. These
adiabatic changes will be investigated later.

When the air is cnoled, the relative humidity is incressed, If the air

is cooled beyrnd a certain temperature, it can no lenger contain all the
moisture. Th2 water vapor then begins te condense and form clouds. The
temperature at waich the water hegins to condense is called the dew point.
The dew pcint varies, cepending on the relative humidity of the air,

At grounc level when the temperiture of the air reaches the dew point,
the air becames saturated (R.H. = 100%). MWater vapor begins tn condense
on solid nbiects. 4e call this condensed water cdew. [If the dew pdint is
belov 320 F. (0“ C.), frost forms., If we corl A metal can to the dew point
af the air, water condenses on the surface, 3nd w2 can determmine the dew
point of the air.

[:lz\v(: Procedure:

IToxt Provided by ERIC

A shinv can, a fhow1wwe*ev, alﬂ some. C'U:h“H 1r are 111 that yru need
L, ! i Py
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put a thennometer in it (HOLD THE THERMGMETER). Add ice a little at a time.
water conls, the surface ~f the can conls at the sane rate. The air arcund
the can is alsn c2oled. Tne temperature at which tie condensatinn beains to
form is called thz dew point temperature. Keep watching the temperature.
Assign one of thz group to watch for the first sian ~f condensation »n the
can. If the condensation does not cccur >efare th: ice melts, add another
piece of ice. DO NOT BREATHE ON THE CAN. Read the thermometer when the dew
first apoears and record the value. PRamave any remaining ice and let the
can warm up until the condensatinn disappears. The c¢roling and warming
aracesses should be conducted slewiy.

Repeat the process. The highest temperature at which condensatinn nccurs
is srobably the best value for the dew pnint temperature,

Take a psychrometer readind both indo-rs and nutdrers. Convert the
psychrometer readings to dew point with the graph. (YOU MUST CONVERT THE
PSYCHR?METER READINGS TO CENTIGRARE WiTH THE CHART IM ORDER TO USE THE
GRAPH.

-l0 0 10 20 30 40 50 6D 70 RO 9 100

L ) Centingrade
, ‘ [ Farenheit

30 s0 70 90 1o 130 (50 110 (30 210

TEMPERATURE CONVERSION TABLE
DATA AND QUESTIONS

TRIAL 1 TRIAL 11
DEW POINT TEMPERATURE USING CAN oF ] oC V] °C
INDOOR OUTCOOR
WET BULB TEMPERATURE )
DRY BULB TEMPERATURE _ 1 . _
SIFFERENCE BETWEEN WET AND DRY .
RELATIVE HUMIDITY = K * o
DEW POINT FROM CHART 1 3

(e
o
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JUESTIONS :
a. My c¢iar the desw noint b2 determined with the dew point can?
b. How do daw seoint temparztures indeors sna cutdeors compare?

c. How do the dew 2oints taken with the sling psychrometer and the
aw J0int can compare?

d. lHhy should tha ce~lini process be cenducted siowly?
e. dhy are th2 ind-or and autdner temdzratures differznt?

f. What is the relative hunidily ~f the air just =cuching tie surface
2f the can at the time crrcensation occurs?

5. Huaidity and the <liny psychrometer

The bumidity i thz ancunt of moisture in the air. Humidity is important
for many reasons.  The am~unt »f moisture in the air can deternine whether
we are comfortsble »~r not.  fFor exanple, whan the 3ir is het and humid,

we feel very uncomfortable. We can measure the humidity in the air by
means ¢f an instrunent callec a slira psychrometar. A sling psychrometer
measures relative humidity. Relative humiditv is a measure of how nearly
saturated the air is with water vanor,

Relative hunidiiy is 3iven by the exaression:

= Absnluta hunidity of air ssmpla o .ne
Capacity of the same air sampla -

R.H.

The sling psychrometer consists of two icentical glass thermemeters mcunted
together. One thermsmater has a small piece nf clnih (called the wick)
arounc the bulb, This is the wet-bulb therm~reter.

QUESTIONS:
a. How could you construct 2 simple sling psychrometer?

(1} Read the terperature of tne tuo thernemeters to the nearest
degree. Beth thermometers shoulc read the same.

(2) Met the wick. Swinz the psvchrometer ibout two revalutions
per second for about -re minute. St>p swinqing and read the
wet-bulb temperature. Repeat the swinginy foar nnther minutz
end read again. When you get tw> c-nsecutive readings that are
the same, record this in the table 3s the wat-bulb reading.

b. HWhy is the wet-bulb temperature leower than the drv-buib tewmperature?

¢. Why d~es one sling the asychroveter before reading the wet-bulb
terserature?

]EIQJ!:‘ (1} Read and ricord t-c dry-Suls tonoerature.

P o o
12} Roncat th2 ontire praccss Fieg thae avivaao ot elh Seormapatoes
.

Ch s . — R
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€.

ERIC

Aruitoxt provided by Eic:

Table for Humidity Values:

—

TRIAL 1 TRIAL 11 AVEPAGE

Dry-bulb temperature
Wet-bulb temperature
Wet-dry difference
felative humidity

Describe, in your awn words, the meininy of wet-bulb and drv-bulb
temnevraturas.,

What is tae relationship betwean the conling of tne wet-bulb theyme-
meter and the water vipor content of the surrounding air?

How can the wet-5ulb and the dry-bulb readings be converted tn
relative huwidit?

Khat is dene te make the readings of the wet and drv-bulb thermometers
more accurate?

Howt are air tewperature and relative humidity related?

Wnat general statement might be made crmparing the indoor and
nuid2er hunidities?

Usina the intormation you have nbtained, find the dew point tempsrature
on tie chart in the lesson materials and 7ingd the hkeight of ¢loud base.

Hunidity problems (show veour wark, not just the answer.)

1.

b.

If the capacitv of an air mass is 10.5 qrains/meter3. Tind the relatiy2
hunidity i7 tne air mass has ar abselute humidity ~f 2.1 grains/meter>.

If the casacity of an air miss 3t 69% F, is 13 jrains/nater3 and the
relative huniditvy is found to be 403, whiit is the absolute huwidity?

. - RH. X capacity
Note: A.H. 1007

For ap air mass at 709 F., the abselute hwnidity is found to be 10 grains/
smeter?, The canacity >f the 2ir mass 1 this tenperature is 20 grains/
raterd. What i3 the relative hunidity at 707 F.?

For the air mass in problem nunter (¢), the temperature of the air mass
is increased t~_35¢ F., the capacity of th2 air mass is increased to
25 grairs/meter®, What would he the rel-tivs hunidity at 80 F.?

Tae capacity of an air mass at 20 F, is 6,F grains/meter3. while the
c2pacity of the same air miss is 12.5 grains/neter 3t 700 F. Find the
relative humidities of the ay» nass at the tw~ terperatures (409 gnd 70%)
if the absolute hunidity at both temparatures i3 5.7 araics/meter”,

5
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Complete the table be'ow us:ny the reiative humrdity chart.

Temperature Temperature Wet and Dry-Bulb
LOF-) .

Relative Humidity
A8 Temgeratures (F °) (%)
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FINDING RELATIVE HUMIDITY IN PERCENT
Difference in Degrees Between Wet-bulb and Dry-bulb Thermowmeters
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LESSON &
CLOUDS AiiD PRECIPITATION

I. Atmospheric moisture enters the air thiough evaporation.
A. The sea #s the principal source of atmospheric moisture.

B. The cvcle of evaporation, condensation, precipitation, etc., is called
the Hydrelogic Cycle.

IT. Measurement of atmospheric moisture.

A. The content of water vapor in the air is lcosely referred to as
humidity.

1. ABSOLUTE HUMIDITY is the mass cof water vapor actually contained
in a certain volume of air.

3. The grain (.002 o0z.) is a unit commonly used to measure
humidity.

t. Humidity is weasured in grains/meter3 (absolute humidity).

2. RELATIVE HUMIDITY refers to the amount of mnisture in a given vnlume
of air compared to its actual capacity et that specific temperature.

a. Relative humidity is expressed as per cent.

; . .o _ Absolute Humidity

b. PRelative Humidity = Capacity of same vaTums x 100%

c. CAPACITY depends on temperature {warm air holds more moisture
or has a higher capacity) and oressure (higher nressure reduces
capacity).

3. An instrument used tn measure humidity is a hygvomater.
a. Wet and dry-bulb themometers--psvcnremeter.

{1) Cooling of the wel-bulb thermometer is directly related
te the rate of evaporation,

) Water mclecules evaporate more readilv intn drier air.

) The rate of evaporition is proportional te the relative
hunidity of the surrounding air. (see Chart 3-1)

wrno

(
(

b. The hair hygrometer is based on the principle that moist hair
stretches,

III. dater must become a vapor before it can enter the air. It must beconme a
solid ar liquid before it can leave the aiv,

Q A, As air ic conled, it rcaches a point where it holds all the water
]El{Jf:‘ vapor it can hald at that temperature,

IToxt Provided by ERI ]

It is <1id t be saturatern,
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v,

2. Absolute numidity = cacacity.

100%.

"

3. Relavive hunidity

The temperature at which water vapor in the air begins to condense is
called the dew point. (see Chart 9-2)

1. Dew forms con obhjects at and below this temperature,

n

2. If tha dew soint is below 329 F., frast cccurs.

When a gas {air) expancds or centracts, 1t changes temperature. Thesa
changes are called ADI4ARATIC CHANGES.,

A

B.

Molecules in a jas absarb heat energy by impact with cther molecules
as thev mnove about in space.

When a gas is under a given pressure, thare are a relatively fixed
nunber af molecules moving about in any aiven volume.

If a body of 3ir (gas) is forced up, the pressure on the gas is
lessened, and the mnleculas move apart {the gas expands). In a space
ejual to ths begirning volune, there will then be fewer molecules and,
thus, the average tempera.ure will be lower. The energy of any ¢iven
molecule is the same, but the reduction in number per unit volume has
reduced the average temperature.

Most cxndenzation in the atmosphere results from an adiabatic conling
of risin? air masses.

&elﬁtively dry air when lifted cocls at 3 rate of 5.5° F./1000 ft.
(10° C./Kilometer) of altitude.

The dew point temperatura alsgp varies with pressure. The dew point
temperature decreases about 1¢ F./1300 ft. (1.72 C./Kilometer).

The dew paint is therefore approached at 4.3° F./1000 ft. (8.3% C./
Kilometer).

lihen air reaches the altitude at which tha dew veint temperature is
reached, it condenses ahcout dust, salt, ar nther particles formina
smal?! dropiets which make up a cloud,

(op]
)
N’
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Cloud Formation
A. Cooling and cordensaticn caused by adiabatic changes.
B. Condensation nuclei are also necessary.

1. Droplets form araund these ryclei.

2. These may be dust, smoke, wr 531t partrcles.

3. The mncst comrnon are hall and 502

Cloud Tynes

A. Classificaticn of clouwds. In 1823, ruke Woware, ar Englishman, proposed
a system of cloud classitication based an how clouls lock from the

ground.

1. Four families - high, wedium, low, and verti:al

2. Shapes of clouds are deterntned by their manrer of formeticn.

a. Air moverent hor:zontal - STRATIFQRY

b Vertical movenents for great bitlawy mounds - CUMULTFORM

(2%

Three s mple names - cunulus, stratuz, rrrrus.

AT



LESSON 9, Page 4

a. CUMULUS - individual ciouds, appear as giant cauliflowers.
b. STRATUS - form in flat layers.

¢. CIRRUS - high altitude cloudas composed of tiny ice crystals.
They have a silken, wispy, or feathery appearance,

4. Prefixes may be added (ALTO - high; NIMBQ - rain),

5. These basic names may be combined (example: stratocumulus).

40,000 ¢, o et e 4
s dALS PR ¥ col PR
het el : .
f)"" ",-YJ Cll'ru;

Crirrocumulus

20,000 ft.
Altostratus

"T10,000 - Alte cumvlucg

Camulon'mébus

PR P ..
i = SIS N mAa 1

e o i s tra fus

.._..;tr\aiur :.:_‘

£

N =3

7707

-

B. Fog - air close to 3round level c-.Is belew the dew point forming fog.
1. Cooling of the earth at nijht - GROUND FOG.

2. Mecist warm air from over water moves across the cooler land surface -
ADVECTION FOG.

3. ADIABATIC cooling of air as it sw.eps up rising land slopes -
UPSLOPE FOQG.
VI]. Precinitation

A. Cloud droplets are very small (1/2500 inch in diaveter). In order to
fall, thev must grow to at least 1/125 inch in diameter,

B. There are two ways in which cloud droplets grow large enough to become
precipitation, Tne process is called coalsscence.

]EIQJ!:‘ 1. Condensation nuclei are of different sizes, thus the droplets are
= different sizes--larger droplets drift downward, collide, and
corhine wi‘h sualler droplets and jrow in size.
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2.

Whan the air temperature is lower than 32" F, or 07 C., the water
vayor condensing foras ic2 crystals., These ice crystals, in turn,
sesve 23 cnondensation nuclei. Further condensation causes these
crystals to 3row, forming snowflakes. Usually, the aiv tamperaturas
imrediately abave the surface of the earth are w2y encugh to causea
this ice to melt before it reaches the surface.

C. Types of Precipitation

1.
2.

ORIZZLE - extremely fine crips clnse tngether falling very slowly.
RAIN - larger drops.
SNOW - branched hexagonal crystals falling as ice,

SLEET - rain fallina from warmer layer int~ cooler air below and
freezing.

FREEZING RAIN - supercooled rain freeziniy at or near the surface
forming ice or dlaze. Severe cintditions are cellad an ice storm.

HAIL - forms in thunderstors.  lce accumulaies around a center

as updrafts cause a buffeting about nf these ice halls from warmer
mnist Yavers of cloud to ciider upper layars., The weight of the
accunulatea ice finally causes these balls of ice to fall.



LESSON 10, Introduction
FORECASTING THE WEATHER

Cbjectives:

1. To understand the types of data required for forecasting weather and the
mathods used to acquire such data.
2. To understand how a weather map is constructed and is read.

References:

1. FOCUS ON EARTH SCIENCE, Chapter 10.
2, INVESTIGATING THE EARTH, Chapter 8.

Special References:

Strahler. PHYSICAL GENGRAPHY (John Hiley & Sons, New York), Chapter 8,
Wolfe, et al. EARTH AND SPACE SCIENCE (D. C. Heath, Atlanta), Chapter 27.
Activities:

1. Investigating weather maps
ESCP Investigation 8-13 Text 200

NOTE: This investigation should be completed after the discussion of
cyclonic storms in Lesson 11,

2. laboratory exercise {station models and weather maps) as follows on
the next page

NOTE: This exercise should be begun this time and fronts should be
drawn following Lesson 11.

3. Continue weather watch

6
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Laboratory Exarcise
Station Models and Weathsr Maas

Weather stations all over the United States collect and record data. This
data is recorded on weathar maps anc fron tais information, weather fore-
casting is done. The information is placed on the map in an agreed arrange-
neat around 2 circle on the mad. The circle represents the statien for
wiich the data was taken. The observaticns normally plotted include:
atassoharic pres:ure, air temperature, dev print temperature, wind speed

and direction, cloud types, portion of tine sky covered by clouds, visibility,
and typs of weathsr (rain, snow, etc.). Tnis arrangamen* of data is called

a STATION MODEL.

Procadure:

1. Plot the data around each station model example betow, Then plot the
givan data for each of tne stations on the accompanying map. Use
information on t1e back of a stancard Sunday issue of The Environmental
Science Services Administration (ESSA) daily weather map.

2. Draw isobars “or eacn 4-millibar change in pressure (1000, 1004, 1008,
etc.). Omit the 9 or 10 and write only the las* three figures of the
of the pressurc, Examples: FPressure

1019.3 - 193

987.7 - 877
(Hint: Praw isobars much 1ike you would draw contour 1ines for a topo-
Jrappic map.)

3. Llocate and dras 31 the freats. Fronts are located by a kink or a
cnange in divection of tae isobars. Shifts in wind direction and
cnanges in temperature indicate positiens of the Fronts,

Data for Example S*azion Madels

) il 11§ STATICN T

Wind dircction N £ SH (:>
ding sueed 5 30 16
Cloud caveraze  clear ryar- scattared

rast. STATION 17
Temparature 807 oe? ne O
Current veather clcar snoe drizzle
Dew point 530 2¢C 60°

STATION 111

Pressurg changs -2,0 - -4
Past weather cleav snor tioundzritorn (:)

M+, precipita-

)
I{Iﬂ:‘tion - .2 .

B RN noy. 7 1013.7
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S W, P 2o P W IAQ
T U £ . R Hi A & |M F
Al WIND WIND }CLOUDTEMP. [VISI~ ' R A , DEW IPRESSURE E A S A O
T | DIRECTION| SPEED|COVER|(CF.)|BILITY © T FOINT' (mb) SCNP T T JuUu P
I - E 4 (OF.)] G H N P
0 (mon N E ; £ E §T T.
N , T R . (mb) I F
1 - - - V42 20 clesr |32 7006.0 Vr 9 - -
2 5 - 1143 15 . clear |35 9%8.5 |+ .3]cain 2
3 - - Jover-] 55 T 0 drizzle]54 088.9 1-2.4 8 2
cast o 1
4SSt 2G fover-} 60 |~ T drizzle |50 9887 (1.8 - A
cast ; i SRS S S S,
_5 SE 20 [5/10 } ¢ 2 . clear ]5¢ 999 .6 |-2. - -
6| SSE 5 12/10 | 55 4  clear |59 1004.3 | ~-1.0 - -
/ N 5 - 141 12 jclear |34 1000.0 [+ .4[drizzle 1
8 N 20 [5/10 § 20 8 ,clear |36 994.8 [+ .1{rain 3
9 W 20 [over-y 61 L rain, |61 990.0 j-1.7 - 1
cast _fog
10 S 10 - 60 10 :clear [55 1008.0 - - -
ki N 5 - 41 20 iclear |32 100/7.0 141.] - -
T2 NNW | 10 5/10 | 39 8 . - 34 1002.2 |+ 7 - 6
13 NW 15 [5/10 | 39 6 + - 35 V9970 |+ .2fthunder-| .2
. storm__|]
17 W 15 fover-| 64 4 "~ tounderd 60 995.8 |- .9 - o
cast pstonn R S .
B 5 15/10 | 63 20 . - L 598.0 -2 0l "= | -
16] SSW 5_[5/70 t 63 20 | - 48 | 10009 ' - 8] - | =
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211 WSW 5 13/10 166 1| 20 ; - 57 1002,0 1-1 4 - -
22 SW 5 [3/10 r 64 7 i - 58 1008.8 |- .1} - -
23 N 25 Jover-] 43 q ithunder< 35 1007.1 (+ .1jthunder-{ .5
cast ) Lo stormy ) stonn_ b
24 NW 30 {over-: 41 4" thunderd 3 0029 |+ .21thunder-
cast | Ly stommy 4] | f.stonm | .
25 WSW 15 Jover-: 64 1 /rain 59 1001 0 - ~ -
cast TS D S N
Zol - S S VA 21 S 13- 11 L S B
27 W 15 |5/10_ P85 7 - Ba {Tioos i T s T T
28] W T 12/10 v64_ 10 [ = 54| 1006 0408 T -
29]" Ssi 10 - 170 20 | - o 10060 j- 1, - J_ -
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LESSON 10

FORECASTING THE WEATHER

I.

1.

Meteorology is the branch of science irvnlved in forecasting weather.

A. Because weather movas across the United States, it i< nccessary to
have information from a number of lccations,

1.

The U. S. Weather Bureau maintains

a. 315 offices serving 297 commurities.
b. 3,500 part-tima statiors.

c. Many othzr sources.

Each year, more than 58,000 instruments aie read in the process
of gathering information.

interpret the mass of information, the weather bureau uses maps.

The information gathered at each staiicon is displayed on the
map as part of a "station symbol."

Once displayed on the map, the information is used to draw
general, overall weather patterns and detemiine forecasts.

Data Acquisition (Note: Only portions of the total information acquired
will be discussed due to space and time limitations.)

A. Data is normally getnered at each station on the following:

1

2.
3.
4,
5,

Wind direction 6. Barometric pressure
Wind speed 7. Current weather
Cloud coverane 8. Past weather
Temperature 9. Precipitation amount
Dew point 10, Cloud type

B. Spectal instruments are used to collect this information.

1.

Wind direction is d2termined with a wind vane.

a. HWind is given according to the direction from which it is
bliwing.

b. The direction can be given in degrees (0° - 360°) cleck-
wise from ‘fe norti or in points of the compass.

69
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€& Precipitation is reccrded by several types of gauges.
Special sensing instrumants include

1. The radiosonde - a set of small instruments sent aloft by
a balloon.

2. Radar - gives precise location and extent of storms
a. Tornadoes can be discovered and tracked.

b. Wind currents alnft can be determinad by tracking
balloons

2, UWeather satellites show cloud cover and 5ive 4 picture of
atposoneric conditions ovar the earth,

II1. Data Display

A.

Unce data nas bern collected at a station; it is sent to the
Naticnal Meteorological Center in Suitiand, Mavyland, and to
othar selected military and civilian weather stations by fele-
typowriter.

At Suitland, the teletyore data is put on a map either by hand or
by coamputar,

leatner mans ar2 prepared from cata transmitted by 311 stations
gnt times a rday (1:03 a.m., 4:00 a.m., 7:00 a.m., 10:00 ¢&.7.,
:00 pome, 4100 pan., 7:00 nun., and 10:00 p.m. EST).

Statisn weather i< 3hum an a map as a station symbol.

AL g .
4511'/ L’ll?‘{flﬁ'[l

__—.'-"—:iﬂ'l'l' nd saeed
Arr /vrr:_pel a{g,,-(-.N Clawved covera ce
4! / s {re

Visihitite —=|d am BArometric pressure

iSisiliTy Iz KX (’ 248 i e s
Freseni weaiiivh =7 ‘f’lq'/*\ ) ]
2—30 ﬂ fressure change ia

/ 4L lasé #+ hou. s

Aew point —
Frecipitat Con fast 24 hows.

fac: weother -

After the station symbols have bean reco*ded on the map, lines
are drawn connecting points of equal pressure. Usually, chese
isobars (contnurs of equal pressure) are drawn at four miilibar
intervals.

-1
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F.

The location, shape, and spacing of isobars indicate the shape,
size, and motion of storms and other weather systems.

1,

[

Isobars mark the position of fronts as well as high and Tow
pressure regions.

The spacing of isobars indicates the slope of the pressure
gradient and thus the wind direstion and speed.

a. Ciosely spaced i»ubars mean rapid pressure change and
higher wind speeds.

b. Widely spaces iscbars generally mean slower wind speeds.

Barometric changes pius the associated weather indicate the
position of fronts

a. Stationary fronts are shown by the symbol shown here .
‘.44;_,"__4&__“__4A___! A

b. Warmn fronts - Tovler alr
Y W U W

Warrer asr
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War mesr air
c. Cold fronts - 7 T Y W S .
Caoler air

Cro/ air
d. Occluded fronts - 4o & & = Warmer air cloft
Cool air

IV. Forecasts

A. Early people observed the weather (many bacause it determined or
influenced their livelinood) and attempted to forecast the weather.

1. Early peouie developed mary nroverbs and myths,
2. Some ma'» sense; others are superstitions.
3. Some legnids, proverbs, myths, and supersiitions:

a. '"Mackeral scales and mare's tails make lofty ships
carry low seils.”

b. "Red skv &t night, sailors delight. Red sky in the morning,
sailors take warning."

¢. Smoke rises indicati~g poor weather.
d. Halo around the moon--podr weather.
e. fGround Hog's Day.
B. Weather forecasting today involves scientific principles.

1. Forecasters keep up with movemeals in the 5 billion cubic miles
of atmosphere surrounding the eirth,

a. Basic tool--the weather map.

b. Torecaster predicts formation of weather systems from this
nap.

2, Principles used in weather forecasting,

a. Upper air in the middle latitudes moves fn a generally
easterly direction; low level weather is carried along.

b. Low pressure systems move toward areas of falling pressure
and away from rising pressure. Speed of movement cepends
Q on pressure differences.
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c. Steepness of the slope of the front determines whether
the Tifting ot air can produce condensation, cloudineass,
or precipitation.

d, As a rule, poor weather usually accompanies a low pressure
system.

3. Forecasts are made for all areas of the United States four
times daily and are released at 5:00 a.m., 11:00 a.m., 5:00 p.m.,
and 10:00 p.m. (local time).

a. rorecasts basically cover 48-hour periods.
b. Extended outlooks are also issued -

(1) Fach day extended outlooks for the third, fourth, and
fifth days are issued.

(2) Twice montnly, a 30-day outlook is issued giving a
broad outline of expected precipitation and temperature
ranges.




LESSON 11, Introduction
CYCLONIC STORMS

Dbjectives:
1. To develop an understanding of frontal weather.
2. To develop an understanding of 1ir flow about and the development of

Pressure centers.
To under:ztanc the causes, develosment, and life cycle of & cyclonic
stern,

w

References:

1. THE EARTI SPACE-SCIENCES, Chapter 13.
2. FOCUS ON EARTH SCIFNCE, Chanter 10.
3. INVESTIGATING THE EARTH, Chapter 3.

Special Refcrences:

Strahler, PHYSICAL GEOGRAPHY (John Wiley & Sons, New Yerk), Chapter 11.

dolfe, et ai. EARTH AND SPACE SCIENCE (D. C. Heath, Atlanta), Chapters 28,
22, and 30.

Special Supplenentary References in Paperback:

Batten, Louis J., THE THUNDERSTORM, (Signet).

Batten, Louis J., THL NATURE OF VIOLENT STORMS . (Doubleday-Anchor), (Science
Study Series S-18,.

Edinger, James G., WATCHING FOR THE WIND, (Doubleday-Anchor), {Science Study
Series 5-42).

Batten, Louis J., RADAR OBSERVES THE WEATHER, (Doubleday-Anchor), {(Science
Study Series S$-24;.

Battan, %ouis J., THE UNCLEAN SKY, {Doubleday-Anchcr), (Science Study Series
S-4¢).

Activities:

1. Complete investigating weather maps
ESCP Investigation 8-13

2. Complete exercise on station mowe § anc weather maps

3. Discuss weather watch in light of Lessen 11 and complete




LESSON 11

CYCLONIC STORMS

I

The Development of Cyclonic Storms

A,

Stoym centers are usually formed by bulges of cold air along a
stationary front which develop into a low pressure area. The center
of low pressure is developed because the cooler air pushes under the
warmer air causing it to rise. Sirce air requires an input of heat
enargy to cause expansion and the resuiting lifting effect, the air
must cortain some moisture. The initial lifting by the cooler air
mass causes adiabatic cooling and the resulting condensation of
moisture results in a liberation of heat energy. The tiberation of
heat energy results in additional expansicn causing the air mass to
become less dense than tae surraunding air and therefore the air
mass continues tc rise.

1. As the center of low pressure develops, winds begin to blow
dovin the pressurc gradient toward the newly developed center of
lover pressure.

2. Because of tne coriolis effect, the winds blowing toward the
center of low pressure are turied to the right in the Northern
hemisphere and as a result blow counterclockwise about the
center
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Conversely winds blowing away from a center of high pressure
are turned to the right and blew clockwise about the center.

3. As the pressure drops and the wind increases, the air masses
move into one another and fronts deveiop.

a. The warm front whare the warm air s replacing the cooler
air is generally a gently sloping surface characterized by
clouds as shown below.

i
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When the occlusion is complete and the warm air is lifted,
there is no further heat energy availatle to mairtain the
Tow pressure center and the storm center dissipates.

8. Because of the prevailing westerlies storm systems follow a more or
less Noitheast tract across the United States.

1. Weather systems usually move eastward at a rate of between 300
anda 500 miles per day.

2. Cyclonic storms nonmale last from 5 to 6 days.

C. Assuming that weather conditions will be ccnsistent (Many other
factors such as terrain, other weather systems, ovr upper air mave-
ment can cause changes.) weather predictions can be made by track-
ing the stom or front and extending the track for the storm's
estimated 24-hour movement.

t
D. Severe Storms are the best known, most feared, and lcast understoad
of all weather phenomena. They iaclude three weil-known types--
thunderstorms, tornadoes, and hurricanes.

1. Thunderstcrms are severe local storms accompanied by lightning
and thunder.

a. Thuncersto.:.s undergo three stages of development:
(1) These have arbitrarily been labeled:

(a) Cumulus stage.
{b) The mature stage
(c) The final stage.

b. The cumulus stage occurs usually in warm, numid, unstable
air. Convection cells develop due te local heating and
cooling. These cells develop inte cumulus clsuds and rise
to heights approaching 25,000 feet,
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c. The mature stage begins when the air coils {due to
precipitation) and ceases to rise, This cooling causes
downdrafts to develop and precipitation ozcurs at the
ground, At this stage the storm is most violent and there
are both up and down drafts in the clouds,

A\
X

d. The final stage occurs when all updrafts have disappeared
and the cloud is cne great mass of sinking air {being
warmed adiabatically). Precipitation ceases and winds
aloft dissipate the cloud.

;ﬂ'f’->
“l

4
L
Z¢IA

{

VT
| ﬂ !
S

Il. Lightning is produced as an accurulation of charges within the cloud,

{

Y

A. Top of cloud becomes positively charged, possibly because of friction
of raindrops removing electrons.

B. Electrons accumulate in the bottom of the cloud.
C. Central region also negative.

D. After rain bLegins, a small center of positive charges develops near
tre cloud base.
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E. As charges increase a voltage difference deveiops.

1. Lightning occurs when this voltage difference becomes large
enough.

2. May be 10,000 velts/cm.
3. Strike neutralizes the charges.

F. By studying lightning, it can be seen that lightning occur- in a
series of steps.

1. Detected by high speed photography.

2. First a "feeler" reaches out in <teps of 2oout 200 feet at a
time. -

3. Then there'is an electrical surge, followed immediately hy a
return stroke.

4, Time - 1/100 of a second.

5. Many strokes move along this channel in rapid succession.
{40 have bean observed in a second.)

F=== +## =—-<

G. Because of the expansion of air by ligihtnin~, an intense sound wave
is produced which we call thunder.

1. Light travels faster than sound.

2. The distance of a lightning strike from an cbserver, in mi’es,
can be approximated by dividing the seconds between the sighting
of the flash and the hearing of the sound by 5,

3. Rumbling caused by unequal time for sound tc reach the cbserver.
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III. Hurricanes are low prassure stoms bearing some resemblance to the
middle latitude cyclones.

A. Hurricanes occur in tropical regions and are called by various
names in different parts of the world. {wiili-waws, typhoon,
baguios)

1. They develop over warm tropical seas clase to the equator,

2. They vesemble cyclenes, but are only a few hundred miles in
diameter,

3. They move away from the equator generally along the easterr
edje of a continent.

B. Typical winds of a hurricane are counterclociwise--Northern
Hemisphere,

1. Series of cloud bands spiral toward tne center called the eye.
2. The eye is a calm area having very low prassure,
3. Winds outside the eye are violent (75+ miles/hour).
C. Heavy rainz accompany the hurricane.
1. Mav  cause floeding.

2. Recor! vainfall during a 24-hour period: 45 inches during
a Phillipine hurricana in 1911.

D. Hur-ricanes are named after girls {(because they are unpredictable?).

€. Watch is kept on hurricanes by the weather bureau, and hurricane
warnings are issued because of the destructive nature of the storms.

IV. Tornadoes are the smaiiest, most viclent, and short-1ived of all storms.

A, Tornadoes are most likely to occur on a hot, humid day in jate spring
or early sumner when ine sky s filled with thunderclouds.

1. Cloud base cevelops extension.

2. How tornadoes develop such force i5 not known. (They may develop
as charged hodies, )

B. Tornado Characteristics
1. Move 25-40 mile in a path generally less than 300 yards wide.
2, Winds up ta SCL mph cause great destruction.

3. Low preszures acccipany turnadoes - buitdings sometimes explode.
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C.

D.

Called water spouts over water.

Midwestern states have most tornadsces.

1. Iowa 4, Oklahoma
2. Kapnsas 5. Mississippi
3. Arkansas 6. Illinois

7. Indiana

8. Missouri

Progress tu~ard the prediction of the likelinood of a tornado

has been made in recent years.
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LESSON 12, Introduction
THE OCEANS AND THEIR CURRENTS

Chjectives:

1. To accomplish a general overview of the oceans.
2. To ¢zvelop an understanding of the causes of currents.

References:

1. THE EARTH SPACE-SCIENCES, Chapter 17.
2. FOCUS ON EARTH SCIENCE, Chapters 11 and 12.
3. INVESTIGATING THE EARTH, Chapter 10.

Special References:

Strahler, PHYSICAL GEOGRAPHY {John Wiley & Sons, New York), Chapter 9.

Wolfe, et al. EARTH AND SPACE SCIENCE (D. C. Heath, Atlanta), Chapters 32,
33, 34, 35, and 38.

Cowen, Robert C., FXONTIERS OF THE SEA, (Doubleday and Company, Inc.), 1969,
Chapters 1, 6, 7.

Activities:

1. Investigating Currents
ESCP 10-6 Text 241
Teacher Manual 287-290

2. HWhat makes sea water heavy?

To measure che amount Of dissolved minerals in a typical sample of
sea water, simply remove all the liquid and measure the remaining
mineral matter. To do this, place a known amount of salt water (about
15 grams) in an evaporating dish. Determine the mass of the evaparating
dish before adding the salt water. Then evaporate the water by heating
slowly with a Bunsen burner. Use a low flame and avoid boiling because
the mineral matter will tend to "pop out" of the evapcrating dish as it
dries. When all of the liquid is evaporated, weigh the evaporating dish.
What is the mass of the minerals which stick to the bottom and sides of
the d;sh? {Can you get this without scraping the minerals out of the
dish?

How figure the percent of mineral matter contained in the water by
dividing the mass of mineral matter by the original mass of sea watcr
used.

FOLLOW UP DISCUSSION:

Discuss how the minerails got into the oceans and why these same
minerals do not seem to be in the water cof most lakes, rivers, streams,
and ponds. Mineral concentration is a slow process of concentration
through evaporatior. WKhile most of the water on land is not stationary
(it tends to continually move toward the seas) the water in the oceans
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has no place to go Newerthe'ess, the water Jeyvel in the ccean does not
continually vise, even though rivers are constantly adding water to it.
Some water must be leaving the ocean. How? It evaporates into the atomos-
phere. Then, through condensation and precipitation, it returns to the
cantinents as +ain, dew, snow, etc.

Although the wate-s flowing into the seas are not very concentrated in
minerals, they do carry “ery small amounts which have been dissolved

out of the rocks on land  As the evapo-a*tron of watayr in the oceans
continues, this mino- amount of dissolved minerals concentrates, ever $o
slowly. OQver 3 period of millions of years the ocean waters have
concentrated to their precent amounts.

Measuring density difterences 3% wate-.
MATERTALS:

Paper or plastc straws. stoppev, glass tube

Modeting ciay, salts

Large beake+s, cylinders o~ tect tubes, burner

Sea water sampies {may he simu‘ated as before)

Caokirg 01, antifreeze, a'70ohn’, carbon tetrachloride, dye (Can be
done on flat-topped desks)

PRELCIMINARY DISCUSSION:

The minerals which yau frynd in the salt water in the pravious experi-
ment make it unf t to d-ink Do they cause any other significant dif-
ferences? Well, for one thing, ce<tizin objects float in water. Is
there any diffevenre between *the "flgating properties” of sea water and
fresh water?

Every object which flpats has some part which is submerged below tke
surface of the tigyid. The size of th's subrerged part depends upon

the weight of 2 given volume of the Vioyid 2nd the wass of the €loating
object. !f the liquid is very "he:uy" tne part which is submerged is
very smzt1 and the objec* "r-des high" <r *he Yiquid. On the other hand,
if the 'iquid is yery "iight" tbe came obgect “rides low".

The mass of one un-t yolute of a vates:g? %¢ called the density of the
material  Thevefore, we can 3:ty3'y corpare dansities by (omparing
the height ibeve the 'igquid n° 3 ¢41aating nbject. Remember, the
greater the Jencity of the liquid, the highe- the object will float.

ObLJECTIVES:

At the conclysion of thig zotivity mnst students should be able to
describe verbally or by dézgram the constryction af a hydrometer. They
should be able to tell rthe relatirnship between "floating height” and
density
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PROCEDURE:

This type ot density is measured with a hydrometer. We will use a home-
made hydrometer which is simply a piece of paper soda straw cut to the
length of 8.5 cm with a small amount (a marble-sized bit) of clay at one
end. The straw should be marked with 0.) cm markings. Place the straw
(clay end down)} into a beaker of salt water and note where the water line
is on the straw. Now place the straw in fresh water and again note the
water line. How do the heights compare? Which has a greater density,
fresh water or salt water?

(If you have trouble reaching conclusive results, make some quick checks.
For example, “skinny” straws should work better than wide straws. Try
imbedding a BB in the bit of ¢lay. Fresh water may contain enough dis-
solved chemicals to make its density fairly ~lose to salt water. 1If you
suspect this, try a sample of distilled water. If everything you try
fails, then just weigh equal volumes (at least 100 ml) of salt water,
fresh water, hot water and cold water.

Explain why the minerals in the sea water change its density. Can you
think of a simple activity to chaeck your explanation? We have assumed
that it is the added weight of the dissolved minerals which cause the
difference in density. To make sure, we could add salt directly to the
tap water sample. Does the density increase?

Are there any other ways to change densities besides changing mineral
concentration? If you wee lucky enough to make very seasitive hydro-
meters, you can See if temperature has any effect on density. {Try
this before class. [f you cannot get conclusive results, omit this
part.} Use your hydrometer to compare the density of cold salt water
{chilled in a refrigerator} and some hot salt water (which you can heat
with a Bunsen burner). Which has the greater density, cold salt water
or hot salt water? Can you explain why?

Note: If you have a ftask full of tap water and clrse it with a one-
hole stopper becring a glass tube and then apply heat, what happens?
How could this affect density?

What does thig activity haie to do with the fact that hot air rises
and cold afr sinks?

Why 1s the water in the oceans warmer at the surface and colder at
great depths? (Theve 3re at Yeast twd answers to this question.)

Now, use the hycdrometers to determine how "nigh" or "low" the hydro-
meter floats. Collect the following date.
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Cooking Carhon Dyed sa{;]
Water | Alcohol | Antifreeze 0i1l Tetrachloride water
Height of
hydrometer
Mass of
100 ml of
liquid

Note: If a cormercial hydrometer is available, you can have students
make divect density readings and then compare them to calculated densi-
ties. The densities may be determined by dividing the mass {m) by the
volume {v) of each liquid.

FOLLOW-UP DISCUSSION:

According t¢ this activity, the floating height depends upon the mass
of a unit yolume of the liquid (density? and the mass of the floating
object. The pressure depends upon the mass of a unit volume of the
1iquid. High ability students may vegin to suspect that there is a
connection between floating height and liquid pressure. There is, .

The straw sinks until the mass of the straw is equal to the mass of the
Yiquid which the straw displaces. At this time the unward pressure an
the bottom of the straw exactly balances its downward weight. If the
1iquid is "heavy" the straw does not have to displace as much to equal
its weight, so it does not sink as far; therefore, it floats higher

in liquids of greater density. We have come full circle from density
to pressure, to floatation height, to density again.

4. Density Currents
MATERTALS:

Plastic shoeboxes and prop for one end
Food coloring

Sea water {may be simulated)

Muddy water (use fine-grained sediment)
Large beakers

PRELIMINARY DISCUSSICN:
Dense water in parts of the oceans may result from:
a. Rapid evdporaticn in zones of warm dry climate, causing increased

sal‘nity.
b. Excessive cooling as in the polar regions.

s
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¢. Mixing of mud and silt with the water {called turbidity currents)
which is characteristic of subagueous landslides. These may be
triggered by earthquakes, strong storms (hurricanes commonly are
effective), or large influxes from the continent (e.g., the delta
of the Mississippi River into the Gulf of Mexico).

What happens when liquids of different density come together?
OBJECTIVES:

At the conclusion, students should be able to name three types of
density currents and their cause. They should be able also to explain
verbally or by diagram the relative pesitions of the “l1ight"” and "heavy”
liquids within the current.

PROCEDURE :

a. Effect ¢f Increased Salinity

Place the plastic container on table with an ohject (e.g., eraser)
under one end s¢ that container is raised about one inch. Fill
container with tap water. Add a few drops of dye to about 50 m]
of salt water. Pour this salt water as a small "stream" into the
raised end of the container. Be careful to pour stowly down the
inside end of con'aincr. VYiew the path of the dyed sea water as
it flows &¢ ng the container. B8e sure to view from the side,

not from above. Does the sz water flow above, belaw, or just
mix with the tap water? Can you explain why?

b. Effect of Temperature Contrast

Put plastic container in same position as above. Howevar, fill
the container with hot salt water this time. {Salt water can be
heated in a 1arge beaker before pouring into container.} Be sure
not to heat container itself over & flame as the plastic will
melt. Now add a few drops of food coloring to about 50 m! of
refrigerated salt water. Add this to the hot salt water, being
sure to pour carefully using the technique described above. Again
view the path of the dyed cold salt water as it flows along the
container. View from the side as before. Does the cold salt
water flow above, below, or just mix with the warm salt water?
Can you explatn why?

c. Turbidity Current (muddy water)

Have plastic container in the same position as above, This time
fill the container with salt water at room temperatue. Add 25
grams of sediment to about 100 ml of salt water and shake {or

stir vigorously). Add this mixture to the container as previously.
8gain view the path of the muddy salt water as it flgws along the
container. As before, view from the side. How does the muddy
water flow? Can you explain why?
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FOLLOW-UP DISCUSSION:

Note that each of the three previous activities demonstrates how the
denser water flows beneath the "lighter" water. You may want to reverse
one activity and observe how the lighter water flows along the top.

(It would be easiest to reverse either a or b for best viewing.)
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LESSON 12
THE OCEANS AND THEIR CURRENTS

1. Introduction

A. Water is one of the few elements that exist on or near the earth's
surface in a1l three physical states. {solid, ligquid, and gas)

B. Over 98% of the water exists in the liguid state.

1. If we could spread the erxisting water over a smooth sphere the
size of the earth in proportion to the space it occupies we
would find the following depths:

a. atrospheric water - 0.03 meter

b. frash water {lake and »ivers) - 1 meter
¢. ground water - 10 meters

d. land ize - 45 meters

e. ocean water - 2685 meters

2. The water which fills the ocean basins occupies an area of

361 x 106Km2 or 70.8% nf the earth's surtace.

3. The ocran basins are, on the average, 3.8 Km deep and contain
between 97% 3nd 98% of 3! the water on earth.

C. The water on earth moves steadily through a cycle of evaporation,
precipitation, and runoff known as the water cycle.
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D. The ozeans af the wo ''d 3:e one ontinunus by of witer; hrwsier,
they are sepzrated gengraphic3lly ints threa “y-e:nz ©
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d. calcium chloride CaC]2 1 gm
e, potassium chloride KC1 0.7 gm
34.5 gm

plus traces of most of the other known naturally occurring
elements. Thus, ocean water is actually a valuable mineral
resource.

IIT. Ocean Currents are caused by winds and differences in density of ocean
water,

A. Winds cause surface currents.

1. Energy is trensferred from the prevailing surface winds by
friction between the air and water surface, creating the
current.

2. Because of coriolis force the water is turned to the right
in the Northern Hemisphere and the resulting current differs
from the wind direction by about 459, {See map showing
Principal Ocean Currents of the World.)

3. Currents occasionally pile up against continental Tand
masses. Then gravity tends to equalize the water level
and sets up other currents.

a. These counter currents often result in upaellings of
colder waters, bringing in mineral material. The
upwellings are often the site of profuse narine life.

B. Heating, cooling, dilution, and concentration which change the
density of sea water also cause currents.

'. Denser waters move downward and less dense waters move upward.

a. Thus, colder waters tend to sink and wermer waters risz.
(Imp- .t of currents and friction between currents or
between the current and the bottom may alter this
general staterent,)

~
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b. Changes in salinity also change densities causing currents.
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LESSON 13, Introduction
BOTTOMS, WAVES AND TIDES

Objectives:

1. To develop a concept =f the ocean basine,
2. To understand tida: phenorena,
3. To understznd the czuses, structure, ard behavicr of waves,

References:

1. THE EARTH SPACE-SCIENTES, Chapter 17.
2. FOCUS ON EARTH SCLENCE, Chapters 11 and 2.
3. INVESTIGATING THE EAR"H, Chapter 10.

Special References:

Strahler, PHYSICAL GECGRAPHY {Jahn Witey & Sons, New York), Chapters 6, 9, 27.

doife, g% al. EARTH AND 3PACE SCIENCE {D. C. Heath, Atlanta), Chapters 17,
36, 37.

Bascom, Willard, WAVES AND BCACHES  [Doubleday), (Science Study Series $-34),
Chapters 2, 3, 4, 5, 6, 7, end 8.

Revelle, Roger R., FRONTIfRS QF THE SEA (Doublteday), Chapters 3 and 5,

Holmes, PRINCIPLES OF PHYSICA. GEOLOGY {Rona'd Press, New York), Chapters 23
and 24.

Gilluly, et ai  PRINCI®LES OF GEGLOGY (W, 4, Freeman & Co.), Chapter 16.

Activities:
1. Mapping the oce:n iiz;-.
MATERIALS:

Slinky (toy!
Timing device

OBJECTIVES:

We can get 3 profile oy the oze2n (997 by measuring the distance from
the surface to the botton 2¢ 3 <h-p moves alony @ predetermined course,
A line, similar t2 that d4:3wn 3c¢enes land contours as described earlier,
can be *rized,

Tha activity 4described he- ‘s desizred to <'muliate zn echo-sounding
study made to dete-vine th. yrean €'2c- dv-ggyla-ities.  The principle
of the echo sounde~ 15 s mply thys: Sgund waves produced on ship will
travel to the fico- of the nzean 3nd bounrce bark to the ship.

PROCEDURE:

Stinky Demsnst-z.ian  Make 2 comp essional {push-pull) wave with 2
sTinhy. N&*ice how the wise tegue’c the Yenglh of the §Yinky and then
returns to the point ~t ~rgin The s3ve s true of a compressinnal
wave produced f-om a ¢h'p  !f we krow the speed at which the wave
travels down the spring we ~an find the length of that spring.

93



LESSON 13, Introduction, Page 2

Similar studics under controlled conditions have been run for sound waves
generated from ship to the ocean floor (known depth). The rate at which
these waves travel is measured in this way. Once the techniques of sound
wava generation are perfected and appropriate recording devices installed,
the ship is ready to run a course and compute a profile of ocean floor

topography.

We know that sound waves travel in water at a speed of 4,800 feet per
second. The distance to the ocean floo* can be computed by using the
tormula:

time x speed

= depth
2

The following provides you with raw data on a series of soundings.
Compute the distance for each of the soundings, then plot the points
on the attached ygraph. Connect each of these points to form a profile
of the ocean floor topography along the traverse line of the ship.

RAW DATA on SHIP SOUNDINGS

Distance Time for Depth
from beach Signal Return in
in_miles _in seconds feet

10
20
30
40
50
60
70
§0
90
160
110
120
130
140
150
160
172
180
190
200
210
220
230
240

WWNOONINTEBAITWWOoanuaAUI O gigig
—_— et B OO OUIDON ="t OO NN N —
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2. Particle action in wave motion.
MATERIALS:

Aquarium or other transparent container
1 ¢m grid-transparency, float, flat board

PROCEDURE :

. Fill the container with water and tape the grid to the side of the
centainar so that you can see the wat:r suriace as a line on the
grid.

2. Have someone generate waves by moving the flat board (cork stopper
will do) in the container.

i
Move e —— A~~~ Wa ter Surface
board
4 [N— Grid
Cork

3. Place the float in the water next to the 3rid and plot its motion.
What path does it follow? Also observe the float fiom above and
note its apparent motion.
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LESSON 13
BOTTOMS, WAVES, AND TIDES

I. The Qcean Bottom

A. The ocean basins ar2 not smooth but show considerable relief.

Siarra Mevada ocky Mouotians
m \.\\ Affla.chi-,ns
o NP

Q\trfh Amaearica Atlantie ,,,'“(;,,

[Tad 1000
Mites

ro

B. The North Atlantic Basin contains examples of most of the typical
basin featuras,

1. The Continental Shelf is a relatively smooth sloping plain
7% to 100 miles wide and sloping to a depth of about 600 feet
at the outside edge. (The shelf off the North Carolina coast
is particularly famous because of tne shoaling characters of
its waters, its violent currents and major storms which have
made it the "Graveyard of the Atlantic.')

Centirnentui <heiv
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2.

3.

ERIC

Aruitoxt provided by Eic:

The Continent:l Slope descends into the ocean basin floor
(12,000 feet) and is cut by submarine canyons.

a.

b.

The canyons aprear to be due, in part, to flows of muddy
water (turbidily currents),

These flows are thought to account for the flat abyssal
plains by the filling of the irregular basin floor.

North

merica

Other features include:

a.

Seamounts - thought *o be ancient velesnic mountains -
usualiy nceu~ ip isalated peaks,

The Mid-Atlantic Ridje - wourt3 n vange in the center of
the Atlintic, equai %o the Rockies “n size but submerged
except for the Azores  Related to major crust2] »ift zone
and part of evidente of Cortinenta) Drift.

Trenches (30,000 feet o~ nore) usually Lorder continents
and are 31so assoaciated with Cont-nortal Drife.
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II. Tides are caused by the gravitational pull of the moon and the sun on
the oceans of the earth.

A. There are usually two tides every day. That is; the tide changes
about every six hcurs, rising and falling to yield two high tides
which are about 12% hours apart.

B. The prasence of two high tides is due to the earth and moon's
relationship.

(!"'5:}: \-é «di)
T
NS/

;Orb/'ral path about the Sun

1. Tke tide on the side of the earth nearest to the moon is
due to gravitational pull,

2. The tide on the far side is due to the centrifugal force
of the earth-moon revolution,

€. Two other fac:iors affect the tides.
1. The relationship of the sun to the earth-moon system.
a. Spring tides (of unusually great range between low and
high} usually occur when the sun and moon are in conjunction
and opposition. (about 20% greater)
b. Neap tides {of small range between low and high} usually
occur when the sun and the mgon are in quadrature.
(about 20% less)
2. The slope and size of the basin.

Some basins, estuaries, and rivers are located or shaped in such
a way that strange tidal behavior occurs.

a. One way i» which exceedingly high and low tides may occur
is by the formation of standing waves.

{1) In a standing wave the water survace moves up and down
in a rhythmic way, but the crests and troughs do not
travel horizontally.
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{2) In certain lakes, estuariecs, and rivers, the slope
and size of the body of water are related to the peiiod
of the waves in such a way that standing waves are
generated.

The spring tides at the antinode in the Bay of Fundy
have a range of over 50 feet while there is almost
no tide at the mouth of the bay. (The natural period
of the bay has been calculated at 12 hours which is
close to the natural diurnal period of the tides.}

3. Tidal waves may be developed in such basins and sweep up
river as tidal currents or bores. In otter places, the tidal
range may be extreme.

ITl. Waves

The waves which occur at the surface of the ocean are caused by wind
blowing across its surface.

A. The characteristics of the waves depend upon:
1. The speed of the wind.
2. How long the wind blows.

3. The wind's fetch (how long the straight-line distance over the
water is that is affected Lv the wind.)

B. As wind speed, duration, and fetch increase, so does wave size.
However, size is limited by friction and gravity. A wind of 50
knots blowing over a distance of 1500 miles for three days is
required to develop a wave of maximum size.

1 b
(o]
A]
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C. Wave Structure

Wave (enala

Trwst

Herght

'l'rough

1. The period (T) of a wave is the time required for one complete
wave to pass a given point.

2. A wave length is the distance from crest to crest.

3. The wave speed is the wave length .
period

D. Energy and motion in deep water waves.
jt will be seen to move back and forth &———» and up and down

On closer observation, the float can be seen to follow a path
as shown below.

1f a small float is placed in the water's surface and observed, I

“N TN N N W -~ - N\ I -
\ ( N

'
NS S NPAAYAE N e

As the depth increases, the size of the circles decrease. Thus,
while the water-air interface moves across the ocean surfice, the
particles themselves do not muve but simply transfer the motion
from one to another.

E;E{lﬂ;‘ 103
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E. Shoaling water

As a wave approaches the shore, the water becomes less deep, and the
energy of the wave is confined to a smaller space. The wave form
responds by a lengthening of the wave crests as the particle motion
is converted from a circle to an ellipse.

R ' Ereaher

. ) . Particle motion

Circular ,caf‘l‘lc(e rrotien becowes aflipsi 4 Backwash
- |’ ‘|\_'//‘I'\ [ l’ '| ’

() ‘o b K i Beach
—/”—_/

/"_—_—
L

As the water becomes more shallow, the wave height increases until
the ratio of the wave height to wave length reaches 1:7 at which
point gravity causes the wave to collapse. The collapse forward
is known as breaking any generates a swash which moves up onto
the beach. Gravity =hen reverses the flow creating a backwash
which carries the water tack from the beach to the ocean,
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LESSON 14 , Introduction
SHORE PROCESSES

Objectives:

1. To understand the effect of waves on the shove.
2. To develop a mental image of types of shorelines, their features, and how

they are created.

References:

1. THE EARTH - SPACE SCIENCES, Chapter 17.
2. FOCUS ON EARTH SCIENCE, Chapter 12.
3. INVESTIGATING THE EARTH, Chapters 10 and 13.

Snecial Refarerces:

Bascom. WAVES AND BEACHES (Doubleday), Chapters 1, 9, 10 and 13.

Revelle. FRONTIERS OF THE SEA (Doubleday), Chapters 4, 5 and 9.

Holmes. PRINCIPLES OF PHYSICAL GEOLOGY (Ronald Press Company), Chapters 23
and 24,

Gilluly, et al. PRINCIPLES OF GEOLOGY {W. H. Freeman & Company), Chapter 16. .

Wolfe, et al. EARTH AND SPACE SCIENCE (D. C. Heath & Company, Atlanta),
Chapter 17.

Strahler. PHYSTCAL GEOGRAPHY (John Wiley & Sons, New York), Chapter 7.
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LESSON 14
SHORE PROCESSES

Wave Erosion

—1

Ouring reiatively calm periods, waves do little in the way of erosional
work and tend to build up shorelines by moving sand onto the shore.
However, during stormms tremendous waves are generated throwing enommous
amounts of water against the beach. Duying such storms, waves car-y
away considerable quantities of sand and reshape shorelines.

A. Wave Action
Water crashing on shore tends to build a deposit on shore called a

berm, The retreating backwash carries some material back offshore
and forms a deposit called an offshore bar,

Barm

. . N - . .
R B R

Winter f;»ofn'le-,
1. Because winter stom action is severe, the berm tends to be
steep and the bar is well developed.

2. In summer, with gentler seas, the berm tends to smoots out
and bars nearly disappear.

¢

’

e 4 ’ . L )
’ .

Surnmer Prof:'le

B. Waves often strike shorelines at ancute &ngles. When waves strike
a shoreline obliquely, two processes occur simultaneously.

1. The waves create a long shsrevetvitcmppa-ahii Tow Water -

one.,

2. The rock and sand particles on the beach are moved down the
Q beach in a series of arched paths.

1106




LESSON 14, Page 2

C. HWhen the shoreline is not straight, waves tend to be refracted,
concentrating energy on the headlands.
Du,:a.(t't"orl
Wave front Wave ener
concentrate on
headlands
D.

When bars are well developed, rip currents tend to occur. Rip
currents are due primarily to piling of water into the trough
between the bar and the beach. When this water finds an escape
route through the bar, the flow may carry swimmers out to
dangerous distances from the beach.

10+
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IT.

I,

Shorelines

The shaps of a shoreline 5 detenn ned by many factors; however, the
retative notion between land and sea level is the most important.

A.

Shorelines can be classified as:

1. Emergent

2. Submergent

3. Neutral

4. Compound

A changing shoreltne level can be caused either by a lowaring ov
raising of sea level or a lowering or raising of the tand. In

some cases, both ray occur simultanzouslty,

Eacn type of shore™ine deve'ops in a characteristic manner sho«ing
particular features

In certain areas, a2 perindic reverzal of motion may result in a
shoraline having the cha-cacter of both submergent and emergent.
These cases are referred to as compound shorelines.

Characteristics of the wajer snoreline types

A,

N

ubmergert shoreiine: deve op when t.e land surface moves down

‘elative o sca level

1. Subrier-ence vesults in 2aod ny of what was previouslv land

. area. Stream and »ivar valleys nay fomi extensive estuaries.
O
o o e .1(1;:
'Y - =
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a. These are soon closed by numerous bars as waves develop
headland beaches and move the sand in the still waters
of the bays.

b As time passes, the closed bays i1l in, and the beaches
are emlar,ed unt1l the irregular shoreline is resnaped
and straightenad.

2. Wnen tne sea floor sinks very slowly and uniformiy, flooding
a previoys’y static sea floor (such as the Continental Shelf
along the Carolira Coast), barrers or long shore ba-s tend
to develep

Series of tnese f-!led-in lagoons can be seen on Florida‘s
Atlantic Coast  (3ee charts of the sbove on follawing page.)
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B. Emergent shorelines occur where the iand is moving up relative
t0 sea level

1. The upward motion o¥ a land surface nannally tends to be jerky
with sudden motion interspersed with thousands of years wvhen
no motion ofcurs. During *he intervais between movements, the
waves cut terraces and create other shoreline features.

Wave cut

cliff

..\" A
S\\/’ o &~ Ten bote
. > \\\\ \
TR AR -
_.'.1_..,-{" A
S e o~
- ter creh —

ERIC

Aruitoxt provided by Eic:
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a. Anong the features developed, some of the more prominent
are:

1) Stacks

2) Wave~-cut cliffs

3) Wave-cut terraces or benches
4) Sea caves

5) Sea arches

b. Wave refraction will alse create bars, beaches, and
tombolos by moving sand materials from place to place.

C. Neutral shorelines are formed by processes other than chanyes of
sea level (lava flows, glacial shoreline, etc.). Neutral shore-
lines may be submerged or elevated after their formation.

D. Compound sherelines result fron complex movements, resulting in
forms common to more than cne type of shoreline {a mixture of
neutral and submergent features, or submergent and emergent
features).
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LESSON 15, Introduction
MINERALS

Objectives:

1. To introduce minerals as the basic building blocks of rocks.
2. To gain an understanding of properties of minerals and the process of
identification.

Referances:

1. THE EARTH SPACE-SCIENCES, Chapter 22.
2. FOCUS ON EARTH SCIENCE, Chapters 3 and 4.
3. INVESTIGATING THE EARTH, Chapter 2.

Special References:

Wolfe, et al. EARTH AND SPACE SCIENCE (D. C. Heath, Atlanta), Chapters 3
and 4.

Holmes, PRINCIPLES OF PHYSICAL GEOLOGY, (Ronald Press, New York}, Chapter 4.

Gilluly, et al. PRINCIPLES OF GEOLOGY (W. H. Freeman & Co.), Chapter 2.

Stuckey and Steel, Educational Series No. 3 GEOLOGY AND MINERAL RESOURCES
OF MORTH CAROLINA (Division of Mineral Resources, Raleigh).

Activities:

1. Investigating rocks and minerals
Escp 2-2 Text 39

2. Investigating the "Big Q"
ESCP 2-7 Text 50

3. Crystal Systems Exercise

We have been studying the way in which a crystal grows. The purpose
of this exercise 15 to become acquainted with the major patterns in
which crysta’s grow. You will remember that crystals can be described
by using the axes along which their faces grow. Therefore, if we know
the length of the axes ard the angles between them we can describe the
crystal.

Crystals grow in thousands of shapes and sizes tut all crystals can be
classified into six maje~ catagories or classes. The first part of this
laboratory exercise ¢ansists of constructing a model of each of the
mijor crystal types Attached to this paper you will find patterns

for each of the major crystal types. Using scissors and paste construct
each of the models provided. You may find it helpful to paste the
patterns to stiff pieces of paper bofore cutting them out. When you
have completed the models, take a needle and thread and put axes into
each mode}. Remember a crystal axis is always at right angles to the
surface of the «rystal. The diagram on the following page shows the
axes for a cubic coystal.
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c,y,fa/ face

- Crystal axes

o /

Crystal Systems Exercise

Instructions: Try to arrange the crystals you have constructed on
your desk according to size and shape. The table below gives the
crystal name. Using a textbook or any other reference you desire
fi11 in the table. Under length of axes indicats whether the axes
are longzr, shorter, or the same length as one another. Under
angles between axes indicate whether the axes are at right angles or
other than right angles to one another.

Crystal
System Name Length of axes Angles between axes

Cubic

Tetragonal

Orthorombic

Hexagonal

Monoclinic

Triclinic
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TRICLINIC

Fo o= =
a 4 ~
-\\

Cut along solid lines.
fold along dotted lines and paste where indicated.

ERIC
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MONOCLINIC

e e e e e e e =2 )
/T[“-_pd_{"_f__ _ - - /art-

- - - - - = - - - - == [

| | | !

o ! | '
L]
4:' | I i-u
Cl | ' 'S
G ' | lf

\l& ' | !

i T P | L - - - - - _ _
Pagte / l Paste //

Cut along solid lines.
Fold along dotted lines and paste where indicated.

o
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HEXAGONA

C* along solid lines.
Folu along dotted Tines and
paste where indicated.

- — — -

lfasie

Faste

Paste
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ORTHOROMBIC
/’a-si‘? _____

|

| i

4 |
%

N |

I

QI

N

ol

¥

Cut aleong solid lines.
Fold along dotted lines and paste where indicated.
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TETRAGONAL
r’“ ' ] N
! ! I i
ol | | L
It I | <
< | ! :nf
| |
\l e e e l)
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T Paste 7]

R

Cut along solid lines. _
Fold along dotted lines and paste where indicated.
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cuslic
— T [
| | | |
|
! | ] |
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¥ '
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] '_.__ e — :
e e m = = ==
r-. —————————
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Paste
Cut along solid lines.

Fold on dotted lines and paste where indicated.

Q
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4. Compositicn of the ea-th's crust

Plot the data shown be'ow in 3 bar grzph torm, Wha elemenis would 2
rock picked up on the ezvth's surface be mIst 1ikaly *2 contain?

TABLE OF COMMON ELEMENTS

Nam2 Symbo? Percentage of
the < .5t by weight
Oxygen 0 46 60
Sriicon St 27.72
Aluminur A3 813
iron Fe 5,00
Calcium Ca 3.63
Sodium N3 2.82
Potassium K 2.59
Mzgnesium Ma 2 09
Hydrogen H ¢.14
Titanium TS 0.40

Data taken from: NTRODUCTICN TO PHYSICAL GEO: 0GY,
congwell and F'ipt. John Witey &
Sonc, Inc., 19A3, pp. 3%

45 ¢
%

- O

3B 7
30 -+~
25 +

N LN O

20 T
15 4

< o

10 +

o E
[24]
.
e

0 SH Al Fe Ca i2 K a H T4 Others
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5. Crystal growing

MATERIALS:

Bell Telephune microscopes, Prepared slides (salol),
Alcohol lamps, Microprojector, Clean slides
Assorted chemicals

PROCEDURE:

1.

Activity:
Either or both chemicals listed below may be used.

Salol™~

a. Take prepared slides of salol to alcohol lamps and warm
them just enough to cause melting to occur.
CAUTIDON: ™ Salol melts just above room temperature.

b. Place slides in microscope and seed with a very small
amount of crystalline salol ; in some cases it may only
be necessary to disturb the molten salol with a tooth-
pick in order to initiate crystallization. Take plenty
of time and observe crystallization.

Saltpeter

a. Mix super-saturatad solution of saltpeter in very small
flask. Heat until all crystals are in solution.

b. Place a clean slide on imicroscope stage, and put one drop
of the warm solution on each slide.

c. Watch drop very carefully. Crystallization will begin as
solution cools.

Teacher demonstration:

Use microprojector after activity to insure that all students
have seen the same things. ' Crystallize the following in order
as time permits:

COMPOUNDS VS, CRYSTAL TYPES

Sodium Chloride - Cubic
Ammonium Dichromate Hexagonal
fmmanium Chiorate Feather Line (Monoclinic?)

Satow: - Hexagoral
Sodium Thigsulfate - Hexagonal
Sodium Hitrate - Yonoclinic or Triclinic?
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6.

Grow Your Own Crystals
MATERIALS:

Potassium bromate
Distilled water
White cotton thread
Light flexible wire

PROCEDURE:

One of the simplest and finest crystals to grow without special
lahoratory controls is a large crystal of potassium bromate. There
are two steps. First you need a seed crystal. For this, make a
solution of potassium bromate in distilled water and place in a
dish. Allow tha water to evaporate in an atmosphere of about 70° F.
Smal} crystals or seeds will form in the bottom of the dish when all

Clelh ——
v\J/P\\“/‘“//
Sfrﬂny
Saturatee
solution
Crystaf
Yeire

Crytfal @

(& D <rl G

of the wate* has e.aporated. Renove one small "seed crystal” {the
proper size seed crysta® %5 1/8 to 1/8 inch long) and tie some
white cocton thread 3¢ound 't. Attach the loose end of *he thread
to a suppsrt over the growing sd'ution. Llower the seed crystal,
suspended fvom the thread, into the saturated solution of potassium
bromate and allow the solution to evaporate at room temperature.
The sotution may evzporate at a slower rate and a more constant
tenperature in ¢n elzctric refrigerator.

The seed can be hurg from « wire bent into a cobra shape (see drawing).
The basn of toe wire s bent into a sufficiently large circle to
prevent tipping hen olaced into a saturated selution for growing,
the seed shculd hang an inch or so from the growirg bottle. The end
of the wire cobra should be below the solution surface. As a covering
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for the jar, a piece of clocth is held in place with a rubber band.
(In place of the wire cobra, the string may te suspended from a
cardboard cover over the top. of the jar.) Time and evaporation
will dn the rest of the job,

Almost any substance which crystallizes upon evaporation can be
used for crystal growing. When grown, they can be preserved by
covering with clear varnish.

For further inforination see CRYSTALS AND CRYSTAL GROWING (Science
Study Series S-7), Holden and Singer, (Doubleday}.
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MINERALS

II.

I,

Stratigraphic Divisions of the Earth

Nearly 2,000 years ago phitosophers divided the earth into three
major divisions:

THE ATMOSPHERE - The earth's envelope of air
THE HYDROSPHERE - The earth's envelope of water
THE LITHOSPHERE - The solid materia? of the earth

A1l of the materiais (so'ids, liquids, and gases) which are part of

the atmosphtere, hydrosphere, and lithosphere are combinations of

92 natural elements.

Minerals

A1l of the rocks on the earth are mixtures of minerals which are

censtructed from 92 naturally occurring elements. The character

of the racks over which we walk determines both the terrain and

the economic future of a region. Thus, it becomes important to

stucy the origin, properties, methods of formation, and destruction

of the mine~als and rocks in order tc unders.and their effect on
the region in which they occu-,

A. Minere's ire defined as naturally occurring substances of
inorganic origin with relatively fixed chemical and physical
properties.

B. The properties of any given mireral are determined by:

1. The chemnistry of the va<‘cus elements composing the
conpound

2. The phyeical a»r3ngement and size of the atoms involved.

C. The cher 23 properties of a mineral determine its usefulness
I p p > ] . 0] ]
to man ard ‘tg behavinr under varying chemical conditions.

Crystals

Minerais 3-e compounds; and, &5 such, they are composed of atoms.
The arrangement of atoms determines the shape, :olor, hardness,
density, etr., oY the mineral.

A. The great majority of minesa*s form by adding atoms and
molecules t0 an orderly arrangement called a crystal,
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1. A few minerals have no orderly pattern and are said to be
amorphous.,

2. Crystals grow by adding atoms or groups of atoms about a
common center.,

a. The manner in which the atoms pack together determines
the manner in which a crystal grows.

b. The manner of packing is determined by the various
sizes of the atoms involved in forming a crystal.

() OO0 0o

Chlorine =4 Fluerine =l Sodiumt! Silicontl Iron+3F
01/36!1 -2 Potassium+l

o (O o o °

Alauminum*® Leudt#$ FPhosphotes t§ Carbhont? Su,,:hur +£

¢. Crystal faces grow at right angles to fixed axes.
The length of an axis and the angle between axes is
established by packing
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D. There 2-e s¥v major qriups 2v33nized on the basis of axis angles,
21! e

numbers, and lengths, ‘nto whizh ceystals can be classified:
1. Cubic 4. Hexagonal

2. Tetragonal 5. MWoroclinic

3. Orthorombic . Teiglinic

IV. Properties

A. Normally mirerals may be idewtif‘ed by the use of saveral of their
prope-iies.

1. These properties miy be divided into two grsoups:
a. \Vrisible p-overites
b. Special pvopertres
2. Those properiies that 3-e the easiest o determine are used
€i::t, 2nd other prrpertips are examined *n turn if they are
recessary for completa identification
B. Some 300 minera’s oicuv coamnnly dr natyre. The remaining 1,700
ave rave ard usual’y reauire ciceful we-k znd good technique for
positive “dentitication

V. Visible P ope-ies

A, The s3-73:%ed v ¢1b'e prope-t-es are:

1. Luste- 5 Ha-dress
2. 2o 6 Crystal form
2. Strezk 7 Specific grivity

4. C(-ezvage and “reciuce
VI. Examination of Indi idu2t Prope-tres
A. Col:r
1. Coiar is a ~ather unre'izb’e cha-acterscti~. Minerals may
va~y stightly in “Fai- corpositien ov hzve inclusions of other
mate-<3ls. These sa-.atianc nftan cayse changes ir color.
Thuz, the co'o’ 7 2 gi.en satple may vary widely

2. MWezthering !the <kea=3t h.ezkdawn of 3 mineral) often results

in g rhange "0 €°)> At thp cpsfare o g mingsy) In these
cases the enav nf 5 ¢ eshly hroken suciyze vs usually
Yo i hie

ERIC 126
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B.

Streak

1. Streak is the colo» of a thin Tlayer of finely powdered
mineral,

2. Streak is usually obtained by rubbing the mineral against
a "streak plate" made of unglazed porcelain (the back of a
ceramic tile).

3. The streak of a nenmetallic mineral is novmally colorless
or very light while that of a metailic mineral is usually
dark.

Luster

1. Luster is the ability of a mineral to reflect, refract,
and/cr absorh Yight falling on its surface.

2. Minerals novmally have ore of the following lusters:

a, duil e. earthy

b. pearly f. metallic

C. resinous 3. glassy or vitreous

4. sitky h. brilliant or adamantine

(diamond like)
Crystal Form
1. Cryst.1 form ysually is a good indicator cf a mineral group.
2. Irregularities in growth conditions ov the presence of other
minerals may affect the crystal shape. When a crystal has
move thzn one form, it may grow in combinations of the two,
or in a corbined form within a single crystal systenm.

Cleavage and Fvarture

1. Lleavage is the breeking of a mineral so that it yields
definite fiat surfaces.

a  (Qlezvage surfaces indicate the crystal structure of a
mineral.

b, Minerals wsu2lly split easily (cleave) along certain
fazes or plains which usually ave crystal faces.

O

Cleavage ‘s described as: Poor, fair, good, perfect,
eminen.
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2. Fracture is the way in which a mineral breaks when it does
not yield along a cleavage or parting surface.
a. Fractures often reveal the true color of a mineral.

b. Since fractures are distinctive, they may also aid in
identification.

c. Fracture is described as: Conchoidal, Fibrous, Splintery,
Irregular, and Earthy.

F. Hardness

1. The hardness of a mineral is its resistance to abrasion
(scratching).

2. The hardness of 3 mineral is determinad by the arrangement
of atoms and not just the elements which make up the mineral.

Example: Diamond and graphite are toth carbon.

3. Some minerals exhibit varying hardnesces depending on the
direction in which they are scratched. This is often
important in identification,

4, The standard scaie on which hardness is measured s known
as the Mohs' scale.
MOHS' SCALE

(Nemonic Jingle) Hardness Test Mineral
To 1. Talc
Go 2. Gypsum
Calling 3, Calcite
Fast 4, Fluorite
At 5. Apatite
Fine 6. Ortnoclase
Quarters 7. Quartz
Take 8. Topaz.
Care 9, Corundum
Driving 10, Diamond

HARDNESS QF SOME USEFUL EVFRYDAY STANDARDS

2.5 Fingernail
3.0 Penny

.5 Glass or knife blade
.5 Steel file

o n
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G. Specific Gravity

1. The relative weights of minerals can be judged roughly by
"hefting” two pieces of approximately the same size.

2. Specific gravity is a measure of a mineral‘s weight in
relation to an equal amount of water.

Bry weight
————— = Specific Gravity
Net Weight

fet Weight = Dry weight - wet weight
VII. Special Properties

A.  Clertain minerals have special properties which make them unique.

B. Some typical special properties include:

Magnetism Radioactivity
Piezoelectricity Temperature of fusion
Fluoresrence Optical properties ~ index of
Phosphorescence refraction birefringence

VIII. Special Tests
A. [ certain cases when the mireral being identified is one of
the rare group or when two minerals nave very similar properties,
it is necessary to resort to special tests.

1. Special tests inciude checking for special properties and
certain chemical tests.

2. The simple chemical tests include:
a. Acid 30lubility and/or reaction
b. Color tests
3. Blowpipe - uxidation and reducticn
4. Flame tests - color of solution in flame
5. Bead tests - oxidation and reductior

6 Open tube and closed tube for coler and odor.
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IX. North Carolina - Minerai Supermarket

North Carolina is unusual in that there are probably more different
minerals found within its borders than in any other political unit
of equal size. More than 300 minerals have been found in Noith
Carolina, and many occur in considerable guantities. Lists and
locations of numerous collzcting sites can be found in THE DIVISION
OF MINERAL RESOYRCES, CIRCULAR 16.
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LESSON 16, Introduction
IGNEQUS ROCKS AND ROCK FORMING MINERALS

Objectives:

1. To develop a concept of the rock cycle in terms of function,

2. To recognize the rock forming minerals and understand how they may
combine to form different types of rock.

3. To understand igneous processes in general terms inciuding formation
and activity.

4. To recognize igneous land forms in terms of structure and in termms of
the history they represent.

References:

THE EARTH - SPACE SCIENCES, Chapters 22 and 24.
Z. FOCUS ON EARTH SCIENCE, Chapters 4 and 5.
3. INVESTIGATING THE EARTH, Chapters 2 and 15.

Special References:

Wolfe, et al. EARTH AND SPACL SCIENCE (D. C. Heath & Company, Atlanta),
Chapters 4, 5, and 6.

Bullard. VOLCAMOES: IN HISTORY, IN THEQRY, IN ERUPTION (University of
Texas Press, Austin Texas).

Pirsson and Knopf. ROCKS AND ROCK MINERALS (John Wiley & Sons, New Yori).

Gilluly, et al. PRINCIPLES OF GEOLOGY (W. H. Freeman & Ccmpany}, Chapter 18.

Hoimes. PRINCIPLES OF PHYSICAL GEGLGGY (Ronald Press, New York), Chapters
4 and 5.

Activities:

1. Investigating rocks and minerals
ESCP 2-2 TJext 39
Teacher's Manual 70-74

2. Investigating rocks from the cores of mountains
ESCM 15-1 Text 332
Teacher's Manual 409-410

3. Investigating igieous rocks
ESCP 15-4 Text 337
Teacher's Manual 415-416

4. Laboratory exercise:
Identification of Rock Forming Minerals

Using the table and specimens provided, identify each and compare one
with another. Refer to the material in Lesson 15 if necessary. When
you have conpleted tne identification, take a hand lens and try your

hand ?ith some large grained igneous rocks, (See table on foliowing

page.
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LESSON 16

IGNEQUS ROCKS AND ROCK FORMING MINERALS

I. Rocks are classified according to their origin.

A. Origin can be determined from evidence found in the rocks aid the
circumstances in which they are found.

B. There are three major types of rocks. i

~

1. Ignecus rocks {formed from molten material beneath or on the
earth's surface).

2. Sedimentary rocks (fragments of rocks which have been trans-

portid to a new area, deposited, and cemented to form a new
rock).

3. Metamorphic rocks {changes in rock caused by heat and/or

pressure applied to any type of previously existing rock may
produce metamorphic rock).

II. Rocks develcped from magma are eroded, transported, deposited, and
metamorphosed, in an endless series of events known as the Rock Cycle.

Masmd- "'(~
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11T, Over 90% of all rocks are composed of only ten minerals. They are known
as the "major rnck forming minerals" and are listed below:
A. Feldspar (several kinds are found, color varies),
1. Orthoclase (KA]Si308) - ¢common in granite.
2. Plagioclase (NaAlSi30g) - common in most other igneous rocks.

B. Quartz (5102] - very common and very resistant to weathering and
erosion.

C. Mica

ERIC 1. 8iotite (black)
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2. Muscovite (white)

D. Pyroxenes (most camion is Augite)

E. Amrhiboles (most common is Hornblende)

F. Calcite (CaC03) - found in limestone and marble

G. Chlorite {mica rich silicate)

H. Mivine (MgFe),Si0,

I. In igneous rocks, the composition coupled with the grain size and
texture are used tc determine a name.

I¥. [Igneous rocks form from molten materials originating far beneath the
earth's surface,

A. The hot liquid magma, which is the source of igneous rock, comes
from deep within the earth's crust,

1. The heat which is necessary to m21t the rocks is believed to
come from radioactive elements within the rocks.

2. Rocks are kept solid at depth due to the tremendous pressures
bearing on them.

3, If the pressure is released by shifting of the rocks, the
rocks may become liquid due to the extreme temperatures
occurring at this depth beneath the earth's surface.

4. Thus, in the event of a pressure release, a body of magma
(liquid rock) may form.

/BYENN® >
W
Q
~
R

Orop in pressure ("=~~~ ; ‘d
mey cause Phace L ! ?UI

ch ange

7'em,o‘rufure

B. Rodies of magma may work their way to the surface in several ways.

1. Overlying rocks are :racked and broken due to the upward
pressure exerted by the magma,

2. Overlying rock may also be removed by melting.
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Igneous magmas which reach the surface are termed extrusive igneous
rocks.

1. Magma that reaches the surface is calied lava.
2. Extrusive igneous rocks form volcanoes and lava flow,

3. These extrusive rocks are usually very fine grained or glassy
due to rapid cooling.

Igneous rocks that do not break through the surface are termed

intrusive igneous rocks {also called Piutonic).

1. These rocks show varying grain size depending on their rate of
cooling.

2, Intrusive igneous rocks are often exposed at the surface (after
cooling) by erosion of the overlying rocks.

Differences in the rate of cooling procduce differences in crystal
size on which texture classification is based.

1. Intrusive rocks that cool slowly becone very coarse grainc |,
These rocks are usually deep in the earth's crust at the time
of cooling.

2. Intrusive rocks that cool more rapidly are finer grained. These
rocks are usually nearer the surface at the time of cooling.

3. Some intrusive and extrusive rocks cool slowiy at first and more
rapidly later on. This produces a texture of mixed grain size
called a porphyry (porphyritic texture).

4. Extrusive igneous rocks usually cool rapidly because of their
exposure at, the surface. This results in an extremely fine
grained or even glassy rock.

[gneous rocks of special interest

1. Pegmatite - very coarse grained variety of granite (found in
North Carolina)

2. Pumice-Rhyolitic lava that cools rapidly trapping gas bubbles
within the rock {very light weignt, wiill usually float in
water).

Types of intrusive igneous rock {classified according to iheir
corposition and texture).

1. Light colored rocks {nigh in silica content) termed silaceous,
felsic, or acidic.

2. MNark colored rocks (contain iron and mignesium and less silica)
termed mafic, basaltic, or basic.

3. Texture depends on the rate at which the rock ccols.
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V. lgnecus intrusigns

A, Types of intrusive bodies.

1.

Batholiths - a large body of intrusive igreous rock vhose
Tower 1imit is irdefinite. Batholiths usually formn the core
of mountain systams {see A in following diasgram)

a. Due to their -olune, batholiths cosl slowly and the grain
size varies from fire grained rocks near the edges to
larger grained rocks near the center,

b. The Idaho Batiolith is an example of this.

Stock -

Lock - a smaller body of intrusive igneous rock, smaller
than 49

square miles (see B in follewing diagran).

Laccolith - occurs when intruding majgna roves betueen existing
layers of rock causing them to arch upward.

L4 VA
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a. The heights invnlved may reach 1,000 feet over an area of
100 square miles. Laccciiths have definite floors {sa22
drawing below and C in following diagram).

b. The rocks are similar to those of a batholith and vary
in texture according ta the size of the mass.

4. Sills - sheet-like mass of magma thet flows between existing
layers of rock forcing the layers apart but not doming them
as in the czse of the laccolith (see D in following diagran).

a. The walls of a sill aye roughly parallel with those
enclosing layers of rock.

b. Cooling is rather rapid along the contact zones and slower
nearer the middle,

5. Dikes - a mass Of magma that fills a crack or fissure in existing
rock structure. Dikes are aften outgrowths from a larger igneous
intrusive bodv (see E in following diagram).

a. Cooling of the magma in a dike is similar to that in larger
masses.

b. Because of the large amount of gas and water vapor that is
often present, magmas may remain fluid for long periods of
time., Thus, very large crystals are cften found associated
with dikes.

6. Volcanic necks or plugs - the magma passageway of a volcano may
cool forming a snlid plug. These plugs are often exposed by
erosion. An example of this is shiprock. (See F in following
diagran. )

7. Metallic ores and mineral deposits in igneous rocks.

a. The ores of metals that are valuable to man are nomally
found in association with igneous rocks.

b. As the mayma moves toward the surface, varicus materials
crystalize out at variou:z tvemoeratures and pressures. The
minerals collect in a crack or crevice of tne cooling
igneous magma.

c. A mass of material collected in a crack or crevice is called
a vein, Often small quantities of the mineral are present
Q in the rocks surrounding a vein {may be metallic ore or gem

]E[{J!:‘ material),

d. A system of veins may be referred to as a lode.
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LESSON 17, Introductisn
EXTRUSIVE IGNECUS ROCKS AND VOLCANOES

Objectivas:

1. To understand extrusive Tgneous processes and the land forms they
create,

2. To be able tc recognize extrusive materials and relate them to the
process that created them.

References:

1. THE EARTH-SPACF SCIENCES, Chapter 22.
2, FOCUS ON EARTH SCIENCE, Chapter 5.
3. INVESTIGATING THE EARTH, Chapter 16.

Special References:

Wolfe, et al. EARTH AND SPACE SCIENCZ (D. C. Heath & Company, Atlanta),
Chapters 5 and 6.

Bullard, Fred M., VOLCANOES, IN HISTGRY, IN THEORY, IN ERUPTION, {University
of Texas Press; Austin, Texas).

Gilluly, et al. PRINCIPLES OF GEOLOGY, (Freeman Publishing Company),
Chapter 1i8.

Holmes, Arthur, PKINCIPLES OF PHYSICAL GEOLOGY, (Ronald Press, New York),
Chapter 5,

Pirssen and Knopf, ROCKS AND ROCK MINERALS.

Activities:
1. Formation of Volcanic "G}ggs“ Vs. Crystallization

ESCP 15-5 Text 3’
Teach2rs Manual 418-419
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LESSON 17
EXTRUSIVE IGNEOUS ROCK3S AND VOLCANGES

I. VYolcanism-- Ignegus extrusive reocks
A. The term volcanism covers all types ¢f volcanic activity.

1. Processes ihat give rise to magma and cause its movement within
the earth.

Expulsion of gases, lava, and solid materials from openings in
the =arth's crust.

[a%]

B. Many nmyths and iegends center around the evideince of volcanism.
VULCAN - The ancient god of fire (Rowan).

II. Extrusive Yolcanism

A. VYolcanoes are mountains or hiils formed around 3 vent in the earth's
crust through which hot materials are expelled,

1. The type volcano is detemined by the type of cone.
A cone is the name given for the solids built up around a
vent,

2. The type of cone developed depends upon the chemical and
physical nature of the material being ejected.

a. Shield Cone - Besaitic lavas fiow freely, forming broad
flal cones with iarge bases and gentle £,opes.
(Example: Hawaifan Islands)

o
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b. Cinder Cones - The ejection nf sharp angular fragments

results in a cone witn very steep sides hecause the
perticles interlock.
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c. Silica wich lavas are viscous and result in canes with
steep sides. Becausa the lava hardens before it his
chence to spread, steep-sided cones are formed. Leva of

B. Types of Eruptions
1. Quiet Volcanism - This type of volcano is nen-explosive.
a. Lava is fluid {basaltic) and gives off gases readily,
. Soreads quickly to form a shield-typzs cone.
2. Explosive Volcanism - Some volcances explode with unbeliev-
able violence. The eruption is often preceded by loud

rurbiings and earthquakes wiich cpen fissures, drain lakes,
and create hot springs. {Example: Krakatoa)

3. iIntemediate VYolcances - This variety of volcano is a combi-
nation of tie quiet and explosive types, being scmetimes
quiet, sometimes explosive, and somerimes a combination of
both.

4. Fissure Eruptions - This type of extrusive activity does not
build @ cone. Floods of verv fluid iava are extruded, foming
lava plains and lava piateaus. (Exannle: Columbia Plateau)
Fissure eruptions have occurred in modern times in Iceland.

¢I. Products of Eruptions
£, Gases and vapors:
1. Steam is tne most abundant vapor that escapes.
2. f{issures or holes fram which gases escape - fumaroles.

3. yydrochlcric and hvdrofluoric acid, sulfur oxides, and boron
compounds yize with the steam,

ERIC
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4. Vapors also include gaseous metals. These are normally
deposited on or near the surface as incrustaticns.
5. Other gases - C02, co, CH4, HZNH4, 02, He, and Ar.

6. Fumaroles are common in areas of active volcanoes and are
found in areas where no surface activity 1s present,

B. Fragmental material from large chunks to dust size.

1. Volcanic bombs form when liquid solidifies during its

fliaht through the air.

¢. Blocks may weigh several tons

3 Intermediate size particles are called lapilli or cinders.

4. The finest particles are ash ind dust.

€. Liquid material - lava.

1. Generally issuzs from & fissure.

2. Temperature of lava is about 1,000” €. (1,830°F.)

3. The rate and method of cooling determine the lava type.
Blocky (aa) Lava - Lava cools at the surface while the under

parf is very hot. Crust breaks into jagged chunks as the
jiquid moves under i..

Pahoehoe - Lava solidifies with siooth, ropy appearance.

Pillow Lava - Develops when basaltic lava flows into water
developing a structure resembling a pile of pillows,

4, Condensed water stmetim2s mixes with volcanic ash and dust
to produce tnick streams of aud - nud torrents.

VII. Extrusive rocks occur as lava flows, volcanic ejecta, and volcanic
ash.

A. Rhyolite and Basalt - fine grained lavas.
1. Rayolite is the acidic (high silica} form,

2. Basalt is the basic (low silica, high iron and maagnesium)
form.

B, Obsidian - glassy rock forned when extrusion ccnls very fast,
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C. Pumice - rock which cooled rapidly as a froth.
D. Scoria - extrusive basaltic lava which cooled forming bubbles,

E. Tuft and Breccia -~ formed From dust, ash, and fraoments thrown
out by the volcano. (Tuft is fine-griined; breccia, larger.)




LESSON 18, Introduction
WEATHERING

Ovjectives:

1. To gain an understanding of the processes by which rocks are broken
down.
2. To develop a concept of the formation of soils.

Referencer:

1. THE EARTH-SPACE SCTENCES, Chapter ¢5.
2. FOCUS ON EARTH SCIENCE, Chapter o.

3. INVESTIGATING THE EARTH, Chapter 12.

Special References:
wolfe, et al. EARTH AND SPACE SCIENCE (D. C. Heath & Company, Atlanta),

Chapte¥ 7.

Holmes, Arthur, PRINCIPLES OF PHYSICAL GEOLOGY (Ronald Press, New York),
Chapter 14.

Gilluly, et al. PRINCIPLES OF GEOLOGY (Freeman Publishing Company),
Chapter 4.

Activities:

1. Inves*igating Products of Weathering
ESCP 12-3 Text 274-275

2. Activity: Steel Wool Oxidation
ESCP 12-2 Texty, 273
. Teacher's Manual 333-336

3. Flocculation Demonstration
ESCP 12-4 ieacher Manual 336-337

4, Scil Prafite: Find a road cut, stream bank, or othe: exposure and
sketch the soil profile to scale showing the various horizons.




LESSON 18
WEATHERING

[. Introduction
A. MWeathering is the breakdown of existing fresh rock.

B, MWeatheriny is also a process of adjustment to changes in condi-
tions.

1. Rocks that becoms exposed at the surface are subjected to
conditions different from those under which they were
originally formed.

2. Heal from the sun, moisture. frost, and wind action contri-
bute to the breakdown ot rock into small pieces.

3. The firal end product of all weathering is soil.
II. The process of weathering can be divided into two classes:

A. Mechanical Yeathering - Rocks may be broken down by mechanical
weathering into smaii pieces without undergoing any chemical
change.

1. Frost wedging - Water seeps into cracks in a rock and may
freeze. Freezing waier expands and splits the rock.

a. This process is capable of prying off large blocks
from great masses of rock.

b. «(rost wedging's greatest effect is through the constant
chipping off of small grains of rock as water seeps into
tiny crevices and freezes.

2. Exfoliation - Causes flakes to peel off exposed rock
surfaces.

a. Most exfoliation occurs in humid climates and is
caused when certain minerals absorb water and expand.

b. This coupled with unaqual expansion of the rock's outer
surface and its interior causes curved flakes to split
off the rock.

3. Plants - Plant roots growing down in cracks in rocks cause
the rocks to split (root wedging).

4, Animals - Burroving animals expose fresh rock to the agents
of weathering and smaller animals such as earthworms 100sen
the soil allowing free access of water and air to fresh rock.
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3. Chemical Weathering - Chemical changes that cause rock fo
disintegrate.

1. Reactions take place beiween minerais in the rock and
COZ’ 02, and HZO'

2. The products of mechanical weatharing are merely smaller
fragments of th=2 original rock. Mochanical weathering
contributes to chemical weathering by increasing the surface
area that can be attacked by chemical weathering agents.

3. There are several types of chemical weatierirg, each p-o-
ducing a preduct different firrom the original rock,

a. Carbonation - action of carbon dioxide, COZ’ aione has
Jittle effect, but CO2 + HZO - HZCO3 {carbonic acid)
which dissolves carbonate conpounds {calcite, limestone).
CaC03 + H2C03 ety Ca(HCO3)2

Water Soluble
b. Oxidation - combination with oxygen.

{1) Especially effective on ircn bearing minerais,
(2) ZFeS2 + ZHZO + 702 —— e 2FeSO4 + 2H2504

Pyrite (insoluble)
{Water Soluble)

C. Hydration - combination with H,0.
(1) Hydration causes swelling - *thus, exfoliation
is due in part to this process.
(2) Fe203 tHO > Fe203-H20
(hematite) (1imonite)
d. Leaching - dissolvinyg materials from soil and rock.

e. Plants and animals produce acids that aid in weathering.

C. Over long periods of time all types of rocks were broken down and
the surface of the earth accumulated this debris.

1. Mantle rock - detached rock fragments on the land surface.
2. Bedrock - solid rock beneath the mantle rock.

3. Large boulders separated from the bedrock are called residual
Q boulders.
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III. Factors affecting the rate of weathering.

A. Nature of the rock - the cemposition of some racks is more
susceptible to erosion and weathering.

1. Quartz is very resistant to chemical weathering.
2. Calcite can be dissolved easily.

3. The type of cement in sedimentary rocks affects the rate
of weathering.

B. Size of particles - smaller particles weather faster. (Greater
area exposed to weathering.)

C. Climate
1. Weathering is slower in dry climates.
2. MWeathering is greatest in nhumid, warm areas.

3, Relics brought from Egypt (well presaerved after 2000 years)
have weathered away very rapidly in England's moist climate.

D. Topographic Conditions
1. Altitude.

2. Slope of the land - steeper slopes allow more removal by
erosion thus exposing new surfaces to weathering.

3. Exp.sure to rain and sun.

IV. Soil is a collection of natural bodies on the earth's surface
containing 1iving matter and capable of supporting plant life.

V. Type of soil depends on several factors.
A. Parent material - different materials break up in different ways.
Climate

C. ‘opography

o

Action of organisms

£. Combinations of these factors produce a great variety of soil
types.

147



L3N Y3 paus 4

LT PR IN

Vit fqoaleo clazsiiiol ac.oraiog o satyn:
Rogigugl snit - =811 1. o2 Gocatiee o7 i fopnaction,
R, Uravenartad z0°1 - 23S heen [roc:f Tra. iourec apca and danoariosd
W oanot. or arza.

A0TE: Residual soils rict ar vhe icrone frol
darived, Transnortad ¢oils vavr #lo carri:s 0
Tocation oy witg, ruaning watzr, ar alacior.. |
dapands on tae trasiporcine ageni

VI1. One featur: cormon to all <sils is the Soil Profil:

4
)

. Profils ic tha name givan o succotsive Tayor: cal, .. 0F 08

P. Horizons ar: la.eled 25 tasy arad: ifo " droc

TONEICHI) ATV WS Lt

" Aasrayine nlart anc aptle
watarisl)  Cotay 17
it rarYv dare

A - Unrizon (Tonsoil)

T Suatait eoata iz nre dron

- Horizon (Su.soil) puic. av. olav.  Color
- ) eyatiy radois:, ar hroamin,

fee)
)
'
H

“ ~ -
‘ A P 2 CMeatoaren vore s natarial
« C - Horizon i Fand ooz, narsiaity gsavad

P . - 2 rock.

} Bedroc ‘
N : ‘

VIIT, Soil conservation is uvecoming incrracingly imnoriant.

B. Continuous :rosion €xpoi~s sunsoil, .aic §s woor for cruin
sroqt

B. Time is requirzd for soil formation. T w.:t ec'o e fiding
tiai a»oul 0 wears ere raquirzd to rodus: on. i of ol

C  Car2losc rractic2s v man upsat (o0 alanc. of nawurs atu
incrras: frosion

Y. Forest faro
7. Faor farming .t 00"

Y Carnlite mipdag nrantiasc {Feensl o e

ERIC
145



LESSON 18, Page 5

D. Conservation Methods

1. Contour plowing - plow along contours of the land.

2. Terracing - steps are built to reduce the steepness of slope.

3. Strip cropping - plant alternate rows of cover crops ard rcw
crops.

4. Planting vegetation on unused Tand.

5, Alternating crops {(crop rotation) rielps to prevent the
depletion of minerals from the soil by certain crops.

6. Wind brzaks to prevent wind erosion.

7. Fertilization of land aiso helps veturn minerals to the
soiT,
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LESSOY 19, introduction

EROSIIN AND RUNNING WATER

Objectives:

W N =

To davelop a concept of gravity's role in erosion.

To understand the mechanisms involved in stream erosion.

To understand the behavior of a stream in eroding *-~» land surface and
the features developed by its actions.

References:

1.
2.
3.

THE EARTH-SPACE SCIENCES, Chapter 16.
FOCUS ON EARTH SCIENCE, Chapter 13.
INVESTIGATING THE EARTH, Chapter 12.

Special Referencas:
Wolfe, et al. EARTH AND SPACE SCIENKCE {D. . Heath & Company, Atlanta),

Chapters 8, 13, and 14,

Strahler, PHYSICAL GEOGFAFYY {John Wiley & Sons, New York), Chapters 22,

23, and 24.

Gilluly, et al. PRINCIPLES OF GEOLOGY (Freeman Publishiing Company),

Chapters 5, 11, and 12.

Holmes, PRINCIPLES OF PHYSICAL GEOLOGY (Ronald Press, New York),

Chanters 17, 18, and 19.

Activities:

1.

Investigatiig Factors in Stream Erosion

ESCP 12-6 Text 279
Teacher's Manual 33%-340

Investigating Change in Rocks (Stream Abrasion)
ESCP 1-4 Text 19
Teach~r's Nanual 41-44

Take a short walk to the stream nearest your classroom. Using your
material from topograpnic maps, make a simple map shewing the stream
and its valleys. Try to include at least one turn. Using sticks,
styrofozm balls, or some other floating object try to locate, time,
and map the varicus currents. Hint: Vectors are handy here. They
represent speed or force and indicate the direction of force or
motion. Do the curreats change? Why? 0Does gradient have any
effect? How about, neanders?
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4. Teacher's notes fow field-lab investigation on the rate of surface

erosion.

PROBLEM: How much meterial is carried away by Creek each
yeai?

SOLUTION in two stages: 1. Determine discharge of ___Creek,

2. Determine load of Creek.

Note on teaching method: Students should be questioned in such a
way as to lead them toward the desired
solution, The actual math of part three
should be avoided with all but the more
advanced groups.

Need to know: Amount of material being removed from basin.
(Find load of stream on a per year basis.)

Part I. Gauge stream to determine discharge.

A. Materials:

1. Rope marked in one-foot segments.
2. Stadia rod. (Rod 10 feet long marked in feet and

inches)
Graph paper in one-foot units. )
Wood floats. :
Tape measure (ropa may be used).
Stopwatch (or watch with sweep second hand).

[ WS BF AN

B. Procedure:

Stretch rope across stream (level).,

Using rod, measure depth of streain at one- foot

intervals (to nearest inch).

Chart data to obtain cross-section of strezm.

Determine cross-sectional area or Stream Lo neiarest

square foot (eyeball method).

. Measure time regquired for float to travel 100 feet
in section of stream where cross section was
measured. (Use average of three runs.)

6. Hold data for return to lab.

o £ N =

C. Calculations to be meie in lab.

1. Cross sectional area = ( ft.)2

2. Velocity of strear = Run 1 + Run 2 + Run 3 = —Z%— =

( ft./sec.)




LESSON 19, Introduction, Page 3

(ft/sec) (60 scc/min) {60 min/hr) =
(ft/hr){1/5,280 mile/ft) = (velocity miles/hour)
3, Discharge = (crossectional area ftz)(velocity ft/hr)
= discharge £t3 /hr
Discharge/year = (discharge ft3/hr)(24 hr/uay) (365day/yr)
Part II. Sample to determine lord. {Note: This method has some
inaccuracy built in, but a more elabgrate procedure is
impractical.)
A. Materials:
5 one-quart mason jars with caps and seals.
(Previously weigh2d empty, also filled and marked at
one-quart level,)
B. ’rocedue:
Take samples at center of stream in cross-section area
without disturbing bottom and cap immedintely. (Get
exactly one quart.)
C. In Lab:

1. Wt. of container, water, and load - wt. of contafiner
= wt. of water and load (use average of five)

2. MWeigh filter paper.

3. Agitate sample and pour into filter —> dry solids
and weigh.

A. Weight of solids and paper - weight >f paper =
we ight of solids (use average of 1,ve)

5, Evaporate remyining water and weigh evaporites.
(Use average of five.)

6. Soi'ds + Evapsrites + 10% = Load/quart

10% for traction load dragged
or bounced along stream bottom

7. Load/quart x 4.0 = Load/gallon
(Load/gal)(7.480 gal/ft3) = Load/ft3
(Discharge ft3/yr)(1oad/ft3) = Load/year

Part 1HI. Can you list at least five reasons why this is inaccurate
and how these inaccuracies can be corrected?




LESSON 19

EROSION AND RUNNING WATER

II.

Erosion is the process involved in sculpturing the iand.
A. Forces of erosion include streams, giaciers, wind, and waves.

B. The forces of erosion are constantly at work at all points on
the earth's surface above sea level, seeking to reduce these
points to base level of the sea.

Many factors affect erosion. Among the most important is gravity.
Gravity acts continuously, pulling materials downsicpe. Many
movements are a direct result or the action of gravity. Normally
these involve large amounts of material and are referred to a:
mass wasting,

A. l.oose rock falling from cliffs and steep slopes form talus
piles at the foot of the siope.

Gravity pulls
Focks down whean
locsered

==
itizes
.

30

B. Soil moving sTowly down slope caruses retaining walls to
collapse and telephone poles to tilt over at odd angles.
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C. When a siope or cliff is waakened by excessive raintall or
seismic vibrations, great masses of rock may break loose and
slide down slope.

Sardsteone
— = himi— - ===
{‘mn./f.er'd./ before ll
ol 3,200 £t
l
S Gros Ventre valley slide, Wyormn 7725
D.

Often when banks are cut too steeply, soil is unstable; and

when there is plenty of rainwater for lubrication, small
5lumps will occur.

E. With certain types of soil, excessive rain can cause massive

mudflows.

Blanche river s Ruebeg

O

ERIC

Aruitoxt provided by Eic:
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II1. Next to gravity, the most important force involved in reducing
ctie land surface is running water,

A. The water falling from the clouds may foilow sevaral routes.
f‘\

[rnnspl'raf'l.'orr
ﬁ'unnf‘{‘__

B. The water which stays on the surface begins its trip to the
sea as a sneet flowing over the land surface. This is known
as sheet runoff and does little eroding.

1. As slopes steepen, small gullies deveiop which later will
become small streams.

2. The steeper the slope, the greater tha erosional cavacity
of the runoff water.

C. The water flowing in streams may come from Several sources:
1. Rainfall 3. Tributary streams

2. Sheet runoff 4, Ground water.

~
Tributa 4"l'¢.s-i

G:r‘ou.rn/ wa‘er'

D. The effectiveness of a stream in carrying on erosional work
is determined by several factors.

1. The volume of water flowing through the channel in a given
period of time is controlled by the watershed area.

a. Watershed area is the area of land fiom which rainfal?
will flow into a particular stream.
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b. Watersheds are bounded by high land which separates the
rainfall into two or more areas. These natural
boundaries are kncwn as divides.

Watershed —

c. Watersheds vary in size from individual creek areas to
continental drainage basins.

pra/naq«.
diride-

/\’o'vv -
channels

2. The velocity of flow,
Velocity depends on the gradient or slope in feet per mile.

a. If the gradient is large or steep, the stream has a
high velocity.

b. If the gradient is small o»r gentle, the stream has a
Tow velocity.
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c. Gradient is the slope of the channel:

difference in elevation . rise (in feet) _
distance along streams run (in miles)

gradient
ft/mi

s ?, £ 5 m I'/:"_s
hrep T 1CH¥F

‘-
radient ’-'2'40{‘%'“,,

\

Oistance in miles 8

The type of fiow is determined by the gradient.

a. With low oradients, water foliows a Taminar flow, or
sheet-1ike pattern, and little erosicnal work is done.

b. With high gradients, “he flow is rough and irregular,
or tucrbulent, and more erosional work is done,

Erosion in a stream can occur in several ways.

a. Hydrelic plucking-- Suction of water lifting pieces of
the stream bed.

b. Abrasion-- The grinding of one particle against angiher
resulting in the reduction of the size of both.

¢. Solution-- Dissolving of the stream bed materials in
the water flowing by.

d. Sliding or rolling of large particles along the bottom
of the stream.

e. Saltation-- Skipping and bouncing of smaller particies.

¢ M—(‘.——\_

2{ ——de.  OFsiolved taud

:l. “'»' ‘5".‘ (“‘tel l'u ¢ l'h

?u‘ v—\ ~ Suspens/e
— P P 7 \/ proatn

Dra?y)hy 6oanr/'n: Slrr',c,n‘ny o galtetion
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5. Erosional action is most pronounced in turbulent areas.

a., At the base of waterfalls, turbulence results in
increased abrasion and nydrolic action-- often forming
plunge pnols and undermining the falls,

Plu nge pool
b. On the outside edge of turns in a channel, the impact
of the water results in excessive erosion and
urdercutting,

Depo stion

c. Rocks caught in an eddy, or whir]pbo}, may grind
a pothole in the channel bottom,

IV. Stream Life Cycles

Streams tend to have channel shapes and other characteristics that
are typical of a gradient., As the stream erodes its channel,
removing material and reducing its gradient, the strzam passes

through three relatively distinct stages known as youth, maturity,
and old age.
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These ages are relative only to gradient; and, therefore, a stream
may charige gradient and age several times over its length. In fact,
it is not unusual for a stream to begin as a youthful stream at its
headwaters, become mature at a lower gradient, and enter the sea as
an old-age stream.

Uplift of the land surface, or a lowering of the sea level, may
increase the gradient, thus increasing the rate of erosion and
rejuvenating the stream to an earlier age.

— Youth

eju v&n;[/‘on
Ma tu.n'f‘y
ReJuyenation

You'th\
}a.turfty/ ’
ld age

A. Youthful streams-- characte-istically have steep gradients.
Their valleys are steep-waiied and V-shaped with few tribu-

taries. Alsgo, there are usually large number: of waterfalls
2and rapids.

B. Mature streams-- show a pattern of well-established tributaries
which drain the watershed area efficiently. The gradient of the
stream jis ndt nearly as steep, and most of the waterfalls and
rapids have been worn away. Because of the gentle slope, the
stream chanrel tends to be deflected and wanders, or meanders.
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C. Dld-age streams-- have extremely low gradients, and, as a result,
the flow is quite slow. Normally, the river valley is quite wide,
and the river channel meanders extensively across a well-
developed flood plain,

Natural leyee F/aozlpla"n; Back swarip

1. The channel of late-mature and old-age streams tend to
wander in large loops callzd meanders.,

2. Meanders are developed by erosion on the outside of turns
in the riviy or stream chanrel.

ﬁ;ﬁ_ﬁ‘

3. As the cutting continues, the meanders tighten until cut-
of f occurs and an oxbow lake is formed.

N
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4. Tonis process of cutting will widen a stream valley and
develop flood plain deposits

4
- Back swamp \;’-’Ia»a‘ln.',.n Kol ural Javen
—‘/V\-\
o g
1 il l

Chanrel

with natural levees and back swamps.

5. Rejuvenation may cause entrenchment of old-age meanders
or a mature channel, giving rise to some of the most rugged
topography on earth.
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LESSON 20, Introduction
RUNNING WATER AND LAND FQPMS

Objectives:

1. To develop a concept of the process of deposition.
2. To understand the processes involved and the factors affecting the develop-
ment of land forms by running water.

References:

1. THE EARTH - 3PACE SCIENCES, Chapters i6 and 25.
2. FCCUS ON EARTH SCIENCE, Chapter 13. -
3. INVESTIGATING THE EARTH Chapters 12 and i3,

Special References:

Wolfe, et al. EERTH AND SPACE SCIENCE (D C. Heath & Company, Atlanta),
Chapters 13 and 14.

Strahlgr. PHYSICAL GEOGRAPHY {John N11ey 8 Sons, New York), Chapter 24.

Wyckoff. ROCKS, TIME, AND LAND FORMS (Harper and Row, New York), Chapter 4.

Gilluly, et al, ’RINCIPLES OF GEOLOGY (W. H. Freeman & Company), Chapter 12.

Holmes. PRINCIPLES OF PHYSICAL GEOLOGY (Ronald Press, New York), Chapters
18 and 19.

Shelton. GEOLOGY ILLUSTRATED (W. H. Freeman & Company, San Francisco),

Activities:

1. Investigating the deposition of sediments
ESCP Investigation 13-1 Text 292
Teacher's Manual 357-359

2. Investigating stream action
"5CP Investigation 12-7 Text 280
Teacher's Manual 241
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3. Laboratory: Erosion and Transportation

In this investigation, we shall investigate the relationships involved
in erosion and transportation of alluvium by streams.

PROCEDURE: Set up a stream table by smoothing out the sand. Allow the
water to run slowly onto the upper part of the stream table.
Watch cerefully for the development of a chanrel.

a. Where did the material that was in the channel go?

b. After a channel has developed, experiment with the speed of the
water by varyirg the flow from the hose, What general relationship
can you find between fiow and rate of erosion?

c. Place several small pebbles in your stream channel. Gradually
increase the speed of flow. What relationship do you notice ahout
flow and size of particles that can be carried by the stream?

d. lithout changiny the flcw of water, increase the gradient of your
stream by raising the back. What relationship can be found between
the ergsion done by the stream and the gradient of the stream?

€. Fcrm in the stream channel a series of bends (meanders). Allow
water to flow down this curved channel. Where is erosicn taking
place in the meander curves? Why?
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Laboratory: Depositlicn

In this laboratory, we shalil investigate relationships involving
deposition of alluvium by streams using a stream table., Deposition
takes place ‘vhere the strea” loses nart of its load-carrying capacity.
We shall investigate several cunditiens where deposition occurs.,

DELTAS:

Load-carrying capacity of a stream is reduced when the veloc¢ity of the
stream is reduced. Velocity de...ases when a stream enters a standing
body of water such as a lake or ocean. Reduction in velocity causes
deposition of the transported material on the floor of the basin. This
type of deposit is called a delta.

Raise the rear section of the stream table and form the sand in a

gentie slope towarc the shoreline., Form a stream valley down the center
of the table. Let the water flow at a moderate rate. MWatch the develop-
ment of your delta.

What general) shape does your deita take? Why?

ALLUVIAL FANS:

If the gradient of a stream changes suddenly, the reduction of velocity
causes the deposition of part of the transported material on the flat
land surface. This type of deposit is called an alluvial fan.

Raise the rear secticn of the table and form the sand as a gently sloping
upper secticn with a drop near the center of the table to an almost flat
plain at the foot of the drop. The plain siould slope very slightly
teward the basin,  Shape a stream chnannel in the certer of the table.
Allow a slow to moderate fiow of water down the channel. Watch the
development of your alluvial fan at tae foot of your cliff,

How is the alluvial fan like the delta?

How is the alluvial fan unlike the delta?

GRAIDEZD STREAY:

A sudden decrease in velocity will allow the strean to drop part o its
load in and along the stream bed. If the load is deposited in the
chennel, the stream becomes braided.

O fomi severa! bends (reanders) in the stresm channel. Allow the velocity

E

lzJ!::of the stream to increase s'owly unt?l you can sce particles rolling

Full Tt Provided by ERIC.

along the bed. Then, suddenly cecrease the volume,
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What happened to the particles that were veing carried by the stream at
the higher velocity?

MEANDERS:

Increase the volume until you can just see movement of the water. Observe
tiie meander bends in your channel.

Describe the flow of the stream around the meanders.

Where does the deposition take place in the meander curves?

FLOOD PLAIN DEPOSITION:

Increase the volume until the Jower areas adjacent to the stream are
flooded. Watch the material being carried by the streams.

What happens to part of a stream‘s load during flooding?

This area ~f deposition is called a flood plain. Where are the heavier
particles in the stream load deposited?

This type of deposit is called a natural levee.

Observe the movement of the water across the meander necks during the
flooding.

What s happening as the water crosses the necks of the meanders?

Tnis process aids in the formation of oxbow lakes.

Osserve carefully the processes acting on the meander loops. Vary the
speed of water flow to aid your observations. Experiment carefully and
observe the chanjes thai take place in the meanders.

Describe the shifting of meander loops in rivers and streams. You may
use a diaavam.
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5. Laboratory: Stream Grad.ent

From the data below {taken from the Renova West Quadrangle, Pennsylvania)
construct a profiie of K.ttle CreeX and the Susguehanna Rivar from B.M.
1118 to Renova. Using the long edge of the graph for distance and the
shorter edge as elevation, plot and label each point given in the table
and complete the graph by connecting your points with a line. This is
the profile of the stream. For your horizontal scale {distance from
Rerova), let each large vertical line represent a distance of & miles.
Number each line accordingly. For your vertical scale (elevation), let
each large horizontal line represent an increase of 100 feet. Number
each lire accordingly. Make sure your graph is labeled neatly and
correctly. Neatness is essential in graphing.

DISTARHCE FROM HEIGHT ABOVE SEA LEVEL
___POINT RENOVA (MILES) (FEET)

Renova 0 640

Shintown 2.3 660

Mouth of

Kettle Creek 5.3 675

Westport 6.1 ___ 680

Two-Mile Branch 7.1 700

Short Bend Run 8.5 720

B.M. 75 853 550

Between Five-

Mile Hollow and

Owl Holiow 1o 760

Summerson Run 12.0 e 780

Honey Run _ 13.4 800

Butier Hollow 14 8 820
Summerson Bridge 16.0 B 925 _
Leidy 17.6 860
HammersTey Fork 1§93 8%

Hevner Run Bridge 21 4 L 925

Turtle Point

Hollgw . 236 __960

Hogstock Run 259 1000 _
Laurel Hill

Bridge 2r7.s__ 1030
Crass Fork — TR T T ag

B.M. 1073 30 0 1673

BM. 1118 3170 113

ANSWER THE FOLLOWING QUESTIONS: (Show ycur work)
a. Find the gradients between:

(1) B 1073 and B M 1118

Fnswer: ft/mile

166




LESSON 20, Introduction, Page &

(2) Westport and Two-Mile Branch.

Answer: ft/mile

(3) What is :he average gradient per mile between the two end points
of your profile?

Answer: ft/mile

b. In what part of the stream is the gradient lowest?

c. In what part of the stream is the gradient steepest?

d. How do you account for the differences in gradient along the stream?
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LESSON 20
RUNNING WATER AND LAND FORMS

I. Deposition by Streams.

The amount of materjal that a stream can carry is called its load. A
stream's load is determined Fy: the velocity (the faster a stream flows,
the more it can carry); the s0lume {the larger a stream's volume, the
more lozd it can carry}; and the materia) available for transport.

A. As a stream clows down, the load it is carrying must decrease; there-
fore, some is dropped to the channel bottom.

1. Stream flow may slow down because of a sudden decrease in
gradient. Nommally such a decrease will result in the formation
of 2n alluvial fan.

\%:’ T
| \\\\\ 3
NS

4"\\713\3;:
1 \ Q /5.-oye/: Sards ZS/'/Z‘J * clays
‘ ' \ \m'

2. Stream flow slows abruptly when the stream enters a body of
water such as a lake or sea, The deposition of material under
these conditions usually results in the formation of a delta
except when currents along open coasts sweep the material away.

-

d::<?\§:1 ~Z

a. MWhen the stream slows down, progressively finer material is
dropped.

b. The resulting sorting locates shorelines, gives the history
of deposition, and often yields information on climate.

3. Deponsition occurs on the inside of meander 1oops in the stream
channel forming a bar,

4. Overflow during floods along mature and old-age Streams results
in “l1ood plain deposits and natura) levees tecause of material
drojping near the stream edge as the water slows down.

16o
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~Chanoel

[E:.ck Swamp *Nutural leree

L

5. A decrease in volume because of a drought or an increase in
load can cause a channel to become braided or divided into
many small clogged channels,

Koo
CB&.P Depo si\e
II. Streams take drainage patterns caused by the rocks over which they flow.

A. Dendritic Stream (tree Tike} - flows over rock of equal resistance
to erosion., '

~

Y

=

B. Trellis - determined by rocks of unequal resistances to erosion,
{Example: upturned strata in the Appalachians.)
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C. Rectangular - due to faulting and/or jointing.
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D. Radial - flow out from a common center. {Examples: Dome Mountains,
Crater Lake.)

/s\

E. Centripetal - flow into an interior basin. (Examples: Basin and

Range Province.) ¢//
e

I11. Other Important Terms to Mention (time permitting).
A, Consequent stream - pattern determined by the slope of the land.

B, Subsequent stream - pattern determined by belts of weak rock such
as folded strata.

C. Antecedent stream - maintained its course across a local uplift of
the crust that rose by folding or faulting in its path,

0. Superposed stream - let down from overlying strata onto a buried
surface below.

E. Water gaps - may be cut by antecedent and superposed streams.

F. Wind gaps - abandoned water gaps.
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IV. Sculpture of the Land by Streams

A. A peneplain is the result of stream cutting, weatharing and erosicn,
etc.

1. Peneplain means "alnost a plain.”

2. Peneplain surfaces are created near sea level as erosion wears
away the land.

3. The North Carolina Piedmont is an example of a dissected peneplain.
(Peneplain has been uplifted and is now cut by stream erosion.)

B, Special land forms result when the rock hardnesses are not the same
and erosion takes place more rapidly in the less resistant rock.

p—)

Mesas and buttes occur when a more resistant layer acts as pro-
tection for the softer lower layers.

~r

Cuestas and hogbacks form where more resistant strata are tilted
by diastrophism. These often border dome mountains.

3. Ridge and valley topography occur where rock layers of varying
resistances have beer folded. (Example: Newer Appalachians.)
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4. Monadnock - an area that has withstood weathering and erosion
because of superior resistance. (Examples: Pilot Mountain,
Hanging Rock, Kings Mountain, Mount Mitchell, Grandfather
Mountain.)
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LESSON 21, Introduction
GROUND WATER

Objectives:

1. To understand the processes by which water moves through the ground.
2. To understand the land forms developed by ground water in terms of
proecess of development, surface features, and life history.

References:

1. FOCUS ON EARTH SCIENCE, Chapter 14,
2. INVESTIGATING THE FARTH, Chapter 9,

Special References:

Wolfe, et al. EARIH AND SPACE SCIENCE (D. C. Heath & Company. Atlauta),
Chapter 15.

Strahler., PHYSICAL GEOGRAPHY (John Wiley & Sons, New York}, Chapter 2i.

Gilluly, et al. PRINCIPLES OF GEOLOGY (Freeman Publishing Corpany),
Chapter T4,

Holmes, PRINCIPLES OF PHYSICAL GEOLOGY (Ronald Press, New York),
Chapter 15.

Wyckoff, ROCKS, TIME AND LANDFORMS (Harper & Row Publishers, Inc.,
New York), Chapter 12,

Folsom., EXPLORING AMERICAN CAVES: THEIR HISTORY, GEOLOuY, LORE AND
LOCATION (Collier Books, Inc., New York}.

Activitias:

1. Investigating the Movement of Water in Earth
ESCP 9-3 Text 209
Teacher’s Manual 258-261

2. Investigating Water Budgets
Esce 9-9 Text 218
Teacher’s Manual 267-274

3. Ground water moves downward through pore spaces of rock and soil.
Capillary action causes upward movement.

Materials:

2 ringstands with clamps
glass tubes

aquarium

fina sand
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Procedure:

Fill two glass tubes (approximately 1 inch in diameter and 1 foot
Tong) about half full of dry, fine sand. Support the tubes verti-
cally with clamps so their bottoms are in some type of flat dish
or aquarium. Pour water in one tube. The water will infiltrate
down through the pore spaces of the sand, move into tne dish, and
partially move up the other tube by capillary action.

i

4, HWater is stored :etween grains in rocks where rocks ar. . .tured,
The upper limit ot this storage is zalled the water ta' lc.

Materials:

sand

large bore glass
battery jar

strip of paper
demonstration 1ift pump

Procedure:

Hold a large bore glass tube against the inside of a L Jar
to represent a wel!. Fill the jar with sand and pour - an

the sand until the water level rises about half way 1 o,
Note that the water level is the same culside the weli is

in the well. Rest a narrow strip of wet paprr on thec nark
the water level and develop the verm water table. Ut votra-
tion 1ift pump to remove some of the water from the : call

attention to the lowering of the water -.able.
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The action ot ground water in limestore caverns results in a
variety of geologic features.

Materials:

cord
2 benkers
saturated solution of epsom salt

Procedure:

The formation of miniature stalactites and si3lagmnites can be
demanstrated by laying a cord between two swall vessels filled with
a saturated solution of epsom salt as shown in the diagram. In
caves, the material geposited s calcium carbonate (CaCO3),
dissolved ou* by g¢rourd water.

Man is able to get watev from the ground by penetrating the zone
of water saturation

Materials:

large aquarium tank
modeling clay
gravel or small pebbles

Procedure:

T¢ demonstrate the pperatign of a well, spring and a-tesian well,
build a water-tight layer of modeling clay at ore end of a large
aquarium tank to represent an imper.ious roox layer. Ada a layer
of gravel or pebbles to act a< 1 water-holding bed. Over these
two layers place another layer of imadeling clay to represent the
upper layer of ii:pervigus rorh  Then add a thick layer of soil,
Explain that the permeable layer 35 cpen at the tap o the hill.
Drill a hole, in the flat area of the <cil, with a pencil and
insert a medicine dropper stein, Pagr o wales o represent rain
on the hill top: note that wator WPl toackte tivough the soid

to the top layer of clay Dig 2 shallow wedl in the upper soi)
layer and note that grourd wate- 1s presert.  The water trapped
between the two fmpervious laycrs will squirt oyt of the edicine
dropper to represent an avtestan well. TJo show a spring, drill

a hole in the side of tke nill and nbsarve the water flow., (for
a repeat denonstration renave evcess water foon above the soil
layer by siphon.)
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LESSON 21
GROUND WATER
I. Water which soaks into the ground {meteoric water); water buried
and trapped in sediments {connate water); and water given off by
cooling magmas {magmatic water) all go together to form the ground
water suvply.
A, Tho amount of water that soaks into the ground is determined by
a soil's permeability. Permeability (the rate at which water
passes through a porous material) is determined by the pcrosity
or amount of space between the grains in a rock.
B. Porosity depends on:
1. The sorting or uniformity of the particles in a mass.
2. Packing - the arrangement of particles in a mass.
3. Grain shape - rounded or irregular.
4, Extent of cementation.
C. Permeability varies:

1. Loose mantle material is normally very parmeable.

2. Granular rocks are normally more permeakle than shale
or limestone.

3. Dense rocks (igneous or metamorphic) are permeable only
if there are fractures or joints in the rock.

I1. Ground water normally continues to sink until it strikes a
completely solid or impermeable layer.

A. The soil above this layer becomes completely saturated.
B. The upper layer of the saturated zone is the water table.

C. Water may flow within the permeable layers thus entering the
earth in one pluce and emerging in another,

ble __
ye A . \\\\\\\\\‘\\.\
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D. The rate {speed) at which water moves through the ground
depends on two factors.

1. The gradient or slopc.

2. The permeability of the rock. (With very permeable rock
and steep gradient, water may move as much as several
feet per day.)

E. The level of the water table varics according to the amount
of rainfall,

1. In wet weather the water table rises almost to the
surface and conforms cliosely to the irregular surface
of the ground.

2. During dry periods, the water table will sink and
become almost level.

3. MWells are holes dug or drilled below the water table.

a. Any well drilled in permeable rock will usually
provide abundant water.

1) Shallow wells may 4ry up during dry seasons.
2) They may also be pumped dry.

b. Lells drilled in igneous or metamorphic rock will
yield little water unless the rock is thoroughly
fractured.

c. Generally deep dritiing is not helpful in impervious
rocks because the number of fractures and cracks
decreases with depth.

R 5
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F. Artesian wells are an exception to the general rule in that
impermeable rock is necessary for an artesian system to exist.

G. Springs occur where ground water comes naturally to the
surface.

1. Artesian springs.

2. Contact springs.

5,prma at

f;rn")re conro,

‘*‘Zl;ﬁﬁLinJlalﬁsz~ layer ~

H. Hot springs and geysers are caused by subsurface volcanic
activity.

V. Mud s grl_ga (Paint Pots) - Boiling evaporates water
Teaving mud composed of mineral matter.

2. Hot springs yield hot mineral rich water, (Travertine
terraues;

3. rs form wien steam collected in a pocket within the
rt throws water and steam up into the air.
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I111. When rain water with carbon dioxide in solution seeps into limestone
beds a chemical reaction occurs which results in the solution of
the limestone. This solution and removal of limestone results in
the formation of caverns.

A. Most cavern systems exist below the water table and are there-
fore not accessable.

B. If the water table drops draining the caverns and surface access
exists, man may enter and explore the cavern.

C. Water seeping through a drained cavern can cause the building
of:

1. Stalactites - an icicle-l1ike structure hanging from a
cavern ceiling formed when water dropping from the ceiling
evaporates slightly leaving a calcite deposit.

2. Stalagmites - water deposits growing up from the floor of
the cavern.

e - —————

Stalac tite -

. " ’ - me
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D. When caverns develop beneath a land surface, they may result
in a unique land surface called karst topography.

1. Karst topography is characterized by:

a. Sinkholes - formeu when a cavern roof is weakened
and collapses.

b. Disappearing streams - flowing into 2 cavarn.
c. Natural bridges - rewnants of a cavern roof.

2. As time passes and solution proceeds, the terrain changes.

. . 1«9
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late Vyoui‘h

O'd anve

3. Small cavities in lime.tone may, under certain conditions,
be filled by crystals growing out from the walls into the
cavity. Such round groups of crystals are knrown as
geodes and are valued as collectors items,

E. In HNorth Carolina massive limestone forwmations occur across ihe

coastal plain; however, the only known caverns cccur at Linville
in a portion of the shady dolomite formation.
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IV. While most of the material taken into solution by ground water
makes its way eventually to the sea; some is teft behind when
water evaporates from the soil.

A.

When excesses of salts and calcium carbonate are concentrated
at the surface, a crust or caliche may form. This type of
hardpan surface can be found in many deserts.

Often the movement of ground water will transport and concen-

trate material in layers below ground or in lumpy forms called
concretions.
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LESSON 22, Introduction
EROSION BY ICE AND WIND

Objectives:

1. To develop a concept of the effects of ice and wind as erosional
agents.

2. To understand the processes employed by jce and wind in erosion,
transportation, and deposition of material.

3. To gain a knowledge of glacial and wind-caused land forms,

References:

1. FOCUS ON EARTH SCIENCE, Chapters 15 and 16.
2. INVSSTIGATING THE EARTH, Chapter 12.

Special References:

Wolfe, et al. EARTH AND SPACE SCIENCE (D. C. Heath & Company, Atlanta),
Chapters 16 and 18.

Strahler, PHYSICAL GEQOGRAPHY (John Wiley & Sc¢ s, New York), Chapters 28
and 26,

Gilluly, et al. PRINCIPLES OF GEOLOGY (Freeman Publishing Company),
Chapters 13 ang 15.

Holmes, PRINCIPLES OF PHYSICAL GEOLOGY (Ronald Press, New York),
Chapters 20 and 22.

Activities:
1. HWind is a destructional force helping to create the landscape.
Materials:

electric fan
sand
large box

Procedure:.

On a windy day observe what the wind does to leaves, twigs, and
other debris on the ground. Look in corners protected from the
wind and notice that soil, leaves, and other materials are some-
times deposited there.

Pour a pile of dry sand or granulated soap on the bottom of a
large carton cut away on one side. Turn an electric fan on the
pile of sand and notice how the particles are moved. Notice
that more particles are moved as the velocity of the wind
incresses.

Put an obstacle such as a pencil or finger in the path of thre

blowing sand and observe what happens. Reilate this to the
principle of snow fences and the behavior of sand dunes.
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2. Ice can be plastic, depending upon the speed with which pressure
is applied.

Materials:

aluminum foil
a freezer
water

Procedure:

Freeze an elongated bar of ice approximately 19 x 2 x 1 inches.
(Aluminum foil may be used to muke a tray of the proper size.}
Remove the ice from the tray and, while keeping it at freezing
temperature in the freezer, suspend it at both ends. Place a
weight in the middle of the bar. After a few hours, the bar of
ice will be bent and will not spring back to its original shape
after the weight is removed.

3. The melting point of ice is lower when under pressure.
Materials:

freezer
wire
weight

Procedure:

Suspend a bar of ice at both ends in a refrigerator or deep
freezer where the temperature is at or slightly below freezing.
Loop a wire around the bar, and suspend a weight from the wire,
The wire will be seen to eat its way down through the block.
The water produced by melting under the pressure of the wire
will refreeze in the crack above the wire where the pressure

is less.

4. lce flows plastically near the bottom of a glacier. Th2 upper
part of a glacier is brittle,

Materials:

ice
hammer
silly putty

Procedure:

Demostrate the brittleress of ice when not under pressure by
breaking ice cubes with a hammer. Demons‘rate the plastic flow
of ice by placing some silly putty on a sluping surface and
observe it flow under its own weight.
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EROSION BY ICE AND WIND

II.

[,

Introduction

In areas of colder climate, ice may accumulate to such a depth that
it begins to behave as a plastic and flow. Such a unit of flowing
ice is called a glacier.

A,

Valley glaciers (alpine glaciers) occupy valleys previously

made by streams.

Piedmont glaciers are glaciers located on a plain at the base

of a mountain range and fed by one or more valley glaciers.

Contirental ice sheets are broad glaciers of irregular shape
generally blanketing the terrain.

Glaciers (all types} cover about € million square miles of
the earth's surface. (about 10-11% of the earth),

Glaciers advance away from a source area or zone of accumulation.

A,

The two chief requirements for glacial formation are:
1. Low temperature
2. Adequate snowfall (more falls than melts)

Glaciers are found in high latitudes and high altitudes and
are more numerous along wet coastal areas.

Zones of accumulation are normally found above the snow line.
The snow line is the elevation above which the air temperature
seldom rises above freezing and snow tends to accumulate rather
than melt,

Snow accumulates as the source of nourishment for a glacier,

Most glaciers can be divided into two zones.

A.

Zone of accumulation.

1. Snow accumulates, but air spaces in crystals allow
evaporation, forming water vapor,

2. Snow becomes granutar {as does all old snow}.

3. Compression due to the weight of overlying snow causes
ice to form.
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B. Zone of net wastage.

—— r——— e e M e

1. Area in which melti..¢ is gre::cer than accumulation.
2. Meltwater results from the nelting of glaciai ice.

3. Glacial deposition occurs in this area.

RALD:

Zone of
accumulatlion

\§\\ Zoene of nel
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IV, Ice is a weak solid. [Its own weight is enough to overcome

rigidity so that it becomes deformed, flewing downward and
outward as a stiff liquid. (Example: putty or clay)

—

A. Observing change of position on a glacier was the earliest
method of detecting movement,

B, Surveying a line of stakes across the glacier can detect
the movement of a glacier,

1. Sides and bottom of the glacier are thought to be held
back by friction,

2. The cente~ of the glscier is found to move fastest.

3. Crevasses fomr in the brittle vpper sur-face of the
giarieyr as it moves.
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V. A glacier transports material known as its load.

A. The load of a glacier may be carvied on top, in its sides,
and within the body of the glacier,

B. Much larger particles can be carried by a glacier than by
streams or wind.

C. The load is concentrated in the base and sides of the glacier.

VI. A glacier carries on erosion by abrasion and plucking and is
generally accompanied by weathering in the form of frost wedging.

A. Frost wedaing cracks, splits, and prepares rocks fcr glacial
transportation.

B. Glacial plucring is the 1ifting out and removal of pieces of
bedrock by a giacier,

1. Piecer are quarried oHut, especially on tne downstream
side of the glacier.

2. Water aids plucking by frezzing and lifting
C. Abrasion is a filing process.

1. Ice makes scratche, and grooves called glacial striations.

2 These striations and the asymmetrical shape of rock hills
point the direction of the moveuwent,

a) Upstream side - abraiced, striated, gently sloping
b) Downstream side - prejominantly plucked, steeper slope

Jee g_ur-ﬂa,,ge_. —_— - e
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VI1. The eroding action of glaciers, particularly valley glaciers,
creates unique features which identify previously glaciated
mountain ranges.

A Cirques - steep-walled, bowl-shaped depressions at tie head
of glacial valleys. Formed Dby plucking at the head of the
glacier.
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B !.Sheped :2Vleys - caused by ersachon of bath the sides and base
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VIII. Glacial depasitror *akﬂa niace ma‘nly 'r Lhe dewnstrean particn
of a glacier whers melting ve"esszv ~27k fesgments from the ice.

A, Til1 - (non-ss-tag: wate-¥31 nor sgoted aczaeding to size
and weight bu® lying anzt 23 2t wze veloased from the ice
The term “£311" Sncfodac 25) yosovted 3-37°40 deposits.
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Drumlins - Streamlined hills molded by flowing ice;
offers minimal frictional resistance to the ice flowing
over them. (Irndicates direction of flow of former
glaciation.)

Erratics - Glacially deposited pieces of rock that are
different from the bedrock beneath them.

[X. Meltwaters from glaciers aiso erode, transport, and deposit materiais.
These materials tend to be sorted and stratified, but their origins
are usually clearly glacial. The materials can be separated into two
categories.

A. Outwash deposits.

1.

Outwash plains are forred by water flowing away from
melting glaciers. They typically are broad, fiat, and

found in a portion of the valley or region formerly

occupied by the glacier or just beyond the terminal moraine.

Valley trains arve stratified deposits partially filling a
valley.

B. Ice-contact stratified dritt landforms are developed by running
water in contact with ice.

1.

Kames - low, conical, steep-sided hills formed by water
pouring over the edge of a glacier. The internal structure
is normally stratified with some slumping which occurred
when the ice melted.

Eskers - usually narrow, steep-sided serpentine ridges of
gravel and sand with an internal slumped stratified
structure. They are believed to represent channels of
streams which {lowed on tep of or with:n the melting glacier.

Kettles - depressions in the ground moraine caused by the
melting of buried chunks of glacial ice.
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X. Wind is the least effective of all the erosicnal aooat:; osver,
it still does considerable work in tenns of shapino t... lanu.
A. Wingd is move effective in areas itnat are arid
B. Wind is particularly effective in c:serts aru alead - a 5s0res.

C. Wind is also effective in fiat arcas and in ar.a. of glacial
deposition,

0. Many plains and plateaus fit into tue cat=aori:c lini.. asove
and are especially affected by ind =rosion.

XI. Wind erodes the land surfac: in at 1:ast two ay:

A. Deflation - picking up and removino loos: rarticli:s v o2
wind,

1. This process removes the smaller particl:s anc¢ i:aves
the larger ones as a surface covering called “duzort
pavement."

2. The wind also excavates anllous or ¢:nressicns Ly czflaticn.

B. Abrasionr (grinding; by particles carrisd oy ti2 tinu nrouuc:s
ventifacts whici are polished and facetecu fragmoits of rocu.

g‘Pﬂ/"fA-‘/ e Fo

Wind - 7 ,S{ii;

YRR o

XII. Winds build deposits on desarts, plains, anu beaclws.
A. Dunes are constructed wien wind slows down, dronping mat.riol.
The size of the particles and the amount of waterial + - +ir.
can carry depends on the wind velocity.
1. Clunes ave hills of wind-bloun sand.

a. Started by an obstruction.

0

b. The more gentle slop2 on the windward sid: “: caus:
by the flattening action of the wind.

¢. Barchanes are crescent-shaped dunes for.d ..in ‘winc
blows around edges of th2 dune

191
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2. Dunes migrate downwind as particles are blown tcross the
dune.

e el _— i .
h e?ftllf/g‘-

”TOVIn’ acryse
uné

B. Loess is a deposit of silt~sized particles.
1. There are thick deposits in Kansas.

2. Loess is composed of very fertile soil, but is weak and
susceptible to erosion.




LESSON 23, Introduction
DEPOSITION AND SEDIMENTARY ROCK

Objectives:

1. To develop a concept of the processes involvea in the formation of
sedimentary rock.

2. To understand that environmental conditions may determine the type of
rock formed and, in turn, indicate part of the history of an area.

References:

1. THE EARTH-SPACE SCIENCES, Chapters 23 and 25.
2. FOCUS ON EARTH SCIENCE, Chapter 6.
3. INVESTIGATING THE €ARTH, Chapters 2, 18 and 19.

Special References:

Wolfe, et al. EARTH AND SPACE SCIENCE (D. C. Heath & Company, Atlanta),
Chapter 9.

Gilluly, et al. PRINCIPLES OF GEOLOGY (Freeman Publishing Company),
Chapter T17.

Holmes. PRINCIPLES OF PHYSICAL GEOQLOGY (Ronald Press, New York), Chapters 6
and 7.

Activities®
1. The making of a fossil.

Materials: shells, borcs, plaster of Paris, containers, modeling
clay

Procedure:

Place a layer of clay in the bottom of a small container. Press the
bones or shells into the ¢'ay. Lift the bones or shells out care-
fully so that a clear imprint remains. Wix plaster of Paris and
fi11 the cavity in the c¢l3y. After the plaster has set, remove the
cast from the mold.

How does :he clay compare with settling sediment? How does the
plaster of Paris compare with minerals deposited in ground water?

2. Investigating an ancient stream chanrel,
gsce 18-4 Text 396
Teacher's Manual 492 and 495

3. Investigating the puzzle,
ESCP 18-6 Text 399
Tearher's Manual 495 and 497
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4. Investigating areas of erosion and deposition.
ESCP 21-2 Text 457
Teacher's Manual 581-582

5. Investigating the leveling process.
ESCP 21-3 Text 488
Teacher's Manual 582-584

194



LESSON 23
DEPCSITION AND SEDIMENTARY ROCK

I. Introduction

The material eroded, transoorted, snd ggprsited by 31-avity, water,
wind, and ice 75 fransfornad “nto sedinentary rock by the processes of
compaction and cementation  Sedwnentary vocks sve diided into two
groups Wwhich are based in part on their grigin

A. Fragmental aed1men§ag e; are mide up 0f Ffragueats of nther rocks
That have been car-:fd by water, wind, or and dapasited,
compressed and cemented to fo-wm rock.

1. These types of incks are gzna-ally arouped atcording to the
size o fragments tney rentain

a. Conglomardtes are coavee-grained and formed frem fragments

~ - -
varying an siee Trom bosiders 1o Imatl particles. The
particles may come f-un one o~ seweral tyoas of vock

(Boulders over 265 mm o+ 10 »ncies)
(Cobbles 64-264 mm or 2.5-%0 jaches)
{(Gravel 2-64 mm or 0 8.2 5 inches)

b. Sandstones ave toomed Yoom cemeryad sand acatng
(Sand .2-?2 2w ar (Q08-.08 inches)

c. Siltstores are “ormed Yram silt grains.
{Si1¢ .02 ¢ rei > ODAR-.00N8 nches)

are fomed mawnt,; by ¢
pavt-cles and mend ro do rlat

ampaction from Ciay
iy ceaved wnty plates.

(Clay lez: thar (2 wm o 000 dnches)

B. Chemical sedimentaries -2 fosred Frum materials precior tated

From solution in vaier

1. Fragmenta! l'mestone: mny Ba trasnented ana o prect
The particles aay ~a-y frw tsirdy large to frcoainn
and they ysually srce rulenrsd oy precigitated Vimestine.

2. Limestone (CaC0,} may be prezipitated from cher cal solutions

becauze of evapssdavtor or 3 sUange n tempercturs o galinity.

3. Dolomite 'do’omycic Iimestan: (algif «~'7} t2opeaceaatated
WIPED CATCH UM MAgres Ly Lavhaate $3 gt esant.

ERIC
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1I. Compaction and Cementation,

A,

Before loose sediments can be cemented effectively, they usually
must be compacted to some degree. This is usually accomplishad

by the weight of overlying sediments being deposited on an existing
layer. The increasing weight forcas water and air out and moves
the particles closer together.

Deposits sometimes do not form sedimentary rocks because thay are
only deposited for a short time, to be picked up agiin and
carried on to a new site by running water.

Compacted sediments are slowly cemented into rock by small amounts
of substance usually dissolved from the sediments themselves.

1. The principal cementing materials include:
a. Silicon dioxide (quartz}.
b. Calcium carbonate (limestone).
c. Ferric oxide {rust).
2. The resistance of the various cémenting agents to weathering
varies considerably. Thus the character of the weathering is,

in part, dependent on the cementing material in a particular
rock.

[1I. Limestone is by far the most common sedimentary rock. Therefore, the
character and formation of Iimestqne is of some interest.

A,

Th2 same water that carries solid fragments may also carry dissclved
carbonates.

1. Calcium carbonate is the most important of the carbonates.
2. Calcium carbonate is insolubie in pure water.
3. Calcium carbonate dissolves easily in water centaining Co,.

4. The solubility of CaCO3 is also affected by temperature and
other conditions.

5. Thus, precipitation may occur in certain areas where conditions
are right.

The most common source of CaCO3 is the skeletons of plants and animals
that live in the sea.

1. Generation after generation vast numbers of skeletens setile to
the bottom of the sea.
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2. The skeletons are couvpsrted into deposits pr - mesteone
3. Coral is a’s¢ respons'hle {or Yarge depos:ts of ‘imestone.
C. Varieties of limestrre

1. Most 1 mestane ‘¢ danse or very fine graired and either white,
tight, or dirk grey in color.

2. Chalk is a variety of "imestone compased of micvoscopic sheils,

3. Snell Timestone - Shell fragments cemented tagethar or haying

she®T Tmprints.

4. Coquina - Composed of recent shells o shell fraguents Tocsely
cemented

5, Travertire - Cave deposits.
1

6. Flint nodules ave 27so fourd 1n Timesiones Thesa gre gil.
1cenus concretinng within the 1imastane

IV. Character and information fvom sediment3ry rocks.

A. The classificztion of sedi mentacy vacks is bezed on texture,
minreral composition, and origin,

1. Texture provides distinctinn between conglomerate, sandetene,
ang shale znd < 'tstone

2 Chemical compasitizn (mines3%¢) prosides dostingtion betwsen
Timastone and cther cedimentary works. “Noomestare wild
effer. esce n HOY Y

3. Orig'n s 3'sp very he'pful in cedimentsoy fdeatification

B. The chararter and stryrtyre 2f 3 cgdxmenfary YK may y‘ef,j moth
informatian about the cord 1908 “n +the 3023 uade whoch ot s
formed

.!. Ca'f_ain TyUE‘S o' \:.'_L: ave *to wed 3ﬂ1y UndE' rect 3 ’l{‘ﬂ[J-'-i.-nllS.
Example:
8 Croral reefs v anly n teop oz’ gnd ¢oma-eqpire’ wyte <

b. Sandstone 3¢ usy2?ly depos-fed *r g teanzitioni! enoi anment

¢ Cong'emerates 372 formed by witer ro.“ng r3p d’y thien that
water is sloued down

ERIC
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The thickness of sedimentary layers (beds) tells something
about the time required for their deposition.

The fossils present give information concerning environment,
age, conditions in the area, etc.

a. Fossils are found only in sedimentary or very slightly
metamorphosed rock.

1) Fossils are the remains of ancient life.
2} The chances of preserving an organism as a fossil are
exceedingly remote.

a) The organism must be buried at the time of death
or within a few days after death.

b) Normally only the hard parts of an organism are
preserved.

b. Fossils are often helpful in determining both geologic
age and changes of environment.

1} Index fossils - Often found in rock layers of one
geoTogic time only, The position of a formation may
be established with respect to time.

2) Environmental fossils - Indicate the environmental
conditions of a certain age. (Example: marine vs.
fresh water)

C. There are three major types of fossilization.

1.

Essentially unaltered remains:
a. Entire remains preserved (exceedingly rare).

1) Frozen memmoths and other mammals.
2) Amnber sometimes preserves insects intact.

p. Hard parts only preserved {usually recent).

1) Bones of mammals have been found.
2) Some dinosaur bones. (Dinosaur National Monument)

Aitered remains.
a. Carbonized - Plant remains changed during coal formation.

b. Replacement due to ground water. Qrigiral cells replaced
by minerals out of solution ir ground water.

1) Calcified {CaC04) Process often referred to
2) Silicified (Silica). as permineralization.
3) Pyritized (Pyrite). (petrification).
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w

a.

b.

Indirect evidence of presence of life is 0ften preserved.

Casts and molds

Trails, tracks, and burrows.

Fossil excrement.

Artifacts are impartant in ths study of eariy wan.

The study o7 fossil avidence is a subarancn of the science
of Geology known as Paleontclogy.

D. The order in which rocks are formed and their errangement fell inuo
the realm of structural geology and stratigranhy. Tais information
tells much about the order and ssquance of events.
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LESSON 24, Introduction
DIASTROPHISM

Objectives:

1. To understand the process of diastrophism.

2. To develop concepts of isostasy and plastic deformation,

3. To create an image of the landforms developed by diastrophic movement--
particularly foiding and faulting.

References:

1. THE EARTH-SPACE SCIENCES, Chapters 23 and 25.
2. FOCUS ON EARTH SCIENCE, Chapters 17 and 18.
3. INVESTIGATING THE EARTH, Chapters 14, 16, and 18.

Special References:

Wolfe, et al. EARTH AND SPACE SCIENCE (D. C. Heath & Company, Atlanta),
Chapters 11 and 12. _

Wyckoff, ROCK, TIME, AND LANDFORMS (Harper & Row Publishers, Inc.,
New York), Chapter 5.

Gilluly, et al. PRINCIPLES OF GEOLOGY (Freeman Publishing Company),
Chapters 6, 8, ¢, 13, 19 and 20.

Holmes, PRINCIPLES OF PHYSICAL GFOLOGY {Ronald Press, New York), Chapters
2, 3, 9, 26 and 27.

shelton, John S., GEOLOGY ILLUSTRATED ({W. H. Freeman and Company, San
Francisco).

Strahler, PHYSICAL GEOGRAPHY (John Wiley & Sons, New York), Chapters 29
and 30.

Activities:

1. Development of an idea=James hall's Field Trip.
ESCP 14-1 Texrt 312
Teacher's Manual 379-333

2, Developing a folded surface.
Materials:
Different co]ofgaof clay and a cutting wire.
Procedure:

Ro11 (flatten) several layers of clay and put them together. Fold the
layers by pressing fror the edges. Using the wire cut the sandwich as
water would erode the surface. Repeat the process eroding horizontal
structures as well as plunging anticlines and syncline. .

3. Investigating regional landscapes.
ESCP 21-7 Text 467
T2acher's Manual 590-595
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LABORATORY ACTIVITY
DIASTROPHIC STRUCTURES

Each block ir this series is a square slice of the earth's structure.
Therefore 2ach block contains evidence of various kinds which reveal the
history of that part of the earih's surface. Completing the diagrams will
help you understand how the geologist reads the record of the earth's
“istory, both in the field and from geologic maps constructed by other
geologists.

The following symbols will be used throughout the entire activity to
represent various types of rocks and structural features,

STRUCTURAL SYMBOLS:
Conformal contact betwean beds /f\//’\“xq\_‘\v’J/f‘-\._
mmme——— F3UTt 1ing Unconformal contact

ROCK SYMBOLS:

st —.
AR > 1 A
RS Sandstone T E Marble
» = F
475  sandy Shale VZ/ Gypsum
Al 7
- JayE Ny
=" Shale St
T 7
] Lirestune //,a Gneiss
Y | |/ 2,’!4
= -~- rqf r;
- - 4 4 < ! 3
~;I%?} Liney Shale ff}ﬂgr Schist
e RN
T AT .
‘gl Conglomerate Loy G-anite (or granitic
Vol o) A, ‘ntrusive)
1
Dolomite 57 Reseltic Lava Flows
77,
Ve VT
2237, Basalt:¢ (mafic) Intrusive
=7
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STRIKE AND DIP SYMBOLS:

To indicate strike and dip a small symbol (A ) is made on a geologic map.
The long line shows the direction of strike and i< made on the geologic map
in the compass direction of the strike. The short line shows the dip
direction and is always at right angles to the strike. A number indicates
the angle of dip.

EXAMPLES: (North is to the top of the page.)

F; Strike: N - §
Dip: 45°F . 6];) Horizontal Beds
s Strike: N25°YW ' 7[ , : ; s
\i' Dip: 15°NE .. Vertical Beds g$;3k86°N]5 £

J{}_ Overturned Beds Strike: N9O°W
Dip: 15°N
BLNCK 1
t. Complete the block by putting in all the necessa}y symbols,

2. What is the strike and dip of ths beds at the surface? Put the symbol .
on Lhe map.

3. Assuming that the icneous body is the oldest rock in the block,

a. Wwhat is the name'applied to the contact Letween the conglomerate
and the igneous body?

b. Write the sequence of events which would account for the structure
of the block. (Remember to write the oldest on the bottom.)

5.

4.
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4. Assuming that the igneous bedy is the youngest rock ir the block, write
the sequence of events which would account for the structure of the block.

4,

3.

2.
1.

5. 1f the vertical scale of the block is 1 inch = 1,000 feet and the rate
of deposition is 1 inch every 1,000 years, then the depth of the
sediments in the southeast corner of the block represents

years of deposition.

2043
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~

ICK 1

: --- ’8o|v' 4
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2o/~ N
_ - e 7 N
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BLOCK 2

1. Complete the block by putting in all of the necessary symbols.
2. What is the strike and dip of the youngest bed?

3. Assuming the younger beds to be eroded away, what would be the
strike and dip of the older series of beds?

Strike Dip

4. What is the name of the contact between the horizontal series of beds
and the dipping series of beds?

5. What is the difference between the contact in question 4 and the:
contact between the conglomerate and sandstone in the dipping series
of beds?

6. MWrite a complete sequence of geologic events for this block.
13.
12.
1.
10.
9.
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BLOCK 2

S -
e N . .
I A T
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BLOCK 3 and BLOCK 4

1. Fill in the necessary symbols and assemble the blocks.

2. What is the structural form of block 3?

2. What is the structural form of block 47

4. Wwhat three MAJOR events resulted in the present form of the blocks?
(List oldest first)

3.

2.
1.

5. Show the strikes and dips for points A, B, C, D on each block.

Block 3 Block 4
Strike Dip Strike Dip
A, A. _
B. B.
C. C.
D. D.

6. Plot the strika and dip for each of the points on the map.

7. Compare blocks 3 and 4. How can you tell the difference between an
anticline based on strike and dip symbaols?

-

8. How do the ages of the rocks compare as you approach the fold axis of
the anticline and the syncline?

9. Are the oldest rocks found to the inside or the outside of the fold?

10. Why are taie beds parallel on the geologic map on the surface of the block?

~ . on S o
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BLOCK 4.

&\/

] PO, [ %4.__211‘.]._(. -
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BLOCK 5

1. Fill in all the necessary rock structure.
n

2. Draw the geologic map on the top of the plock. Pu* in tne appropriate
strike and dip symbols.
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BL.OCK 6 and BLOZK 7

1. Fill in all the necessary rock structure and assembie the block.

2. Draw the geolcygic map on the top of the block. Include strike and dip
symbolz and symhols showing rock fype.

3. What geologic structure is shown in Block 6?

4. What geolegic structure is shown in Block 77

5. The structure in block 6 is plunging in what direction?

6. The structure in block 7 is plunging in vtat directicn?

7. What is the angle of plunge for gach block?
Block 6 _ Block 7

211
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8LOCK 6
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BLOCK 7

Use any rock type symbols you wish.

in the anpropriate parts of the block.

Make sure, however, that they match

~
N\

N

N~

%

—

/_

v
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BLOCK 8 and BLOCK 9

1. Fil1Y in all the necessary rock structure.

. What type of fault is block 8?

2
3. What type of fault is block 9?
4. For each of the blocks, has the surface been lenathened or shortened?

a. Block 8 b. Bleck ©

5. How much has the surface been shortened or lengthened in each block?
(Horizontal scale: 1 inch = 1,000 feet)

a. Block 8 b, Block ¢ _

6. How much movement nas occurred alcng the fault plane? (Vertical scale
same as horizontal}

a. Block 8 b. Blurk 9

7. What is the vertical displacement of each of the blocks?

a. Block 8 _ b. &lock 9

B. Match the following labeled points on the diagram to the terms below.

BLOCK 3 BLOCK 9 TERMS
A A 1. Fault line
‘“ 2, Dowithrown block
B B 3. Upthvown block
- 4. Footwall
C c 5. Beddirg plane
D b
£E_ r__
F F

9. What is the strike and dip of each fault?

a. Biock 8 b. Block 9
Strike Strike
Dip Dip
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BLOCK 8

:Qt' 0 .l
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BLOCK 9

——
AN
£ D

— A ;.1 |'n
|(‘|l'|' Iw:'Hl
.;a,;: \ ,',',u",l
J_l":'l: .'H::'E*,

__________ _'-_:.'_-Lq

S—
[ ;" c e e
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BLOCK 10 ﬂ :

Complete the bleck by putting in all the necessary symbol-.

Completa the geologic map on the top of the block. Include aay necessary
strike and dip symbols for both the faults and the sedimentary strata.

What two types of faults are shown in this block?
A B

What is the displacement aloig fault A? (Scale: 1 inch = 1000 feet)

At the same scale, what s the displacement along fault B?

Write a complete sequence of geologic events for this block. Include
each sedirentary layer. (Remember, oldest on bottom.)

11.

10.

D3 A
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8LOCK 10
| ——
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LESSON 24
DIASTROPHISM

1. Landforms.
A. The processes of diastrophism and volcanism are respcnsible for the
major landform featuras in the United States. E£xamples: mountains,
plains, plateaus, efc.

B. The geomorohologist classities landfanrs according to:

1. Theiy structure.
2. Their topography.
C. General types of lsndforms.

1. Plain - 2 region of low “elief and horizontal rock stiructure
{maximum relief = onc ¢v two hundred feat).

2. Plateau - a regicn of horizental rock structure with high
relief (more than 1,000 feet),

3. Mountains - landforms with a reiief greate~ than 2,000 feet,
and a rugged summit of relatively small area.
NOTE: A1l trye mauntains are composed of rotk masses in a
nonhorizontal or disturoed pesition.  They may be tilted,
folded, domed, or huilt up of volcanic material.

II. Life History of Landforms,

A. Constructionral processes are canstantly opposed by destructional
{erosional) p-ocesszi.

B. Constructional landfcrme zve a'mast nzver seen in their initial
state,

C. Ideally lan#farms pasc throush three stages of deselcpment.

1. Youth,
2. Maturity
3. 01d age.

Taken together, they make up the life history of the landform.

D. Landforms do not always roaplete the cycle. A mature plain may be
uplifted long betore it has +eached old age; entering instead into
a youthful stage zgain.

219
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E. Definitions of 1ife stages:

1. Youth - lands<ape has rugged topog.aphy with steep slopes and
dzep narrow villeys.

2. Maturity - sur-face is much cut up and shows a great variety of
features.

3. 01d age - landscape is worn down and nost features are destroyed.

a. The f;at surface resulting ic called a peneplain {almost a
plain).

b. Wher uplift rejuvenates a penenlain, the topography is
determined by the nature of the rocks that originally
formed the surface.

NOTE: Piedmont Nortn Carolina is a dissected peneplain.
The zrea was ercded almost to seé level and then uplifted,
allowing the streams to cut down inio the plain surfeca.

¢. Unconformities - result when tilted sedimentary beds are
covered by horizontal beds which cut across them. This
indicates tilting, followed by erosion, followad by
deposition.

d. Disconformities - occur when erosion interrupts a
depositional sequence and deposition vesumes with no
change in the attitude of bads, either above or below
the disconformity.

F. Structural relationships are gocd clues to the history of a region.

IT1. Before the Eightzenth Century, men attributed past ~nd present landforms
to sudden catastrophies.

A, In 1785, James Huttun introduced his theory of uniformitarianism
to the Royal Society of Edinburgh.

B. Hutton's tmneonry stated that "the present is tne key to tne past.”

1. The forces acting today ace the same ferces that kave been
acting throughout the ages.

2. A slow, gradual process of building up by earth movement and
wearing down by erosion is resnonsible for most of the landforms
present Ltoday.

IV. Tne Languige of Landforms,

A. Physicqraphy is the branch of the earth sciences that deals with the
earth's surface features. [t includes the earth's climates, the
ways nan makes use of the soil, waterways, and many other resources
of our planet. It enphasizes landforms as to their effect on man.
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B. Geomorgholog% is the branch of earth science that emphasizes land-
forms as such. It considers their origins, the changes they undergo,
and their past histories,

V. Diastrophic forces ave these that cause the movement of parts of the
earth's crust.

V1. Diastrophism and volcanism ave very closely related. Diastrophism deals
with movements of the solid nortions of the crust while volcanism deals
with movements of magma.

A. There are three types of diastrophic mavements:
1. Uplift - A lccal or widespread rising of the crust.
2. Subsidente - Sinking of the earth's crust.
3. Thrust - A horizontal mcticn of the crust, by which larga
nasses of ' ack slide aga-nst ona anoather into new positions.
{Easily seen along Sen Ardreas rift aad at Chief Mountain,
Montana. )
B. Ccuses of diastrophism,
1. Theory of isostasy. (Greek; means “"equal standing")

a. Solid vock is scmewhat plastic uander certain conditions.
1t flows and :hanges shape wien subjected to a great
pressure.

b. One mey think of the crust zs consisting of lighter,
granitic continental mater<al and heavier, basaltic ocean
basin material.

FPlatea, ”73-" Pioin fcnsf/':ipe: tal
A YT e sl .
v AL ~- e, Sea level
.3 B e iy — a0 F£leey
Siol Ao> L L v vq L & g /T:K——Z

Ny 2y
< < Spbr 21 ¥ 4 - ‘7‘,r-t"“"’ ¥
v > h ¢
"

P >
./ v 1 ;5
— * i 18 9

4 l,~c"°r"
Fost o e Manile Sp6rn= 37
5‘-’-,40,

22l
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c. Under normal conditions, any region in which sediments
are being deposiied will subside under the weight of the
newly deoosited material. Such subsiding basins are ~alled
geosynclines, Material deposited in geosynclinal basins may

reach encrrous thicknesses,

d. When subsidence occurs due to increase in weight, an adjust-
ment by subsurface rock "flow" results in uplift or
emergence of other areas.

Vil. Deformation of rocks.

Diastrophism results in forming metamorphic rocks. Diastrophic forces
cause bends, breaks, and distortions in rocks.

A. Proncunced and continued pressure may cause rocks to be deformed
into wave-like folds.

1. The folds may range in size from inches to miles in length

2. The larger folds may be responsible for mountain ranges such
as the Appalachians.

3. The folding of rock under these conditions is called plastic
deformation.

B. Along with the folding there may also be breaking (fracturing)
and movement along the breaks (faulting®

—Fractlures

VIII. Folding - During uplift there is almdst always some warping of
sedimentary beds. This results in shallow or steep domes and basins
depending on the amcunt of deformation involved.

(Example: San Rafael Swell, Calorado Plateau)

A. The crest of rock fold is called an anticline.

8. The trouch of a rock fold is called a syncline.




LESSON 24, Page &

C. If these structurns could be seen ureroded, then the anticlines
would be hills and .he <vnzlines valleys. [Example: Fingers of

the Cascades into the . mbig Plateau)
D. More often, however, only the eroded foids can be seen.

E. Normally ercsion is more active at the top of anticlines.
F. As erosion contimyes, it may eventugMy form ridge and valley
topography. [(Example: Shenandosh Mountains, Virginia)

Anﬁlcd“nal - Ahenaziinal ﬂ.f/ey

ridae
‘

4//\\ s
- "‘\ _.Anfl‘ctlyna"
= . valle,
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G. Erosion may even convert the synclines into mountains if it is
extensive enough.

H. Pitching folds: folds cannot continue indefinitely.

1. An imaginary 1ine running along the top of an anticline or
bottom of a syncline is called the fold axis.

2. If the axis is horizontal, or nearly so, the ridges formed
will be roughly parallel.

3. If the axis enters the ground at an angle (plunges), the result
will be a cigar-shaped series of beds after erosion.

4, If the axis plunges in both directions, a basin or Jome may
result,

Plungin
fn/a/ ?al;z -

17 7TT 7777

IX. Fractures may develop for a number of reasons-- cooling of a rock mass,
release of pressure, folding, etc.: A ioint is a crack along which ny
movement has taken place and where there is no space between the surfaces
of the joint; A fissure is a crack that has expanded creating a space
between the surfaces; Flastic deformation and plastic flow eliminate
Joints and fissures at depth, Joints and fissures due to other c3uses
are also found in sedimentary rock and in metamorphic rock, but those
diwe to folding can usually be distinguished by their relationship to

the dip of the rock.
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A. Faulting occurs if any siippage takes place along a jeint or fissure.

1. Fault nomenclature (types of taults):

a. Vertical faults.

1) Normal {gravity) fault - hanging wall has moved down
relative to the footwall.

Dewnthrirna
Elock

2) Reverse fault - nanging wall has moved up relative
to the footwall.

/"Fa.u/f Trece

3)
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b. Horizontal (thrust} faults.

B. Strike and Dip.

1. A geologic map or diagram shows the direction and tilt of a
rock bed in terms of strike and dip.

2. The device used to determine the strike and dip of a bed is
called a Brunton Compass. (Contains ciinometer for dip and
compass for strike.)

a. A clinometer is a pendulum mounted so as to sh¢w the amount
of tilt of a bed, from the horizontal, when placed on the
bed's surface. (Dip)

b. A conpass measures the direction in which a bed rurs along
the surface. ({Strike)

..ffl'l"e ”‘5
Oip  Fast ot 455 =K

3. Strike and Dip may be measured for faults, joints, and folds.

. 990G s L




LESSON &5, Introduction

DIASTROF HISM~- EARTHQUAKES AND METAMORPHISM

Objectives:

To gain an understanding of the processes resulting in the generation
of seismic waves.

To develop & concept of the behavior of seismic waves and the internal
structure of the earth that has been determined by their interpretation.
To relate metamorphism to diastrophism and develep a concept of the
process of metamorphism.

To recognize the various types of metamorphic rocks and to undorstand
how tiey are related to and how they indicate the processes which they
have undergone.

References:

1.
2.
3.

THE EARTH-SPACE SCIENCES, Chapters 13, 14, and 22.
FOCUS IN EARTH SCIENCE, Chapters 7 and 18.
INVESTIGATING THE EARTH, Chapters 15 and 16.

Special Referances:
Wolfe, et al. EARTY ANG SPACE SCIENCE (D. C. Heath & Company, Atlanta),

Chapters 10 and 11.

Stranler, PAYSICAL REOGRAPHY (John Wiley & Sons, New York), Chapters 19

and 30.

koimes. PRINCIPLES OF PHYSICAL GEOLOGY (Ronald Press, New York), Chapters

7 and 2%,

Gilluly, et al. PRINCIPLES OF GEOLOGY (W. H. Freeman & Company), Chapters

18 and 19

Pirrson and Khopf. ROCKS AND ROCK-MINERALS {John Wiley & Sons, Inc.,

New fork), Chapters 12 and 13,

BAotivities:

1.

Investigeuing rocks from the cores of meuntains
ESCP 15-1 Text 332
Teacher's Manval 409-411

Investigating the inside of a sphere
ESCP 16-1 Text 350
Teacher's Manual 443-444

Locating tha epicenter of an earthquake
ESCP 16-4 Text 354-35%
Teacher's Manual 446-448

Investigating patterns of chanze-- Earthquake Watch

ESCP 1-7 Text 25, 26, 27
Teacher's Manual 49-51

. Do
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Have students make a scale model of a cross secticn of the interior of
the earth. Using a scale of 12" = 8000 miles, they should be able to
determine tha relative thickaess of each of the secticons of the inner earth.

RELATIVE THICKNESS OF LAYERS CF THE EARTH

Crust 25 miles = .04 inches
Mantle 1800 miles = 2.7 inchas
OQuter Core 1500 miles = 1.9 inches
Inner Core 900 miles = 1.4 inches (to center)

If the students are familijar with ratio and proportions, have them use this
method to compute the above scale. (The thickness of the c-ust would have
to be represented by a thin pencil line.)

Example:
diameter of earth (scale) _ thickness of secticn (scale)
diameter cf earth thickness of section of earth

or as computed for mantie:

12 - N
8000 1820
£000 N = 12 x 1800 Cross multiplying
8000 N = 21,600
%%ﬁoﬁ : _,__2;0880 Dividing both sides by 8000

N = 2.7 inches

Gn the basis of the same scale (12 inches = 8000 iniles) have the students
compute the relative height of Mt. Everest (about 5.5 miies) above sea level.
This should give some indicaticn of the smallness o1 the earth's surface
features as compared with the diancter of the earth.
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Taner
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LESSON 25

DIASTROPHISM~~ CARTHOUAKES AND METAMORPHISM

I. Movement of great rock masses within the crust is related to the forma-
tion of metamorphic racks.

A. Movement of these rock masses is the cause {not the result) of
earthguakes.

B. Most earthquakes are the result of mcvement along an existing
fracture in the deep rock beds.

1. The walls of a fault ave usua®ly very closely pressed together

2. Beds under stress go through many years cof increasing pressure
betore they move aleng a fracture.

a. This stress often results irn the metamorphasing of the
rock beds involved.

b. MWhen the stress becomes so great that it exceeds the
strength of the racks, a sudden moverent asccurs relieving
the pressure.

C. This movemenrt causes sersmic waves called an earthquake.

C. Elastic rebound theory.
1. Pressure exerted on twc adjacent rock area> from opposite
directions (may be any direction) tor & long per:od of time
causes the rocks to bend <louly as stvrain increases

2. Finally the stra’r becores 52 great that tha rocks break and

rebound.
s
I 7NN NI Y I
R4 350 24 R XA FR -4 . .
Y eiier e \ /,.-‘S;lvanr A2t
VA A pLECF sl
{ v:, _](.. ‘!CJm!rt’.ﬂ :?'«vnf
N
1 N
5 remg-
. -
FALL 2y Trzegesesh flv-/ 4
vn"'?!u».' Fhean

Example: San Aodreas Fault, Califo-n.a
In 1906 farthquake, 21 1eet of horizental displace-
ment was noted at severa) ‘tcgotians along the fault

ERIC
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D. There are thnusands of known faults all over the earth,
1. Few seesm to be active sources of earthquakes.

2. Most earthquakes probably have their origin beicw the earth's
surface,

E. Earthquakes may be so strong as to affect an entire continent, or
mzre probably, so light that sensitive instruments are needed to
record their praosence.

F. Tsunamis-- e¢re seismic sea waves sometimes caused by earthquakes
occurring under the ocean. They are famous for causing vast
destruction when they strike land.

I1. Earthauakes occur over the entire earth but are most frequent and most
severe along two great belts,

A. These belts are areas of crustal weakness.

1. One belt circles the Pacific Ocean. (More than 90% of the
large earthquakes cccur in this belt.;

2. The second belt includes the Alpine region of Europe, the
Mediterranean area, and a section across Asia.

B. While they do not coincide exactly, the earihquake belt and the
areas of volcanic activity are closely related,

1. These active zones are regions whose mountains are of iecent
formation.

2. The areas outside the regions of earthquakes are not entirely
free of tremcrs, but the great majority of earthquakes do occur
in these belts.

C. Another area of earthquakes occurs along the Mid-Atlantic ridge.

1. These earthquakes reveal the location of a ceep canyon or
rift going down the center of the ridge or mountain belt,

2. This rift coincides with an immense oceanic belt that probably
continues around the zarih and is related te the kncewn earth-
quake belts previously discussed.

I11. Detection of carthquakes.
A. When an earthquake ouccurs, vibrations qo out in all directions.

1. The focus is the center or source of the shock.

2. The epicenter is the point or line on the surface directly
above the focus.
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B. The vibratiors are detected by a device calizd a seismograph.
The record madc by a seismograph is called a seismogram.

!

P

Wy Ve mhﬂw"\f‘

Microselsms

Ware Ware
apr;’ygl arr:'ycl
. Waye
IV. Locating earthquakes. arrival

A. Most quakes occur between 5 and 15 miles below the earth's surface.
Some hava been recorded as much as 420 miles helow the surface.

B. There are three Lasic types 2f waves that travel out from the
focus of the earthquake. Eaun has its own characteristic speed
and pattern of behavior.

1. Primary waves {pressure = fastest traveleis).
2. Shear waves.

3. Longitudinal waves (surface waves).

€. Primary ind shear waves travel through the earth as well as along
the surfice, and have revealed mvch about the interior of tne earth.

D. Seismogriaphs measure the intensity of an earthquake.
1. Intensity is measured in terms of its effects 07 man.
3
2. Most-common scale is the 'Modified Mercalli Iniensity Scale."

SCALE OF EARTHQUAKE INTENSITIES WITH APFROXIMATELY
CORRESPONDING MAGNITUDES

Maximuri Magnitude corre-
Intensity Description of acceleraticn sponding to highest
, characteristis effects of the grcund iutensity reached
I Instrumental: detected only by
77 seismographs
10
I1 Feeble: noticed only by sensitive
people 35
' 25
[Tl Slight: Tlike the viorations due to to
a passing lorry; felt by people
at rest, especially on upper : 4:2
Q floors 50

R3c
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Maxinum Magnitude corre-
acceleration sponding to highest
of the ground intensity reached

Description of

Intensity characteristic effects

IV Moderate: felt by people while walk-

ing; rocking of loose objects, 4.3
including standing vehicies
100 to
V Rather Strong: felt generally; most 4.8
sleepers are wakened and bells
ring
250
VI Strong: trees sway and all suspended
objects swing; damage by over- 4.5-5.4
turning and falling of loose
objects
500
VII Very Strong: gencral alarm; walls 5+ 5-6+1

crack; plaster falls
1,000
VIII Destructive: car drivers seriously
T"dsturbed: masonry fissured; 6e2
chimneys fall; roorly con-
stcoucted buiidings damaged

2,500 to
IX Ruinous. csome houses coilapse where
ground begins %o creck, and
pipes break open 69
5,000

X Disastrous: grourd cracks badly;
many buildings destroyed and 7.7:3
railway Vines bent; landslides
on steep siones
7,500
XI Very Disastrous: few biildings
rémain standing; bridges
destroyed; all services 7.4-8+]
(railways, pipes an. cables)
out of actinn; ¢reat land-
slides and floods

9,800
XI1 Catas*rophic: total destruction; 1
abj:cts thrown into air; (maximuni
ground rises and falls in waves known, 8-9)

E. Artificial earthquakes may be generated by explosicns to study tne
st.ucture peneath the surface of the earth. This has been especially
useful in searcining for oi}.
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V. Seismic waves reveal the structure of %he eartn.
Scientists know more about the Universe than they do about the r:arth
only a few miles beneath the surface.

A. The knowledge we possess aboutl this region (a few miles beneach the
surface) has been gained in two tiays:

1. Inference vrom the structure of the surface.
?. Geophysical studies using instruments of varying types.

B. Seismic (earthquake) wéves have been used by scientists (geophysicists)
to determine the interior form ¢” the earth.

1. P, S, and L waves are created by an earthquake of underground
explosion.

2. Each type of wave behaves in a certain nanner.

a. Certain types of waves will travel through solids but not
through liquids.

b. Waves are bent (deflected) by materials of varying density.

3
N :§

Reflected waves

s ss 5 ¢
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£. Seisnic waves have revealed the structure o7 the interior of the
earth-- to some degree.

1. The ability of a wave to travel through the earth indicates
whether the material is in a solid or liquid state.

2. ~he velocity of a wave teils us something about the density of
the solids inside tne earth.

3. The bending reveals the structural arrangement of the materials
(on a large scale only).

4. <Study of these waves disclosed a shadow zone whicii, along with
other data, has revealed the general structure of the interior
of the earth.

Seismic wave velocity studies have revealed a difference between
the mantie and the outermost ‘ayer of the earth's crust.

LS}

a. In 1909 a Yugoslav scientist-- Alexander Mohorovidic
discovered a region between the crust and the mantle at
which the velocities of seismic waves changed abruptly.
This region is called the Mohorovicic Discontinuity ('h0).

Ff:'cen fer
*‘ Ma/m iar/'c:f'c’

. di's con‘f“:’nu:'f‘}l (Mo h:)

Outer
core

~
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VI. Metamnrphic Rocks,

A. 1Introduction.

1.

Metamorphic rocks are caused by the forces that change the shape
of the earth's crust.

Crustal rocks are warped, folded, and compressed by tremendous
pressure and heat. The movements may be due to adjustments of
the earth's crust to allow fer:

a. Igneous intrusion.

b. Increasing weight of accumulating sediments.

¢, Earth movements due to various other causes.

Heat and pressure cause both chemical and physical changes in
rock forming minerals.

a. Heat aiong contact areas of intrusions may cause
recrystallization,

b. Folding of strata may tear, stretch, or smash minerals.

¢. Gases and liquids escaning from the magma of intrusions
may penetrate the surrounding rocks.

d. Chemical reactions between existing minerals may produce
large crystals of garnet or other metamorphic minerals.

e. Deeply buried rocks are also altered by heat from the
depths of the earth.

The most noticeable effect of metarorphism on rock is foliation.

a. In foliated rocks the minerals are drawn out, flattened, and
arranged in parallel layers.

1) Rocks that contain mica or iron magresium minerals tend
to show foliation.

2) Foliated rocks tend to split parallel to the banding,
while unfoliated rocks fracture 'iithout definite pattern.

B. Simpler Metamorphic Rocks.

1.

Most of the simpler metamorphic rocks are formed directly from
sedinentary rocks. Changes are due largely to recrystallization
of existing minerals in the rock. Very few new minerals are
formed. '
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C.

2.

3.

5.

Slate - formed from shale. Is usually very fine graired, and
shows slaty cleavage,

Marbie - reurystal11zed limestone; the crysta]; are enlarged,
and organic materials are driven off causing a lightening of
color.

Quartzite - compacted quartz sandstone-- forms the bulk of many
hills and mountains because it is very hard and chemically
resistant.

Serpentine - metamorphosed Pyroxine, Peridotite and Dunite.

More Complex Metamorphic Rocks.

1.

Phyltites and Schists.

a. Phyllites - formed from shale under greater pressure than
that under which slate forms. Slows higher Tuster than slate
and may be silky in luster due to the presence of fine grains
of mica,

b. Schists - formed undar greater pressure from shale. Coarser,
showing definite foliation, splits fairly easily along bends.
Classified according to most prominent mineral:

Mica Schist Chlorite Schist
Hornblende Schist Quartz Schist

Gneiss - very highly metamorphosed from Granite Schists, and
cther recks. Novrmally coarse grained and banded.
Classified according to structure or origin:

Mica Gneiss Hornblende Greiss
Granite Gneiss Injection Gneiss

The series formed as heat and pressure increace proceeds from
shaje —> slate —_3phyllite —— schist——> gneiss —
miomatite ——magma.

a. As the heat and pressure approach the melting point of the
rock, the minerais benin to separate into a mass that is
rather plastic. The cooled produc: at this stage is called
a m'zoative.

b. Further heating will result in melting and magma formation.
This hot liquid magma may melt its way into existing vocks,
converting the relted rocks into a granite-like mixture and
metanorphosing the surrounding rocks.

Dy
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D. Metamorphic rocks fall into two broad categories,

1. Contact metamorphic rocks - are formed by the local metamorphism
uf intruding dikes, or sills, or beneath lava flows.

a. This type of metamorphism results in contact oreoies around
dikes arnd sills or metamorphic floors under lava flows.

h- -

Chill e
berder "\

Cmnf‘( f
orecle

b. The removal of heat from the igneous bodies in contact
with the surrounding rock usually creates a chill border
in the igneous rack.

2. Regionally Metamorphosed Rock - The intrusion of a Bathoiith,
a Laccolith, a stock, ar some other large magma body usually
results in metamorphism of the rocks in the region surrounding
the body. The degree of metamorphism generally decreases with
increasing distance from the center of heat.

: o
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LESSON 26, InQroduction
MOUNTAINS

Objectives:

1. To develop an understanding of the basic processes involved in mountain
building.

2. To create a concept of the combined effects of time and erosion on a
mountain range. .

References:

1. . THE EARTR-SPACE SCIENCES, Chapter 16.
2. FOCUS ON EARTH SCIENCE, Chapter 17. .
3. INVESTIGATING THE CARTH, Chepters 14, 15‘{and 16.

Special References: ‘ ‘ '

Holmes. PRINCIPLES OF PHYSICAL GEOLOGY (Ronald Press, New York), Chapter 30.

Gilluly, et al, PRINCIPLES OF GEOLOGY (Freeman Publishing Company, San
Franc1sc_7} Chapter 29. -

Shelton. GEOLOGY IL!USTRATED {Freeman Publishing Company, San Francisco},
Chapte~ 34.

Nyckoff. ROCKS, TIME AND LANDFORMS (Harper & Row Publishers, Inc.,
New York), Chapter 6.

Activities: o ‘52@;L s “;JE; {ﬁy
Field trips through the méuhtaﬁns.
ESCP 15-9 : 7 - Text 1348 -

< Teacher's ManuaJ 421-436

For the fol1ow1ng quest1on¢, refer to the Cross section which follows,
Blacken in the appropriate answir.

1. The letter F represents {a) anticline, (b} synciine, (c) fault,
{d) igneous intrusion.

2. The ]ettpr B represents (a) hogback, (b) cuesta, (c) butte, (d) mesa,
(e) seneplain,

3. The letter A represents (a) anticline,(b) syncline, (c) fault,
(d) monadnock, (e) mesa.

4. The ietter ¢ represents (a) hogback, (b} cuesta, (c) fault,
{d) anticline, (e) syncline.

5. The letter D represents (a) fault block mountains, {b) folded
mountins, (c) dome mountains, (d) volcanic mountains.

6. D was formed by an igneous intrusion called 3 (a) batholith, (b) stock,
(¢) stll, {a) laccolith, {e) dike

7. The letter E represents {a) fault block mountains, (b) folded
wountains, {c) come mountains, {d) volcanic mountains, .

239
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8. Letter G represents (a) monadnock, (b) cuesta, (c) hogback, (d) mesa,
(e) anticline.

9. The area betw=en F and A is typical of (a) fault block mountains,
{b) folded mountairs, {c) dome mountains, (d)} volcanic mountains.

10. The entire arce of the cross secticn might be referred to as (a) ridge
and valley, (b) eroded mountains, {(¢) complex mountains, (d) a volcanic
area, (e) a national disaster.

940
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LESSON 26
MOUNTAINS

I. Introduction

Mountains are the highest solid part of the earth. No other landforms
display such varied and beautiful scenery.

[. Mountains are not as Steep as they appear.

1. The average steepness (slope) of mountains is about 20°.

2. Mountains give the appearance of s*tcepness because the slope
is not continuous but is broken by step-like areas that have
very steep slopes.

B. True mountains have a complicated relief of over 2,000 feet.

1. Many areas of rough surface which are locally called "mountains
are really only hills. (Examples: Kings Mountain, Crowders
Mountain, etc.y

2. The highest mountain in the world is Mt, Everest in the Asian
Himalayas {elevation 29,028 feet).

3. The dzepest ocean trench is the Marianas Trench in the Pacific
(elevation is about 35,000 feet below sea level}.

4. The total relief of the earth is then about 12 miles.

C. Definitions of terms used to describe mountains:
1. Peak - single, more or less, isolated summit.
2. Ridge - an elongate crest or a linear series of crests.
3. Range - continuous group of peaks and valleys.
4, (Chain - group of ridges that run in parallel patterns.
5. System - group of ranges similar in form and structure.
6. Cordillera - a belt of mountain systems of great extent.

II. Cordillera are generally near and parallel to the borders of continents
in regions of crustal weakness. There are four great cordilleran
regions which inciude almos* all of t'.e great mountains in the world.
A. Tfve North American Cordillera.

B. The Southern European Cordillera.
C. The Asiatic Cordillera.

lfl{j}:‘ D. The South American-Antarctica Cordiliera.

(320 B o
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II1. Mountains pass through stages of development due to erosional forces.
A. During youth, mountains a~e still growing.
(NOTE: This is a very sicw process, requiring long periods of time
and accompanied by occasional earthquakes. Either the Pacific Coast
Ranges or the Aleutian Mountain Range may be cited as an example.)
B. Erosion alters surface as it iz built up.

1. Results in high, steep mountains with sharp peaks and deep
narrow valleys.

2. Young mountains aften rise well above the £ -ow line and thus
suppart glaciers during the entire year.

3. Hountain streams are vigorous and cut navrow and decp ravines
or V-shaped gorges. (There are often numercus waterfalls and/
0r rapids.)

C. In young fault-block mountains, fault scarps are prominent. The
scarps show notches where valleys were cut off by movement along
the fault,,

IV. Mature Mountsin Features.
A. In maturity, mountein g:owth hes stopped.
B. Rugged scenery has been worr down to rounded summits.

Gentler slopes 2re fringed by talus, covered with sand or soil,

(=

In lower and middle jatitudes, timber usuzlly reachzs summits.
£. Glaciers are ~zre except in high latitudes,

Earthquzkes seidum originate in mature mountains.
G. Strears bhz.,e also mat.ied.

I. Flow is slower.

™~

Villeys a-o wide: ard have genrtler slopes.

3. Stream di-ides ha.e becywe rounded.

4, Some streams 3re older than the mountains themselves.
a. Establiched before yplift o7 mountains

b. Streams cut deep, keeping pace with the rise.

¢. Wate gaps and wind gaps develop.

245
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H. The Appalachians (ridge and valley) are good examplies of folded
anticlinal and synclinal mocuntains that are mature.
V. There is no clear line of division between maturity and old age.

A. Mountains are worn down almost level, the final surface being o
peneplain with low relief.

8. Rivers ire very slow with few tributaries and low banks.

C. Bedrock is covered with a deep layer of weathered rock and soil
deposit..

Exanples: North Carolina Piedmont, Uwharrie Mountains.
VI. Hountains of Diastrophic¢ Origin.

Many mountain ranges are the result of diastrophic processes. Tnay
fall into tﬂo main -yroups.

A. Block mountains - result from faulting, known 3s block mountains
due to basic form, usually vary greatly in form due to erosior.
Example: Sierra Nevada f(bicuk 400 miles long and 50-80 miles
wide. Slopes west. Fault scarp faces east rising 2 miles high
in p]aces.g

B. Folded muuntains - result from tolding of sedimentary or l.va be

1. May be anticlinal or synclinal or resistast beds may be lef:
erosica as synclinal or monoclina) ridges.

2. The newer Appalachians in Pennsylvania and Virginia aras mad:
very old sedimentary rocks (also tie Uzarks).

D4,
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a. Beds were foldied and up!ifted seversl times at widely
scparated interyals resulting in long ridges.

b. The tops of these ridges zre even respresenting the remains
of un erosicnal peneplain,

t. Ciga»-shzped meurtatns, zig-zag vidges, and canoe-like
synclinal vrdges ave typical of this region.

VII. Volcanic cone and dome moun*aiaz result tenm yolcanicn. They cccur as
two types:

A. Volcanic cones - Erample: Lascen Pesk in Califorrde and Mount
29.Lanlt Lones
Vesuvius 1n Ttaly.

1. TFormed by the graduzt build'rg _p of their slopes.

a. Occyr T3 aiy by 3cuumr,ztina 3 unleanic fragments and lava
flows .

e B . P
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b.  The great vo'l7anic mayntaine of Hawgi® <esult from lave
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1) Later erosion of the less resistant cone leaves
upstanding plugs or peaks.

2) Thece may rise as much as 2,000 feet above tre
surrounding countryside. In Arizona and New Mexico
there are 150 plugs marking the sites of former
volcanoes. (Examples: Ship Rock, Devil's Tower.)

3) Entire mountain ranges have formed from volcanic
deposite.

a) The Aleutian Islands - volcanic range now rising
along the Alaskan coast.
b} Hawaiian Islands - also developing range.

Dome mountains - sedimuntary beds may be uplifted into broad dome
mourtains efther by intrusive laccoliths or batholiths. A11 dome
mountains have the following features:

1. An underlying central core of resistant igneous rock.

2. Erosion of the overlying sedimentary strata results in
circular ridges around the central core.

3. Irregular mountainous topography results from erosion.

VIII. ilountains of rombined Origin.

A.

Result from a combination of wountain-building forces and are
called couplex mountairs.

Formed by a conbination of two ~r more of the following processes.
1. Folding.

2. Faulting.

9y
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3. Volcanic eruption.
4. Igneous intrusion and dome formation.

C. The Appalachians {particlarly the Blue Ridge Mountains) are good
examples of complex moun..:ins.

IX. Mountains of Erosional Origin.

A, Some landforms c.lled mountains are actually deeply eroded or
dissected {cut-up) plateaus. Example: Catskiil Mountains in New
York.

B. Buttes and mesas are isolated renmnants of horizontai, undisturbed
strata.

C. Monadnocks are isolated hills or mountains of resistant rocks rising
abave the general level of a peneplain (usually igneous or meta-
morphic rock). Examples: Hanging Rock, Pilot Mountain.

047 L




LESSON 27, Introduction
PLAINS AND PLATEAUS

Objectives:

1. To gain an understanding of types of plains and plateaus and their relation
to the forces of formation.

2. To develop the relationship between the history of an ares or landform
and the surface that results.

References:
THE EARTH-SPACE SCIENCES, Chapter 16.

Special References:

Strahler, PHYSICAL GEOGRAPHY (John kiley & Sons, New York), Chapter 23.

Shelton, GEQLOGY ILLUSTRATED {W. H. Freeman & Ccmpany, San Francisca),
Chapter 15.

Wyckovf, ROCK, TIME, AND LANDFORMS (Herper & Row Publishers, Inc., New York),
Chapter 8.

Holmes, PRINCIPLES OF PHYS.CAL GEOLOGY (Ronald Press, New York), Chapter 29.

Activities:

i. Field Trips ‘
ESCP 15-9 Text 345-346
Teacher's Manual 505-507

GEOLOGIZ MAPPING EXERCISE 1

Introduction: Previously you have drawn profiles of topographic maps. This
exercise involves projecting the structure of rocks below tae surface on the
basis of their surface re’ationsi.ip, strike and dip, and apparent thickness.
The section below i1as veen completed in order that -ou might see the relation-
ship beiween the map and the cross section.

Coo e r¥ine
{,/rr *f/-l‘fe/".
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The problem of determining the true thickness of a bed can be solved
rather simply. Remember that when a bed dips veriically, the width
of the bed exposed at the surface is the true thickness.

ﬂpparen ? Pthickness

.l —Surface

0.“/0
Measure aclual (hlckness

Remember:
1. Unless there is evidence to the contrary, all folds are smooth bends.
2. Attitude symbols are drawn on contacts.
3. Al1l bed thicknesses in this exercise remain constant.
4. A1l symbols are not shown,
5. In the following two exercises, D is three times as thick as € and C
is two and one half times as thick as 0.
Symbals:
Strike -~ Strike
Fault I
Dipos ~_ Bed overturned
D - Devonian Tr - Triassic
S - Silurian P - Permian
0 - Ordovician Cp - Pennsylvaniar
C - Cambrian Cm - Mississippien
PE - Precambrian

When you complete the cross section, color tne beds and label each with
the appropriate symbul.

A

Mep

Cross cection

2490
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AD“S O‘le 0435#0«{ s_lo €+a+5+p S_‘o _“‘-8

{Cross cection

If you found the previous two interesting and enjoyabte, try the one
below.

‘ {o*l %o%sjf’ﬁ Cp ‘l cm_J f‘i‘cq‘,)l‘ﬁ"'o cil c,:] v

| Meap

Cross seclion
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LESSON 27

PLAINS AND PLATEAUS

II.

Origin of Plains and Plateaus.

Plains and plateaus are gernerally composed of layers of rock in horizon-
tal position.

A, Plains and plateaus are the result of deposition following erosion.

1. Howaver, wany are considered constructicnal Tandforms because
they have emerged due to diastrophic action.

2. Plains and plateaus are exposed when flat-1ying beds covered
by seas or lakes are then up-1ifted or uncovered by lowering
of the water level.

B. A slight lowering of the water level or rising of the land exposes
broad flat rock beds called crastal plains, interior plains, or
lake plains, depending on ihe conditicens of formation.

C. Constructional volcanism may result in lava plains and plateaus.

D. Some plains are the direct result of destructional agents.

1. Alluvial plairz - formed by the deposition of material from
rivers and streans.

2. Qutwash plains - formed by depositicn of material by streams
and rivers flowing cut of glaciers,

3. Till plains - vasses of material deposited by a glacier.
Coastal Plains are composed of fragments eroded from rocks along the
shore by ocean waves or carried into the ocean by rivers. Wave
action spreads out the debris into a smeoth flat surface.

A. The surface extends seaward often for hundreds of miles under
the water forming the continental shelf.

B, 0(n emergence all or part of this shelf becomes a coastal plain,

1. Coastal plains vary widely in width and in their surface
features because of:

a. The structure of the rock beds.

b. The nature and degree of uplift,

¢. The type of old land on which the coastel plain rests.
2. Beds in a typical coastal plain:

2. Probably flooded and drained several times due to

~hanges in sea level.

Pl |
fzz L
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n. Periods of erosion would have altered with periods of
deposiiion.

¢. Uplift may hava been simple or included warping into low
domes and basins.

d. The old land surface may have been flat or irregular.
III. Example: The Atlantic Coastal Plain.

A. The Atlantic Coastal Plain and its extension, the Gulf Coastal
Plain,extend from New York through Florida and Texas to Mexico.

1. Deposits consist of hundrecds of feet of loose beds of sand
lime, and clay.

2. The old land is ancient metamorphic rock like that which
also forms the Appalachian Mountains,

3. When the beds were i1aid down, the shoreline was at the
edge of the piedrent upland.

a. This ioining of <adimerts to the old land is called the

b. Waterfalls mark the change in slope of the streams
that pass from the o'd land down onto the plain,

(1) Many m=jor cities are located on the Yall line,
"~ Trenton, N. J.; Philadelphia, Pa.; Bal‘imore,
Md.; Raleigh, N. C.
’2) Those cities grew up because of the waterfall
pcwer available at the fall line.

: Fall .
=EA ‘m r‘a/ch Fall line

f,edmo,;Z‘.. - , 5fream fnc;sed'
N Cutfnl = -

inte redimaents

I’neo VI and melamorghic
rock besement
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B. History of the Coastal Plain.
1. DLCeposition of sediments.

2. Area was greatly uplifted. Rivers began to cut valleys across
the new plain.

3. A great deal of the area now under water was exposed,
4. The shoreline advanced and retreated periodically.

5. The latest submergence gave the shoreline its present
position.

a. The submer,snce drowned many river valleys forming the
harbors, bays, and sounds on the zast coast.

h. Outcrops of genctly dipping beds that can be traced from
Georgia to the ocean bottom off Kew England.

6. The topography is typical of land that vas recentiy part of
the sea floor.

a. Broad areas of flat jand are broken only by occasional
groups of low hills.

b. In the north, some of these hilly regions are due to
glacial deposits.

c. In the south, they mark outcrops of resistant rock.

d. The plain shows features common in areas of wind and
sea action.

1) Cliffs.

2) Sand bars and dunes.

3) Marshes and swamps (Everg'ades occupy 6,000 of the
7,000 square miles in southern Florida.)

e. The rivers of the Atlantic Coastal! Plain do not form
deltas because the waves and currents of the oOcean
carry off the sediment and distribute it along the coast
and on the continental shelf.
IV. Interior Marine Plains.

A. Interiors are vast inland areas that sre once covered by
shallow water. They were exposed by the ocean’s retreat

B. The area is wsually very flat with 2 few low dores

N
A
-
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C. Tnere are only a few very slowly flowing and meandering streems.
1. Progressing erosion results in an area of low rolling hilils.
2. The interior plains of the United States are a good example.
V. Lacustrine (lake} Plains.
A. Formed by emergence of a lake floor.
1. Occasionally due to uplift of the lake sediments.

2. More often the emergence results from the drainage of large
lakes.

B. Glacial Lake Agassiz - formed when north2rn drainage streams were
blocked by glacial ice.

I. Covered a large area in Canada and the states of Minnesota
and North Dakota - area 100,000 square miles.

2. Drained when glaciers melted - now forms flat plain of rich
black soil {major wheat farming region).

C. Lake Bonneyville (Utah).

1. Orce as large as lLake Huron.

2. Evaporation has reduced it to present Great Salt Lake
leaving lacustrine plains.

3. Former shorelines can be iuentified in valleys betwern
mountain ranges that were ~nce islands.

VI. Plateaus.
A. Elevation.
1. Elevations of most plateaus of the world exceed 2,000 feet.

2. Land is not classified as a plain solely on the basis of
elevation.

a. The relative elevation of a reqion is more important
than its actual elevation.

b. The relief is the most important basis of classification.

1) A plateau has high relief.
2) A plain has low relief,
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3. A plateau forrs an esc3rprent at least on one side.
a. An escarpment marks the change to lower elevation.
b. The escarpment is normally deeply carved by streams.
B. Origins.

1. True plateaus m~y be classified according to their origin.
Most plateavs are the result of diastrophism.

2. Faulting.

a. The Colorado Plateau (130,000 miz) resulted from broad
uplift followed by vertical faulting.

b. Repeated uplift and erosion has resulted in the forma-
tion of deep canyons (Exampie: Grand Canyon). The
plateau elevation at the Grand Canyon is between 7,500
and 9,300 feet above me2n sea level.

3. Warping.

a. The Appa]ach'an Pletezy was raised slowly without much
faulting., 1t is called a warped plateau because of its
original bl ster-like rzised nature,

b. The Appaiachian Plateau is a typical ruature plateau
cut by many st -ears.

1) These strears have fovmed vound top hills and
gertly sYoping x-l:eys.

2) The hills are cailed the Allegheny Mountains.

3) The tops of the vidges form a neariy level skyline
indicatirg the o~iginal flat nature.

4. Volcanic activity,

3. The Cquwbwa and Snake River Plateau is one of the

1=fge<¢ Ia\q i ows in the world.

b. Basaltir 722 f'ows. spreading from fissures, covered
3t teast 200,000 »* over an c¢ld area of mountains.
c. The greatest thizkness i< at jeast 5,000 feet.

The Blue and E1khorn Mountains were suriuunded and
partly buried by the 3java,

d. In some paces the 3.3 beds were vaised into tow
anticlingl folids creating long ridges.

200
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e. The Snake Rive- Canycn cut in this plateau is as deep
as the Grand Canyon; however, it lacks the contrasting
colors of the sedimentary beds. The steep walls of
the river gorges in the plateau are due to columnar
jointing

VII. Types of Plateaus

A. Intermountain plateaus (between mountains).

1. The name applies to high, flat surfaces Letween mountains.

2. Intermountain ptateaus include the Colunbia tava Plateau
and the Great Plains.

B. Pindmont plat=aus (mountain foot)

1. Bounded on one side by mountains ¢nd on the gther side by
lowlands, seas, or plains.

2. Examples include the Co'orade Plateau and the Appalachian
Plateau {Cumberland Plateauy and Allegheny Plateay).

C. Continental plateaus ri<e ahruptly from adjacent low'ands or
from the sea. They are not usually rimmed by mountains, and
they often form regu'3~ <horelines with few indentations.
(Examp!. : Continent of Africa)

0. Ice plateaus.

1. Greenland 3nd Anta-‘rtice 3re both 2!nost entirely covered
by relatively flat-topped ice caps {cont - nantal glaciers)

a. Greenland i< best known  The gvea is about 566,000
cquare miles  Tre te¢n soses to aghour 10,000 feet
abose s23 ‘eyel

b. Antacctic ice sheet covers abeut 5,000,000 <sau3-e
mrles with a mavimun thickness of abayt 14,000 feet.

2. hese ivcp sheets gre Tike the ront-nenta’ glaciers which
covered Norin Aserica and Europe du- "ng fne most recent
glac 4i peroad

3. The outer edge of the glac:er ends n ~teep 1 Ffs of dce
which continue to break off ard drop 3r 2 the sea for -ing
iceberys

[X. Life Histary of Plate3us.

A, Tre appearance of a plateau 2t d fferent <tgges 0f 2rosion
depaends on cliratic conditions ard tie type of rock that
undarlies the plateay

O
ERIC
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B.

A youny n‘ateau in a semiarid region like the Colorado Plateau
shiows striking scenery. In less arid regions, young plateaus
shuw rounder surfaces and gentler slopes, with soil covering

and some talus. Streams are few and cut deeply into the rock,

Mature plateaus are generally caled mountains, since they are
thoroughly dissected by streams.

1. The Catskill "Mountains" are actually a mature plateau.
2. Summiis are relatively flat-topped and theve are tevraces
or benches along the sides which reveal the genz-ally

horizonial structure of the original rocks.

01d age plateaus are worn almost level leaving standing only
remnants of the original plateau {mesas, buttes, etc.).

1 In srid regions, these ave steep walled with “lat surfaces.

2. In humid regions, these remnants are more rounded,




LESSON 28, Introduction
THEORIES OF CRUSTAL MOVEMENT

Objectives:

1. To survey the theories applied to explain diastrophic movement.
2. To develop a suitable combination of theortes that will expiain
diastrophic phenomena 'n general terms.

References:

1. THE EARTH-SPACE SCIENCES, Chapters 13 and 20.
2. FOCUS ON EARTH SCIENCE, Chapt=r 17.
3. IWVESTIGATING THE EARTH, Chapters 14 and 16

Special References:

Wolfe, et al. EARTH AND SPACE SCIENCE (D C. Heath & Company, Atlanta},
Chapter 12.

Holmes, PRINCIPLES OF PHYSICAL GEOLOGY (Rona'd Press, New Yo-k}, Chapters
24, 27, 28, 29, 30, and 3.

Gilluly, et al. PRINCIPLES OF GEOLOGY (W. H. F-eeman & Company, San
Francisco), Chapters 19 and 20.

Activities:

1. Investigating Earthguakes
ESCP 14-5 Text 318
Teacher's Manual 388-389

2. Continental Drift: Moke cut-outs of the continents and try to fit
them together. What reasons can you propose for a lack nf persfect
fit?

GEOLOGIC MAP™ "IG EXERCISE I1

Geologists map the structure 0of a vegion using many terhniques. Ore

of the most reliable and wost often used techn ques is reronstruction
from notes made in the field The evercise that fo'low. develops the
structure i1 an area of Wyoming known ac Q33 (reek. The genlogist

roted his observations {they are condensed here} at 54 different ‘oca-
tions in the area. Each Jocation s marked on the base map along with
the creeks and road locatinns. Yoyr task is tg cospile the lorations

on the map and draw the structure. Your finiched map ¢hould look like
any other geologic map To help you get staried: the contacts inferred
from stations 1 and 2 have been drawn in and labeled :
HOTE. This lab exercise *s ino involved for all but the nost advanced
eighti grade students. 1t < otfered here promartty t0 V13w you ta
experience the type of problesis which confroni geologists as they
unravel problems in the field
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HINTS: Before you start, read the Geclogical Survey Pamphlet Geologic
Maps, Portraits of the Earth and Principles of Geology, Cnapt2r &, Do
the 1ab in pencil and mark the age of the rocks on each side of every
contact. When you begin to see a trend, rough it i-; you can always
erase mistakes. When you have all the contacts and faults drawn in, you
can remove many of the age symbols and use a color or rolor pattern in
their places.

OIL CREEK, WYOMING REGION
Field Notes:

Sta. 1 - Ku (Upper Cretaceous) str. N30W, dip 10 NE. Contact of Ku
with horizontal Tf (Early Tertiary fan deposit) observed at
base of bluff % mi. north and south of 0i) Creek paralleling
stream course.

Sta. 2 - Contact Ku-Tf trending N3OW at base of bluffs. Similar
cortact seen south of 0il Creek trending in SE direction.
Both contacts continue to limits of map area,

Sta. 3 - Ku-Kl contact, beds str. N32W, dip 40 NE. Conlact curves
toward N-S trend within 2 miles S of this station.

S5ta. 4 - K1 {(Lower Cretaceous) - Js {Jurassic) contac.; beds str.
N30W, dip 35 NF. Contact parallels K1-Ku contact to north
and south.

Sta. 5 - Js overlain by horizontal Tf; contact trends N28W for 1%
miles. Tf capping is seen to be continuous for about 1%
mi. to SW, W, and NW.

Sta. 6 - Js-Tr (Triassic) contact; beds str. N20W, dip 30E.

Sta. 7 - Ftat-lying Tf roughiy ci-cular capping 3/4 mi, in diamater
overlaps Js on N, NE, SE, S. SW, and W; overlaps Tr on uW.

Sta. 8 - Js-K1 contact; beds st»r, N6OE, dip 6SE.

Sta. 9 - k1-Ku contact; beds str. N70W, dip 10 SW.

Sta. 1C - K1-Ku contact; beds str, il40W, dip 13 SW.

Sta. 11 - Ki-Js contact; beds str. N36W, dip 18 SW. At outcrop 5/8

mi. N33W from Sta. 11 this contact is covered by horizontal
T,

Sta. 12 - Js-Tr contact; beds str. N30W, dip 15 SW., Tr exposed
continually along Canyon Creek to Sta. 6. Tf overlaps
Js~Tr contact % mi. north.

Sta. 13 - Edge of Tf capping on Js. Js-K} contact % mi. W,

Sta. 14 - K1-Ku contact; beds str., N2CW, dip 11W.

Sta. 15 - Ku-Kl contact; beds str. {284, dip 65 NE.

Sta. 16 - K1-Js contact; beds str. and dip same as Sta. 15. Kl
900 ft. thick in this vicinity.

Sta. 17 - K1-Jds contact; beds str. N15W, dip 9 SW.

Sta. 18 - Western extremity of roughly elliptical Tf capping just
overlaps Kl-Js contact at this station. Long axis of
capping trends N60C approx. 3/4 mi. long, % n. wide,
underlain by Js everywhere except at Sta, 18,

Sta. 19 - K1-Jds contact; beds str. N25E, dip 6 NW.

. 20 - K1-Js contact; beds str. N70W, dip 8 N.

. 21 - East edge of Tf capping, on Js.

[ S
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Sta. 22 - Js-Tr contact; teds str. N-S, dip 6W. Tt covers contact
L mi. S.

Sta. 23 - Tr-ds contact; beds str. N35W, dip 10 HE.

Sta. 24 - Js-K1 contant; beds str. M30W, dip 25 NE. Tf caps Js % mi.
S. Js-X1 contact not covered between Sta. 24 and Ste. 4.

Sta. 25 - K1-Ku contact; beds str. N30W, dip 36 NE.

Sta. 26 - Ku str. NI5F, dip 10 SE.

Sta. 27 - Ku-K1 contact; beas str. H56E, dip & SE.

Sta. 28 - Ku str. N75W, dip 8 Si.

Sta. 29 - Ku str. NI5E, dip 35 SE.

Sta. 30 - Ku-K1 contact; beds str. N-S, dip 50 €.

Sta. 31 - Kl-Js contact; beds str. N-S, dip 50 E. K1 in this vicinity
only 100' thick.

Sta. 32 - Js-Tr contact; beds str. N-S, dip 65 £,

Sta. 33 - Fault plane, str. N28W, dip 5 SW. M (Mississippian) on Tr.

Sta. 34 - M-D (Devonian) cnrntact, beds str. N26l, dip 70 SW, overturned.

Sta. 35 - D-€ {Cambrian) contact, str. and dip s3ame as Sta. 34.
flisconformity at contact.

Sta. 36 - €-pre€ [Precambrian) contact, str. and dip same as at Ste.
34. Slightly unconformable contact.

Sta. 37 - Tear fault trending HGBE D&M along soutn side of fault;
pre€ along north side D&Y str. NI1QE, dip 80 W, overturned.

Sta. 38 - P (Permian? & Tr (Str. d4-S, dip 80 E) apnear to underlie C,
D, and M along N bank of creek; fault plane strikes N68E,
vartical. D&M str. i20E, dip 80 W, overturned.

Sta. 39 - Fault ,lane, str. N2e6W, dip v SW, M on Tr.

Sta. 40 - Tr-Jds contact, beds str. HluW, dip 70 E.

Sta. 41 - Js-K1 contact, beds str. H2W, dip 52 E.

Sta. 42 - K1-Ku contact, beds str. i-S, dip 45 E.

Sta. 43 - Ku, str. N45!, dip 7 NE.

Sta. 44 - Ku-Kl contact, beds str, H40E, dip 5 NW.

Sta.-45 - Ku-K1 contact, beus str, 454, dip 60 NE.

Sta. 46 - K-Js contact, beds str. {43W, dip 65 NE.

Sta. 47 - Fault plane, Str. +30W, dip 8 SW, ! on Js.

Sta. 48 - M-D contact, bLeds str. l30W, dip 80 SK, overturned.

Sta. 49y - 0-€ centact, beds str. 284, dip 75 SW, overturned.

Sta. 50 - €-pre€ contact, beds str. il20W, dip 70 SW, ovarturned.

Sta. 51 - Fault plane, st~ 29W, dip o Si, M on Tr.

Sta. 52 - Tr-Js contact, beds str. H28W, dip 7u INE.

Sta. 53 - Fault plane, str. [i2EW, dip o SW, I on Tr.

Sta. vd4 - €-pre€ contact, uveds str. {Z0W, dip 70 W, overturned.

Draw cross-section of tiue entire arca from NE to SW along a line
passing tarough stations 2 and 13.
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CEGLOCT. MAMPING EXRRLISE Oil CHECK, WYCMINZ

T

|

3

(\')’1? o= mi]'.’

261




Ueiiqueddud | 34 JLSSeLU)
ue Laquen 1ng oisseanp
Ue LUOA3Q ﬁuuug SN0SJRII4) ABMOT]
uerddissessiy Y, SN0ade3au) 4addp
ue L ad JMMQ - TE FEY]

LESSON 28, Introduction, Page 5

€L PU™ 2 SKOILYLS H3NGHAL INISSYS NOIISI5-55029

<o

=] [«]

Bt

|

Aruitoxt provided by Eic:

E\.



LESSON 28
THEORIES 0# CRUSTAL MOVEMENT

I. Many theories have been advanced to explain why and how the crust
moves .

A. The theory of isostasy can be applied vn a regional basis to
explain movements of uplift or subsidence.

B. However, thrusting and the raising of mountain ranges,
particularly those involving folding on a large scale, cannot
be explained satisfactorily in this manner.

C. Therefore, a number of theories have been advanced.
I1. Contracticn Theory.

A. The contraction theory proposes that the earth is cooling
and shrinking as a result.

B. Because the crust is rigid, it cannot adjust to the smaller
volume and therefore the crust undergces buckling as heavier
strata and lighter strata are lifted and warped upward.

‘-"Rf.gl'd crusf bhuckles
ag /J/a sT)¢c core
g .S'Arf'n/f!

C. The major shortcoming in this theory lies in the fact that
the statement C = 2 r indicates that for every 6€.28 miles
of crustal sihortening the earth must decrease ) mile in
drameter. On this basis the earth would have to shrink
about 6,000 miles in diam:ter to account for all the crustal
shortening on the earth or 500 miles for the Alps alone.

D. Present heat flow evidence indicates that the earth is not
losing heat toc space as repidly as it is produced by radio-
active decay. Thus, the earth is not cooling off but in
fact, may be teating up slightly.

I11. txpansion Theory.

A. The expznsion theory accounts for tue paleomagnetic drift
evidence, toe rift valleys, etc.
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The theory also accounts for the apparent formation of new
crustal material in the oceanic rift valleys.

The theory does not account for the overthrusts as evidence
of contraction.

The heating is not sufficient to explain the existing crustal
changes.

1V. Convection Theory.

A.

The convection theory states that the material in the mantie
1rises and sinks according to its density forming convection
currents similar to those in a container of heated water.

Heat from the core causes expansion and decreasing density
resulting in a plastic upward flow of rocks intc the mantle.

Cooling near the crust causes an increa;e in density due
to contraction and a plastic flow dowiward results.

Evidence: rift valley systems throughout the world.

Crust
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V. 1In 1912 Alfred Wagrer proposed that the continents were drifting.

A. This theory has been proposed to account for diastrophic
movements and faulting and folding along the edges of the
continents,

B. The theory proposes one large originai continent called
Gowandaland composed of granite floating on the basaltic
ocean basin.

Sevth Amariea

G'o\cn'afl'ﬂ

<

Avetralle

€. The theory proposes that convection currents pushed the
continents around (drift) causing the formation of mountain
ranges on their leading edges.

PR S
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Velcanoes
Crust Ocean
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D. Recent drilling has confirmed the Jack of granite or ancient
sediments on the ocean floor which shculd be missing if the
continents are drifting.

E. Other studies of rock magnetism, rock type, rock structure,
and fossil correlation support the theory.

VI. While continent drift can account for the mountair ranges along
the leading edges of crustal blocks, trenches and rift zones;
it cannot explain the mountain ranges along the trailing edges
of blocks such as the Appalachians. Th2se can be explained by
the so-called geosynclinal theory.

A. The geosynclinal theory functions as follows:

1. Deposition of sediments in an area causes isostatic

subsidence.
_ Eresion
Eresion ) Pt
—s Deposition \
=

t

2. As time progresses the deposits become thicker and the
resulting displacement increases.

EFrosicr Erosior
A/

Depocition -—
M
UP/I.-/t Uplift

SuéJffanze

9 f\' ’-\
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3. Eventually the pressure of the displaced mantle material
and the pressure of overlying sediments cause structural
displacement which allows the material to melt or become
plastic,

' - -
Eresion Frosion
——r,

Depositior

uptfee 7 ' (I
7 Fayults
Z;iifjj:: r\ ( L ; Md“:ma fermation
burlld wp A B oo v 7 i

Sebsidencse

4. As pressure builds up on the plastic mass, folding and
faulting cccur on a massive scale usually accompanied
by volcanism as the entire mass is unlifted.

Isostatic pressuare Causgefs
wplift end b lds

P

e ledn mzn?s

5. Subsequent erosicn and the remnual of material result
in isostatic readjustment eventually eroding ithe entire
range to base leve! and expozing the ¢'d roots of the
mountain range.

VII. Surmary.

While there is evidence for and 2gainst each o° the above
theories, it is generally conzeded that Isostasy, Convection,
and the Continental Drift theories 3¢t in some combination

to produce diastrophic movements. Present evidenrce tends to
favor some form or the Continenta’ Drift ~heory. The
geosynclinal theory is generally 3ncepted 3s being a reason-
able explanation for the formation of mount3ins similar to the
Appalachians,

R . a0
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GEOLOGIC TINME

Objectives:

1. To develop a concept of tihe history and problems involved in
establishing a geologic time scale.

2. To develop an understanding of the techniques employed in
establishing a series of past events and the time required for
their occurrence,

3. To introduce the Geologic Timetable.

References:

1. THE EARTH~SPACE SuIENCES, Chapnter 19.
2. FOCUS ON EARTH SCIENCE, Chapters 19 and 20.
3. INVESTIGATING THE EARTH, Chapters 17 and 18.

Special References:

Wolfe, et al. EARTH AND SPACE SCIENCE (D. C. Heath & Company,
Atlanta), Chapter 40.

Gilluly, et al. PRINCIPLES OF GEOLOGY (W. H. Freeman & Company,
San Francisco), Chapter 7.

Holres. PRINCIPLES OF PHYSICAL GEOLOGY (Ronald Press, New York),
Chapter 13.

Dunbar, Carl 0. and Waage, Karl M, HISTORICAL GEOLOGY (John Wiley
& Sons, Inc., New York), Chapters 1, 2, and 3.

Activities:

1. What is time?
ESCP 17-1 Text 374
Teacher's Manual 467

2. Creating a model of radinactive decay.
ESCP 17-4 fext 378-379
Teacher's Manual 471-472

3. Investigating the geologic tim2 scaie
ESCP 17-7 Text 384-385
Teacher's Manual 475-478

4. Putting the niecec together.
ESCP 18-6 Text 399
Teacher's Manual 495-497

5. Interpreting the history of a model.
ESCP 18-8 Text 402
Teacher's Manual 498-501

5. Rocks rereal ancient climates.
ESCP 18-10 Text 403-406
Teacher's Manual 503-504
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b.

EXERCISE I

STRATIGRAPHY

Part I.

for each of the following questions, refer *o the accompanying
stratigraphic section. Blacken completely the letter of the
correct answer to the guestion.

1. The oldest wock in the saction is labeled {a) A, {b} M,
(c) N, (d) L, (e} Q.

2. The youngest rock in the sectior is lateled (a) A, (b) M,
(c) N, (d) L, (e) Q.

3. Which is older? (a) Igneous intrusion M, (b) Ignecus
intrusion N.

4. Which is older? (a) Fault 0, {b) Fault P,

5. The surface at Q would be called a (a) Fault, (b) Disaster,
(c) Unconformity, (d) Intrusion.

6. Which is older? (a) Fault 0, (b) Intrusion N.

7. Which is older™ (a) Unconformity Q, (b) Fzult P,

8. Which is older? (a) Unconformity Q, (b) Fault 0,

9. hich is younger? {a) Unconformity Q, {b) Intrusion M.

1C. Which is older? (a) Unconformity Q, (b) Intrusicn N.

Part 17,

List in correct chronological order the proper sequence of evonts
according to relative age. Include sedimentary rock layers,
igneous intyusions, faulting, ard unconformities. Use letters

to indicete events beginning with o’dest and working to tie
youngest.

o 92610
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7.

EXERCISE 11

STRATIGRAPHY

Part I.

Blacken the letter of the word or statement that best answers
the question. Refer to the diagram to answer the questions.

1. The structure found in layers G - T is (a) a graben, (b)
an anticline, (¢) a syncline, (d) a thrust fault.

2. Which igneous intrusion is oldest? (a} X, (b) Y, (¢) Z.

3. ?h§Ch igneous intrusion is youngest? (a) X, (b} Y,
c) Z.

4. Which fault is older? (a} Fault V, {b) Fault W, {c)
Cannot tell from available data.

5. The line labeled U is {a) a fault, (b) a dike, {c) an
angular unconformity, (d) a discenformity.

6. The oldest rock in the structure is (a) F, (b) T
() Y, (d) A, (e) P.

7. Between strata £ and strata F, intrusicn Z would be
considered a (a) dike, (b) sill, ‘¢) laccolith, (d) stork,
{e) batholith,

8. Fault V is a (a) normal fault, (b) reverse fault.

9. Fault W is a (a) normal fault, (b) reverse fault,

For questions 10 - 15, blacken the letter of the structure that
is the coldest of ihe two structures listed.

10. (a) Intrusion X, (b) Fault V.
11. (a) Intrusion X, (b) Unconformity U.
12. (a) Intrusion Y, (b) Fault V.
(a) Intrusion ¥, (b) Uncenformity U.
14. (a) Intrusion Z, (b} Fault ¥,
15. (a) Intrusion Z, {b) Unconformity U.
Part 1.
Write a complete geological sequence of events. Include each

sedimentary layer, fault, unconformity, and intrusion in the
order of their occurrence, {Put the oldest on the bottom.)

°7f .
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8. STRATIGRAPHY EXERCISE

part I.
INSTRUCTIONS: The following questions refer to the cross section.
For the cross section assume that no beds are overturned.

1. The oldest rock in the section is labeled (1) A, (2) 3,
(3) ¢, (4) L.
2. The oldest rock was deposited in (1) a molten state,
(2) a desert area, {3) a beach, (4} clear, warm sea water.

3. ?h?re is the best place to fish (1) R, (2) S, (3) W,
4) P.

4. What are the relative ages of the igneous rocks? (1)
D older than A, {2) A older than D.

5. In what sedimentary rock would you expact to find eroded
fragments of igneous rock D? (1Y N, (2) G, (3} A, (4) P,

6. In what sedimentary rock would you expect to find eroded
fragments of igneous rock A? {1) ¥, (2) N, (3) D, (4) P.

7. What are the relative ages of igneous intrusive D and
fault K2 (1) D is older than K, (2} K is older than D.

8. What is the absolute age of igneous rock D? {1) 200 m.y.,
(2) greater than 20C m.y., (3? less than 200 m.y.,
(4} unknown.

9., 4hat are the relative ages of sedimentary rock P and
sedimantary rock V? (1? P is older than V, (2) V is
older than P.

10. What seems to be the cause for the ridge at R?
(1) Tocation of stveam, (2} igneous dike, (3) faulting.

11. The stream W is flowing south toward the observer. Hhat
rock forms most of the valley wall (under the alluvium})?
(1) sandstone, (2} igneous rock, {3) limey shale.

12. What rock type underlies most of the alluvia along the
present valley floor? (1) sandstone, (2) igneous rock,
{3} lirey shale.

13. Features at P are (1) eroded remnants of an ancient
valley floor, {2) eroded remnants of an ancient road-
bed, (3) remnant roadbeus of eroded ancients.

—

14. Has the valley beer deepened by stream erosion? (1} Yes,
(2) No.

—

LRSI
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15. 0f the following types of bedrock in the valley, which
would usualiy be most easily eroded? (1) sandstone,
(2) igneous rock, (3) limey shale.

—

16. With the further passage of time and assuming the Stream
is competent to erode the bedrock, vhat prediction would
you make as to the future location of the stream? (1)
shift to the east, (2) shift to the west, (3) give up and
go home.

17. This area is at present dry land. It was also dry land
in the past; once during the interval (1) 20 m.y. to 185
m.y. ago, {2) 185 to 200 m.y. ago, (3) 200 to 265 m.y.
ago, (4) 265 to 320 million years ago.

18. And earlier during the interval (1) 20 to 185 m.y. ago,
(2) 185 to 200 m.y. ago, (3) 200 to 265 m.y. ago, (4?
265 to 320 million years ago.

19. Of these two times during which the area was dry land,
the land probably stocd higher above sea level during
the (1) earlier time, {2) later time.

20. The facies change in rock unit N tells us that the
sediment source area lay to the {1) east, (2) west of
the area shown on the cross section.

21. The ycungest formation in the section is {1) R, (2) L,
(3) 0, (4) v.

22. The origin of the youngest formation is (1) ignecus
activity, (2) sand deposited near shore, (3) hardened
layers of mud, (4) flood plain deposition.

23. The anticline in the section was foried between
(1) 20 and 185 m.y. ago, (2) 185 to 200 m.y. ago,
(3) 200 and 265 m.y. ago, (4) 265 and 320 million
years ago.

24. Which feature is older? (1) igneous dike A, (2) fault

K, (3) both same age, (4) cannot tell from evidence.
25. The feature labeled E is (1) an unconformity, (2) a
normal fault, (3) a thrust fault.
Part I1.
Write a complete geological seguence of events. Include each
sedimentary layer, fault, unconformity, and intrusion in order
of their occurrence. (Put the oldest on the bottom.)

271
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LESSON 29

GEOLOGIC TIME

1.

Introduction.

The problem of the age of the earth has plagued earth scientists
for many years. Scholars in the middle ages generally agread that
the earth could not be less than 5,000 nor more than 6,00C years
old. One scholai, James Ussher, set the earth's beginning at

9:00 a.m. on October 26 of the year 4004 B.C. There were otner
problems in explaining fossils of ancient sea 1ife in rocks or
mountain tops and explaining the volume of rock and how it was
formed.

A. The first attempt at explanation was made by Abraham Werner
(1749-1815).

1. He believed that the rocks were precipitated from sea
water during the great flood.

2. He subdivided all the rocks into a sequence.
a. Alluvian (later became Cenozoic-Tertiary).
b. Secondary (later became Mesozoic).
c. Transition {later became Paleozoic).
d. Primary {later became Precambrian}.
B. The present geologic timetable was developed by trijal and
error during the last 200 years. The scale is still being

changed today as new evidence is uncoverad.

C. It was not until about 1833 that a time scale was developed
that could apply wiith reasonable certainty around the world,

The geologic timetable was developed on tha theory that the
passage of geologic time has been accompanied by certain events
that are recorded in the rocks.

A~ Uniformitarianism - the rate of processes and the processes
happening today are the same as those that have been
acting throrgnout the ages. Tiie present can be used as a
"key" to tha past - principle established by Charles
Lyell and Janes Hutton.

B. Proper interpretation of the earth's listory is impossible
without an understanding of the processes that have been
acting throughout time.

276
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IT1. Techniques.

A. The principal technigue which has been in use in the sub-

branch of geology is known as §ﬁratiﬁraghg. The principal
rule of stratigraphy is that of the "Order of Superposition.”

1. Layers at the bottom of a series ave older than the vocks
at the top. (Exception: Rare cases where sedimentary
rocks have been overturned.)

M\'\/‘W
T T Youngest

( —
L
!
f

_ O/dest

TR C L

2. Igneous rocks are younger than the rocks into which they

£ —7 _;
\ /5:
%____LI%/H?*' TZ{

3. Faults are younger than the youngest bed cut by the fault.

Faull /s Younaesl;

B. Stratigraphic features used as evidence in sedimentary rocks
include;

1. Sedimentary rocks are laid down one layer i a time.

2. {Lertain kinds of rocks are laid down only under certain
conditions.

3. The fossils that occur in a rock may indicate time,
conditions, and ciimate.

4, There are places where no deposits occurred or where
ercsion was the dominant process during a particular
pericd of time.

gy
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5. Sedinents may be warped, broken, or intruded.

6. Contact metamorphism may te present where rock has been
intruded and is often helpful in determining time sequence.

C. Fossils are used in determining the relative age of a rock:

1. By applying what is known about previousiy studied areas
containing fossils to the area being studied.

2. By using established index fossils.

D. <Clince stratigraphy invoives finding clues in the rock structure
to determine the relative ages of parts of the structure the
time scale deveioped is rclative.

1. Relative Time Lcale - A scale based on 2 sequence of
events.

2. ldeally, events in geologic history should be dated in
relation to the presznt in addition to being arranged
in a relative sequence.

3. However, pzris of the rock record are missing because of erosion.
The eroded surfaces in the rock record are called unconformities.

a. Angular Unconformity - If beds above and below the
surface are not parallel, the unconformity is said
to be angular.

{
-—————_——'»—-’-- — -

Erosion Angelar

b. D1sconform_fx - I¥ the beds above the uncontormity
are parallel to thcse below, the unconformity is
said to be a disconformity.

£Frosion _/\/\ié-l)frconfarm,'fy
surface ? -
- —
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IV. Absolute ages refer to definite figures indicating “"how long
ago" an event occurred.

A. Early attempts to establish an absolute time scale included:

1.

Salt content of the oceans - How much salt reaches the
ocean per year? Relate time to present salt content
assuming the oceans were created as fresh water.

Rate of erosion - Estimate time for erosional features
to reach present stage of develgpment.

Both methods are faulty due to wide variations in the
amount of erosion and deposition wath clianges in
conditions.

B. With the discovery of radioactive dating, a tool was devel-
oped vor arriving at an absolute time scale.

1.
2.

Certain elements undergo radioactive decay.

The time it takes for half the raterial to decay is
called the half-life. NOTE: The entire cample does
not conpletely deteriorate in twi-e the haif-life,
only half of the remainder,

Half-1i{fe of some materials used in geologic time
determination:

a. HYranium ~——> Lead in 4,500,000,000 years.
b. Carbon14-———-—> Carbon12 in 5,568 y=ars.

c. Many other 2lements also undergo radioactive decay
and can be used.

It a semple of rock s analyzed and the amounts of
uranium and l1ead or carbon14 and carbon]2 are known,

then the absolute age can be calculated.

Oldest rocks dated by this method come from Tanganyika,
Africa, and are 3.6b6 billior years old.

Other dated rocks of interesi:
a. Appalachian hountains - 1.1 billion years oid.

b. Kings Mountain, N. C. - 250-35C million years o:id,

279
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¥, The Geslogic Timetable: Subdivisions.

A. The passage of geoiogic time was accompanied by certain
events that are recordad in the rocks.

B. To subdivide geologic time, it i> necessary to pick out
natural "punctuation marks", events of great geologic
importance znd/or magnitude,

Y. 71 orogeny (mountain building} provides a natural break
tor the study of earth histcry.

a. Mountain Luiliding represents an event of worldwide
importance.

b. Major intervals were represented by deposition of
sedimerts in geosynclinal basirns.

¢, Each episode of deposition was brouzht to a close
by alleged world-wide oregeny, causing retreat of
the seas and subsequent erosion of the sedinments.

d. This erosional periocd caused a "break" in tha
depositional history called an unconformity.

2. Orogeny has been almost completely abandoned as the true
basis of dividing geologic time on a world-wide basis
because it has been found tnat it may be restricted to
a single continent or porticn of a continent.

a. Unconformities occurring in one area may not appezr
in another.

b. During an crogeny on one continent, a complete
sequence of sedimentary rock may have been put down
in other parts of the world.

3. Fossils from different rock layers (largely those of
the Furopean Sequence) are employed as the basis for the
comparison with fossils in strata from other parts of
the world.

V1. Subdivisions of geologic time are based on st:ata in Europe
(especially Britain, France, and Germany).

A. Names given to the geoicgic time scale divisions were first
appliec to sequences of sedimentary rock that could be
distinguished by their characteristics or separated from
other sequences,

Most of tha names have European origins,
Five naoloqic eras and the pronunciation and meaning of
their naves:

o
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Principal acceat nark
Secondary accent mark

o~
e’
N ow

1. Cenozoic {sea' - no - z0" - ik) = recent-life.
2. Mesozoic (mess’ - o - z0" - ik) = middle-life.
3. Paleozoic (pay' - 1ee - 0 - z0" - ik) = ancient-}ife.
4. Proterozoir {proi' - er - o - z0" - ik} = fore-life,.
5. Archeozoic (ar' - kee - 0 - zo" - ik} = heginning-1ife,
(NOTE: If the earth is as old as it is thought to be, Pre-
cambrian time may reprecernt as mucih as 85 percent of all
earth nistory.)

C. Periods in the Paleozoic Era:

1. Permian (pur"- mee - un') = For the province of Perm
it the Ural Mountains of Russia.

2. Peansyivanian {penn' - sil - va" - ni - un) = For the
state of Pennsylvania.

3. Mississippian (miss' - i - sip” - 1 - un) = For the Upper
Mississippi Valley {The Mississippian and Pennsylvaniaa
periods are used in the United States in piace of the
European period known as the Carboniferous).

4, Devonian (dee' - vo" ~ nee - un) = For Devonshire,
England.

5. Silurian (si - Tu" - »i - un) = For the Silvres, an
ancient Wales tribe.

6. Ordovician (or - doe « vish" - un) = For an ancient
Celtic tribe which lived neir the Type locition in
Yales.

7. Cambrian {kem" - bri - un') = From ihe Latin word
Cambria, meanins, Wales.

Lo

Periods in the Mesozoic Era:

1. Cretaceous (xrae' - tay" - shus) = I .m the Latin word
crets, niaaning “chalk"; refers *o chalky 1imestones such
as those exposed in the white c1iffs of Dover on the
Erglish _hannel,

2. Jurassic (ju' - rass" - ik) = For the Jura Mountains
vetween France and Switzerland.
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3. Triassic {t-y’ - ass" - ik) = From the Latin word trias,
meaning "thres"; refers to the natural three-fold division
of these rocks in Germany.

E. Periods of the (enozoic Era:

1. Quaternary {kwan" - tur - vuh - ri} = Implying "fourth
generation,”

2. Tertiary (tu-" ~ shi - ev - i} = Implying "third deri-
vation."

(NOTE: The rzmes of these two periods were derived from
a system of classification which divided all of the
earth's rocks “nto four groups. The twe divisions in
the Cennzoic are the only namas from this system still
in use )

F. The standard rock column of today is still based on the
strata of Wesiern Europe and is universally used as the
basis for the geoingic time scale.

G. Most of the namas have European origin.

I Some names a-¢ descriptive:
a. Cretaceors (chalky).
b Carbenifertus (coal bearing).

2. Scae were nar2s of geogrephical localivies:
g2. Dewnnian fDevanshi-e, England).

b. Ju-rassic fJura Mountains).

~y

Cambriar (fzmbridge, England).

d. Pevmian (Perm, Russia).

e. Missicsipoian and Pennsylvanian are named for areas
within the Unsted States. These divisions of the
Ca:boniferous are not used in Europe.

3. Some were named foc incient tribes that inhabited the area,

a. Silurizn {fo- the Situres)

b. O0rdo.ician (for the Ordovician tribe).

282
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GEOLOGIC TIME CHART

AGE DIVISIONS DOMINANT LIFE TIME
i DURATION |BEGIN'.ING
in millions|millions
ERA ANIMAL PLANT of years [of years
PERIOD era
EPOCH _ period
Recent epoch
QUATERNARY - - - - - - man - -|- - 2-3]0.01
© Pleistocene 1 1-3 2-3
(@] s
2 Pliocene | jammats flowering |5 10y
w Miccene bony fish trees w 14 26
[ . 7| birds and o A -
TERTIARY  J01igocene | po1q fishl  shiubs 62 -1z 37-38
fq;gge_ o _arthropods 16 53-53
- L LS =S
¢aleocene 11-12 65
o |CRETACEOUS conifers 71 138
= — ~~ cycads .
= |JURASSIC reptiles ginkgos = 54-591 190-195
4 —— ferns - .
= ITRIALSIC 30-35 225
PERMIANgA? i S scale trees 55 280
FENNSYLVANIAN £ 3 | anphibians | cordates
T 2§57 insects —1— tree ferns T
© |MISSISSIPPIAN e calamites 65 345
e |- —+ —— primitive :
< |DEVONIAN | scalénaes, |. 50 395
;é sharks _ | and thee Vi
o ISTLURIAN Tungfish ps{1ophytes 35-45) 430-440
ORDOVICIAN R
_ bradhfopods | 70-80| 500
CAMGRIAN bchinoderms funqi
RIA perilobites 4 31322 70 570
Grenville beginning of prinitive 1000*
= Orogeny plant and animal life
& |01dest Known Rocks 3200*
;,‘g in North America .
S |01dest. Known Rocks 3 3400*
W |{Murmansk Area) b
Q.
Probable Age *
of the Ear*h 46007

* Dates adapted trom Oregon table. Table adapted from Oregon State Geologic
Q Survey Time Table by F.L. Beyer and R. G. Whisnant. Dates taken from U.S.
]:MC Geologic Survey - Geologic Names Committee 1968,
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HISTORICAL GEOQLOG:

Objectives:

—

To develop an overa') concept of the events that occurred in the
United States prior to the end of the Paleozoic era.

2. To develop a roncept of the evidence concerning the develonmeni
of 1ife up to the beginning of the Mesczoic era.
References:

1, THE EARTH-SPACE SCIENCcS, Chapter 21,
2  FOCUS ON EARTH SCIENCE, Chapter 20.
3. INVESTIGATING THE EARTH, Chapie-s 18, 19, and 20.

7

Special References:

Wolfe, et ai. EARTH AND SPACE SCTENCE {(D. C. Heath & Company, Atlanta),
Chapters 10, 4%, and 42.

Dunbar, et 31 HISTCRICAL GEOLOGY (John Wiley & Sons, Inc., New York),
Chapters 1-13,

Giltuly, et 2'. PRINCI®LES OF CLOLOGY (W. H. Freeman & Company,
Ssn Francisco), Chapter 22.

Holmes, PRINCIPLES OF PHYSICAL GEGLOGY (Ronald Press, New York),
Chapter 13

Activities:

1. Tneestigating a fortp-int puzzle
£sSC2 79-5 Tert 416
Teacher's Manual 522-523

2. Fossiis gve clye. to earth history
FSCP "9-8 Text 419
Teacner's Manual 527

3. Invest-gztirg ~a-iatior and evolution
ESCP 19-0 Text, 421
Teache-'s Manual 529-531

4. Imestrgating Pra-amb-ian racks
ESCo 20-7 Text 435
Teacher's Manval £46-548
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LESSON 20
HISTORICA. GEOLOGY

1. The Cosmic Era - Time of formation ¢f the earth.

A. Several hypotheses have been presented as to the formation
of the earth.

B. The Nebular or Dust Cloud Hypothesis appears to be the best,

I1. The Azoic Era was a period without life; the earth was undergoning
many physical and chemical changes.

A. Deveiopment of core, mantle, and crust took place.
1. Temperature rose allowing separation according to density.

2. The crust a¢ first was tnin and weak, so therv probably
was great instabiiity in the crust with continuous
thrusting up and wearing down of mountain masses and
upwellings of lava and volcanic eruptions,

3. The surface may have resemhled that of the moocn.
B. Davelopment of an atmosphere.

1. Early atmosphere probably CH, (methane}, water vapor,
NH3 {ammonia}. A1l derived * from solids in the dust
cloud.

2. Photochemicel processes allowed these early gases to
change.

a. Primitive plants probably developed early {free-
{1oating microcrganisms).

b. Primitive animals could not develop until oxygen
was supplied by photochemical dissociation of water
vapor.

1} 28,0 —2—> 24, + 0,
2} Eventually present atmospheric proportions were

reached.

——
a) Oy 4 20,7 57> €0, + 2Hy0
b) dNH, + 302_Tgh? 64,0 + 2N,

C. Development of the oceans.

1. Granitic rocks were gathered together to form the
continental masse., probably due to convection
currents in mantle.

[2 X O 20 , _ I
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2. Heavie:r basaltic rocks formed the ocean basins.

3. It is generally agreea that water was supplied from
freeing of water by volcanic eruptions.

D. There was widespread volcanic activity.

[T1. Precambrian Era {Qutline of geologic iime with emphasis on
geologic events and evoluticn of life forms in North America).

A. The Precambrian Era includes the whole of geologic time
vefore the earliest Cambrian sediments were deposited.

1. 80 - 85% of 311 the earth's history.

2. The least is known about this era because of the
metamorphosis of the geolegic rock record and an
absence of fossils.

B. Subdivisions of the Precambrian Eras.

1. Azoic - "without 1ife”,

2. Archeozoic - "very ancient life".

3. Proterqzoic ~ "ancient life",

C. Contipental Shields.

1. Every continent contains a Precambrian Shield as a
nucteus of the continent.

2. The shield of North America is found almost exclusively
in Canada and is calied the Canadian Shield.

3. Precambrian Rocks are found in other areas, but
generally are at the surface only at shield areas.

a. Found in cores of mountains by driliing.

b. Erosion has uncovered Precambrian rocks in the
bottom of the Grand Canyon.

D. Events of the Precambrian Eras.

1. Within the shields are found complex ralationships of
sedimentation, intensive deformation, igneous activity, and
widespread metamorphism,

2. North America is thought to have developed from
several nuclei of Precambrian rocks, with geosynclinal
activity about the edges.
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3. The era closed with great crustal upheavals and volcanism.
(Killarney - Grand Canyon Revolution)

4. There is a gap between the Precamhbrian and the Paleozoic
Eras called the Lipalian {lost) interval - zavidenced by an
unconformity.

Plant and animal life of the Precambrian Eras.

1. Very little is known because there are few fossils.

2. Algae, bacteria, and other primitive planis ware the first
inhabitants of the earth.

3. Invertebrate animals lived in Proterozoic waters.
4. Some fossils ha/e been found.

a. Australia - Soft bodied creatures {like jelly-fish
and segmented worms — (700 million yeers cld)

b. Ontario - Fossilized plants. (1.3 billion years old)
c. Africa - Algae concretions. (2.7 billion years old)

d. Some fossils have been found in Precambrian rocks
in the Grand Canyon.

e. Graphite has been found interbedded and presents a
good case for abundanti Precambrian life. (Wake
County, North Carolina)

IV. The Palevzeoic Era can be divided into periods because of repeated
submergence and emergence of the land.

A,

At the beginning of the Paleozoic era, the present mountain
areas in the United States contained geosynclines where marine
sediments were accumulating throughout most of the era.

1. Appalachian Geosyncline.

2, Quachita Geosyncline.

3. Cordilleran Geosyncline.

Between the geosynclines *“here was a large interior region
which at times during the era was partially submerged.

30,000 - 40,000 feet of rock accumulated in the Appalachian
Geosyncline during the era.

A gr + - of volcanic islands lay cutside the geosynclines and
supp. i+ 1 the bulk of the sediment to the geosynclines.

on R
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V. The Ceth. “5n Zeried is the earliest period for which sediments
can be tgund,
A. Eari‘est sediments are sandstones, shales, and limestones,
and c2n be found in about half of the 50 stetes, indicating
that Cambrian seas covered much of Noxth America.

B. The end 4f the Cambrian Pericd was marked by foiding and
faulting “n the Vermont region. (Green Mountiin disturbance)

C. Cambrian sediments contain meny fossils indicating marine
1ife,

1. Pan*ts in~lyded seaweed, algae.
2. Arimal life included Trilobites and Rrachiopods.

Trilobites were ancestors of the c¢reb. Size varied
from jess than one inch long to over '8 inches long.

b. Brachiopods were shell fish resembling a clam.

TYPICAL CAMBRIAN BRACHIOPOD AND
MOLLUSK
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¥I. The Urdovician Period.

A. There was no widespread tand emergence after the Cambrian
Pariod.

1. Sedimentation continued during the period in the
continental interiar.

2. Greatest invasion of the sea into North America occurred
during the Qrdovician Period.

3. The bulk o© Ordouvician sediments are [imestounes, but some
shales were dePosited. (Exanole: The shale underlying
Niagara Falls.)

4. The end of the Ordovician Period was marked by the
Taconic Disturbance, (Uplift ir New York-Massachusetts
area)

B. Plant and animal life of the period were marine.
1. The first vertebrate appeared during this pericd.

a. vertebrates are animais with backbones.

b. The first vertebrates were a group of fish called
ostracoderms.

TYPICAL LOWER DEYONIAN OSTRACODERM (ORDOVICIAN FRAGMENTS ONLY).
Ordovician genus is believed to have been similar in appearance.

. .28 -
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'2. Invertebraies still dominant (nautaloids, trilobites,
brachiopods, graptolites, coral, gastropods (snails}),
cephalopods (nautilus), and pelecypods (clams).

LAND-SEA RELATICNSHIPS - EARLY ORDGVICIAN TIME |

VII. The Silurian Peviod wis characterizad by renewed invasion of the
continental area by shallow seas.

A. Froded areas of Ordovician and Cambrian rocks show that they
did remain above water for a while after uplift.

1. Sediments include sandstone, shale, limestone, and
chemical precipitates (salt and gypsum).

2. Silurian rocks are exposed by streams today. (Example:
Niagara Falls owes its existance to a hard Silurian
dolomite caprock.)

B. Silurian life was predominantly iarine, bui the first Jand
life emerged.

1. Earliest land anim~1s - scorpions and millipedes.
2. Sea scorpions 8 to 9 feet lorg.
3. Coral, brachiopods, nautiloics, trilobites.

4. First land plants but fossil evidence is rare.
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SEA-LAND RELATIONSHIPS ~ EARLY SILURIAN TIME

YIII. Devoniin Period ("Age of Fishes").

A.

Lo pronounced orogenic movements occurred between Silurian
and Devonian,

The Appalachian geosyncline received sediments during the
entire period.

Cordilleran geosyncline was above water the first nalf of
the period, but in the latter half, submerged.

The Acadian Disturbance marked the end of the period.
{The New England area was strongly affected.)

The Devonian Period is referred to as the "Age of Fishes,"

1. Fish occupied a prominent part of the organic world.

2. Lungfish - could live when lakes or rivers in which
they lived dried up part of the year. {Not to be
consi?ered a direct evolutionary link from water to
land.

3. More direct link was the lobe-finned fishes.

291
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4, First simple amphibians were found during this period so
we might consider that the transition from water to iand
was beginning.

F. GQther life included: invertebrates,{urachicpods, sponges,
and corazls, etc.) wingless insects.

W

/ ggy
\\\\\\\\( e

ICHTHYOSTEGA {First Amphibian - Late Devonian, C]ose1y related to
Crossopterygians)

Mﬁ
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IX. The Carboniferous Period was characterized by coal deposits aad
is divided in the United States into two distinct periods.

A. The Mississippian Period was marked by another widespread
encroachment of marine waters on the continental land mass.

1. Much of the land was covered with swamps.

2. Limestone was deposited in the western part of the
continent,

3. Sandstone was predominant in the eastern part of the
continent.

B. War seas provided a variety of plant and animal life.
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T. Many fossils are fouad in the limestone of this period.

2. Crinoids and blastoids were conmon forms of animal life.

C. The Pennsylvanian Period and the Mississippian Period produc.d
atl the major coal fields of the earth,

1. Thick vegetation in swampy regions led to the formation
of the thick coal beds.

2. The swamp envivonment was ideal for plant 1ife. Large
ferns, scaie trees, seed ferns, and horsetails thrived.

3. Fossils of the periods are abundant.

a. Over B0O different types of insect fossils have been
found.

b. Included in the insect fossils are cockroaches
4 inches long and dragonflies with 2 foot wing-
spreads.

¢. Land snail fossils have also been found.

d. Amphibians had become more abundant.

€. The first simple reptiles are found in this
period.

T

. Marine sediments accumulated in the geosynclines.

wn

The first signs of ordgeny began to develop durirg the
Pennsylvanian Period.
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LATE MISSISSIPPIAN TIME LATE PENNSYLVANIAN TIME

X. The Permian Period marked the beginning of the Appalachian Orogeny
which was to end the Paleozoic Eva.

A. By the middle of the period, the Appalachian geosyncline was
almost entirely anove sea level and had ceased to exist by
the end of the period.

1. Low swampy lands of the Carboniferous had risen.
2. In place of the geosynclina was a belt of lofty mountains.

3. Few sediments from the Perman Period have been found,

B. The pronounced chanyw 1n envirenmenti brought extinction to
many species of life.

1 Evidence of aridity in the form of evaporites.

2. Evidence of glaciation in the form of tiliites. (Thought
not to have occurred in North America)

3. Seed plants replaced the swamp ve?etation. (Vegetation
suited to a conler, drier climate

4, Reptiles divided into twvo groups.
a. Root reptiles.
b. Marmal-like reptiles.

5. Trilobites becane extinct during the Permian Period.
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6. Insects developed.

7. Reptiles made the greatast advances during the Permian
Pericd.

XI. The Appalachkian Orogeny.

A. The Appalachian Orogeny reached its climax during late Permian
time and marked the end of the Paleozoic Era.

B. The Appalachian "Revolution" consumed about 2/3 of the 50
million years of the Permian Period and lasted into the
Mesozoic Era. (Triassic Periocd)

C. During the Appalachian Orcgeny, the crustal portions involved
were shortened some 500 miles,

1. In the central and southern Appalachian Mountains we find
extensive folds, faults, thrusts, and plutonic dikes
formed during the orogeny.

a. The chief effects of the orogeny were folding and
thrust faulting.

b. The forces responsible for folding were directed
toward the northwest as indicated by the folds and
thrust faults.

2. In New England the revolution started earlier and was
accompanied by igneous intrusive activity.

(8]

The present day Appalachians were formed by a number
of forces: (Severai periods of uplift and several
periods of erosion)

a. Original uplifted mountains were eroded to a
peneplain,

b. Upli¥t produced a series of fault basins. {Triassic)

c. Surface again peneplained. (Schooley Peneplain)

d. Peneplain uplifted, tilted seaward, and erosion
again is reducing the present Appalachians to a
peneplain.

4. The Appalachians consist of severa provinces, ail
geamorphologically different,

a. The Appalachian Mountains consist of numerous
paraliei and sub-parallel ridges and valleys
produced by erosion of anticlines, synclines,
and thrust faults.

.9




LESSON 30, Page 12

b. Appatachian Plateau {Cumberland and Ailegheny Platezus)
consists of flat or gently folded upper Paleczoic
sediments.

c. Blue Ridge Province consists of highly folded Cambrian
formations and Precambrian igneous and metamorphic rocks
that have been thrust faulted toward the adjacent

folded piovince,

d. Piedmont Province is similar in structure to the Blue
Ridge hut has been reduced to a lower level by erosion.
(NOTE: The Appalachian Ridge and Valley Province
and the Appalachian Plateau are referred to as the
Newer Appalachians while ihe Blue Ridge and Piedmont
are referred to as the Older Appalachians.)

Evolution of a mountain range: (A) The Appalachian geosyncline at
the end of the Paleozoic before wwuntain building started. {B) The
origiral Appatachiar Mountains at the end of the Paleozoic.

[a3NeYal



LESSCN 33, Intreducticn
HISTCRICAL GEOLOGY: THE MESQOZOIC AND CENOZOIC

Objectives:

1. To develop an overall concept of the events that occurred in the
United States from the beginning of the Mesozoic Era up to the
nresent,

2. 7o develop a concept of the evidence concerning the develogment
of 1ife from the end of the Paleozoic Era until the present.

References:

1. THE EARTH-SPACE SCIENCES, Chapter 21.
2. FOCUS ON EARTH SCIENCE, Chapter 20,
3. INVESTIGATING THE EARTH, Chapters 18, 12, and 20.

Special References:

Wolfe, et al. EARTH AND SPACE SCIENCE (D. C. Heath & Company, Atlanta),
Chapters 40, 41, and 42,

Durbar, et ai. HISTORICAL GEOLOGY (John Wiley & Sons, Inc., New York),
Chapters 14 - 20.

Actiyities:

1. Investigating Paleozoic rocks in Michigan
ESCP 20-5 Text 439
Teacher's Manual 550-552

2. Investigating the Ice Age puzzle
EScp 20-10 Text 448
Teacher’s Manual 559-560
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LESSON 31
HISTORICAL GSOLOGY: THE MESOZOIC AND CENOZOIC

I. The term "Mesozoic" refers to an era of "middle 1ife" during which
great reptiles flourished, tapered off, and many became extinct. .
The era is divided into three periods: Triassic, Jurassic, and
Cretaceous.

II. The Triassic Period saw the completion of the Appalacuian Orogeny
on tie Eastern North American continent.

A. Stream erosion became the dominant geologic process.

B. Sediments were deposited east of the present Atlantic coast
where they are now buried under younger sediments.

€. In late Triassic, a series of linear faults occurred. Within
these fault basins the only record of Triassic sedimentation
on the eastern part of North America is fouad:

1. These areas formed whan block faulting occurred as the
now-peneplain surface of the Appalachian Mountains was
uplifted.

2. These fault basins were Jocal in extent and apparently -
not intercornected.

3. Included within the sediments there are coal beds, lava
flows, and igneous intrusions,

4. Fossils are not too common, but fresh water fish and
some dinosaur fossils are found in places.

5. The Triassic Basins in North Carclina.

a. There are two Triassic Fault Basins of note in
North Carolina.

1} The Dan River Basin.
2) The Deep River Basin,

b. These troughs formed by the development of faults
on the east of the Deep River Basin and the west
side of the Dan River Basin.

¢c. Sedimerntation in these bacins gives a record of
some of the geolegic events.

1) Conglomerates, sanastones, shales, and silt-
stones were deposited in these basins, along
with some coal beds, basaltic flows, sills,
and dikes.

294
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2) Fossils were also formed.

a) Petrified wood is common.
b) Recent finds include dinosaur fragments
from the Deep River Basin.

D. The western geosyncline was stili an active depositional
site.

E. Period ended with further uplift in the eastern United
States,

Triozs;,c
basie.

LAND-SEA RELATIONSHIP - EARLY TRIASSIC

. R QN



LESSON 31, Page 3
F. Triassic plant and animal life offers a direct contrast teo
present life.
1, Fossil plant life of note includes petrified wood found
in the Triassic Fault Basins and the Petrified Forest
of Arizcna.

2. New plants not found previously include large conifers,
ginkgo trees {stili found today), and cycad palms.

3. Triassic animal life was carried nver somewhat from the
Paleozoic. {Notable exception: No trilobites}

3. The ancestors of the first birds made progress.
b. The first mammal appeared.
¢ Reptiles were the prominent life of the period.

1)  Ichthyosaurs.
?) Early dinosaurs.

III. The Jdurassiz Perigd is called the "Age of Dinosaurs".

A. The uplifted Appalachians were reduced to a peneplain sur-
face called the Schooley Perzplain.

B. West of the Great Plains in the western geosyncline, depo-
sition was taking place.

C. Some volcanic activity also occurred in the western part
of the continent indicating beginning of orogenic activity.

D. Marine life of the period included many invertebrates,
fishes, and "sea monster'-type dinosaurs (Ichthyosaurs and
Plesiosaurs).

E. The dominant type of land life was the dinosaur.
1. Development had begun in the Permian Period.
2. Dinosaurs reached @ high stage of development.
a. Sauropods: (Brontosaurus family - ":hunder lizard")

1) Apatosaurus - 65 feet long, small brain.

2) Diplodocus - 85 feet long, lighter weight.

3) Brachiosaurus - Heavy, 50 tons.

4) Sauropods were so heavy and bulky that they
probably spent most of their time in the swamps
or 'akes £o the water could support a portion
of their weight.

Q b Armored Dinosaurs included the Stegosaurus.
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Cretaceous

Jurassic

Order Order

. Ormifhischia Saurischia '
Birdlike pelvis Reptilelke pelvis

Triassic

F. The first bird appeared, called Archecpteryx. It had teetn,
wings, a tail with feathers, claws on the tips of its wings,
and laid eggs.

G. Flying reptiles were also common.

1. The Pterosaur had a 26-foot wing span.
2. Flying reptiles were not the relatives of the early birds.

IV. Cretaceous Perjod Life.

A. Plant and animal life continued to deveiop from the Jurassic
Period.

1. Two more forms of dinosaurs appeared.
a. Horned dinosaurs - Triceratops.
b. Duck-billed dinosaurs - Trachodon.
2. Tyrannosaurus - "terrible 1izard" developed and flourished.

(NOTE: Brontosaurus had become extinct by this time so
the two did nct 1ive durinn the same time.)
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2. Tyrsnnosaurus was about 20-25 feat tall and had a
brain about tho size of a hen egqy.

b. Beciame extirct dusing the lasi 1¢-15 million years
of the period.

Dinosaurs gradually began to become extinct.

a. The reason is not known,

b. Probubly occurced because of elimination of the
swaips, due te uplift, as a habitat for the
dinosaurs.

Birds and mammais increased in both sfie and number.

Marine live consisted of invertebrates, many sharks,

bony fish, and the great swirming reptiles. Mesosaur -

the greatest "sea serpent” of all times became extinct
by the end of the pericd because of the drain of shallow
s2as.

Tre first ¢nake developed.

Plant 1ife ncw included the 7irst flowering plants and
d:ciduous trees.

LAND-SEA RELATIONSHIP - LATE JIRASSIC

30
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8. Events of the Cretaceous Period.

1

' Tre word cretacecus means chalk. (The period is noted
for its cha.k deposits. “White C1iffs of Dover".)

2. At the beginning of the period, the Cordilleran Geosyn-
cline was receving sediments, the maiority of which
came from the west.

3. The Laramide Orogeny began. {Rocky Mountein Revolution)

PRE-LARAMIDE CONCITIONS - LATE CRETACEQUS

V  The Laramide Qrogeny

A. The Laramide Orogeny lasted fron late Cretaceous to the
Eocene Epocn of the Cenozoic Era.

B  Horfzontal forces uplifted and deformed Cretaceous and older
strata.

1 Folding and thrust fau't'ng resulting from compressional
movenerte

a.  lhe Rorkres of Co'orade and Jyoning are exawples of
the folding activit:

b The Lews Questhrust < one of the oest examples
of thrust fauifing Ta the world

7 The Idaho Rathol?th is the largest igueous body associ-
ated virth the uplsft.  (Covers 18,000 sguare miles. )

Q
ERIC
— 0.0
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3. Exposure of igneous bodies resulted from erosion through-
out later geologic time,

Ty

C. The uplift resuited in environmental and climatic changes
that brought about extinction to many species.

1. The "Age of Dinosaurs” ended with the extinciion of all
species of the "ruling" reptiles.

2. Some reptiles, many mammals, and birds survived into the
Cenozoir Era.

VI. The Cenczoic Era.
The Cenozoic Eia covers only 1-2% of geologic time, but the
record of events as recorded in the sedimentary rocks is quite
clear.

A. The size and shape of the continents was much the same as
that of today.

B. Very little submevgence occurred except in the Atlantic
and Gulf Coast regiens. (The present rocks of the Coastal
Plains ware being formed.)

C. The era can be subdivided into two periods:
1. Tertiary - time before glaciation.
2. Quaternary - time during and aiter glaciation,

VII. The geological history of the Tertiary Period.
A, In the A*lantic and Gu'f Coasta! Plain, deposits indicate

that the avea was submerged beneath shallow ma<ine waters,
2s ou- continental shelf today, during ea~ly Terti:vy times.

LAND-SEA RELATIONSHIPZ - EQCENE TINME

304
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B. A modern geasyncline lies beneath the northern part of the
Gulf of Mexice.
1. Has been slowly subsiding since the Appalachian Orogeny.
2. Has received much sediment. (approximately 50-60,000 feet)

C. The Pacific coast saw formatior of two mountain ranges and
subsidence of an intervening trough.

1. Coast Ranges.
2. Sierra-Cascades.

a. Sierra-Nevada Range is a gigantic fault block
(Pleistocene).

b. Cascade Range is built of volcanic peaks which came
into being during the Pliocene. (They also show
some evidence of Pleistocene activity.)

1) Mt. Shasta - hot springs exist sear sumit
today.

2) Lassen Peak - erupted in 1914-1917.

3) Crater Lake - collapsed in late Pleistocene.

3. The intervening trough includes the great valley of
California and the Puget-Willamette Valley.

D. The Cclumbia Lava Plateau was caused by extrusion of
basaltic lava from fissures (4-6,000 feet deep) occurring
from Miocene to very recent times.

E. Basin and Range Province - fault block mountain and basins.
1. Faultina during the Miccene (still active in places).
2. Sediments fill the basins.

F. Colorado Plateau - horizontal layers remain although they
are fauTted 1n ploces.

1. Depnsition occurred during Paleccene and Eocene.
(Not entire amount of sediment.)

2. Uplift occurred at the end of Eocene.
a. Bryce Canyon.
b. Zion Canyon.

c. Grand Canyon.

QN
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VIII.

3. Igneous rocks occur as stocks, laccoliths, and
basaltic lava fiows.

Erosion reduced the Rocky Mountains to a peneplain.

1. Uplifts occurred periodically during this peneplaina-
tion.

2. Final uplift began during the Miocene-Plisczne and is
still going on today.

a. Superposing cf streams.

b. The Gréen River has maintained its course through
the Unita Mountains cutting Flaming Gorge and
Ladore Canyon.

Sedimentation occurred in the Great Plains during the
Oligocene Epoch.

The Black Hills were eroded during the Cenczoic.
The Appalachian Mountains had again been reduced to a

peneplain by the beginning of the Cenozoic. (Scheoley
Peneplain)

1. Uplift of the peneplain caused the present-day
Appalachiin Mountains.

2. Uplift also created watergapns because of rejuvenation
of the streams.

Life of the Tertiary Period.

A.

B.

Mammals dominated the Tartiary Period life although
reptiles {not dinosaurs) were still abundant.

Many early Tertiary forms became extinct by the end of
the Eocene.

More modern forms appeared during the Oligocene and
Miocene.

By the Pliocene, mammals were modern in form although many
did not survive to the present time.

The borse developed in Eocene time beginning as 1 small
animal called Eohippus.

1. Eohippus had 4 toas and was about the size of a fox
terrier,

2. Oligocene saw the developmen: of Mesohippus.

304
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E-3
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Meryhippus developed in Miocene. (3 toes, only one
functional)

Pliohippus developed in Pliocene.

Egquus (the present form) developed in Pleistocene.
The horse evolved in North America. Equus became
extinct in North America before the end of the

Pleistocene but managed to migrate through Asia to
the old world where it survived to the present.

LAND-SEA RELATICNSHIPS SHOWING ASIAN LANDBRIDGE -
MIOCENE TIME

F. Rhinoceroses, namels, and elephants also have evolutionary
histories in North America.

1.

Rhinoceroses and camels originated in North America
and migrated to other parts of the world.

Elephants developed in Africa and migrated to Nortt
America and other areas during the Migcene,

Extinct animal family of North America - Titanotheres.
a. Brontotherium was a titanothere.

. Baluchitnerium was a member of the fimily. Largest
land marmal of all times.

1) Llength - about 25 fect,
2) Height - about 18 feet at the shoulders.
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c. Titanotheres were vemotely related to the
rhinoceros.

IX. Tertiary plants were ancentors of modern land plants, so plant
history is simply a continuation of the evolutionary trend
through tre Cenezoic toward the present.

X. The Quaternary Period - Flgistocene Epoch.

A. The chief distinctions of the Pleistocene Epoch are:

1. It embraced a number of marked climatic fluctuations
ranging from cool and moist to warm and dry.

2. The coming of modern man.
B. The glacial ages of North America.
1. 9f all the climatic events of the past that have been
deduced from geologic evidence, *h: Great Ice Age is
best known.

a. [ffects of the ice age are plainly seen.

b. Snow fields and glaciers still cover much of the
earth.

2. In North America, the glaciers had two main centers
of snow accumulation.

a. J.abrador and Quebec.
b. <Canadian Rockies.

3. Evidence shows that successive periods of glacial
advance were separated by ice-free (interglacial)
stages,

a. Successive sheets of glacial drift are found
piled one upon another.

b. Ice-free periods are indiczced by weathering,
soils, wind-blown material, and fossils of "warm-
weather” anirals.

c. The Pleistocene ice Ages have been subdivided
into four glacial and three interglacial
intervals.

1) There were minor advances and retreats during
these main stages.

304
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2) Time estimates for how long the ice age lasted

vary from 1 to 2 million years.
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C. Effects of the lce Ac2 on the land.

1. Areas covered by sontinenta’ glaniers are subjected to
glactial erosion effects and show features characteristic
of glzcia’ erosion,

a.

Depression of the crust by ice sheets due to
isnstasy.

Glaciers planed o7 the tops of mountains, roundi
them and rausing 2 gentle s'ope on the upstream
sige of vhe glacier and & steep slope on the lee-
ward side.

Beposits were 'eft by these centinental glaciers.

) Moraires mark the margins of the glacier and
show successive steps in the retreat.

2) TiV1 4s left where the glacier retreated.

3) Outwash plasns *armed as the glacier welted
and material was carried away and deposited
by the meltwater.

4) Druwlins and eskers formed.

5) E-~ratics fhuge rocks) were carried by the
glacier from thei< or ginal position and
deposited as the glacier melted.
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d. Advance and retreat of the glaciers account for
the formation of the Great Lakes.

1) As the ice sheets melted away, they left a large
number of glacial lakes formed in the uneven
terrain. ({Exampies: Present-day Grreat Lakes
left by last glacial advance.)

2) Other lakes were formed as the glaciers dammed
river drainage. (Examples: Lake Agassiz,
Lake Souris)

3) Other lakes appeared as a result of increased
rainfall in regions far removed from the
glacier. (Examples: Lake Bonneville, Lake
Lahontan)

e. Advance of glaciers also forced drainage pitterns
to shift,

1) River channels were forced southward as the
glacier advanced.

2) Farthest advance of the glaciers is marked by
the position of the Missouri and Ohio Rivers
which were pushed scuthward by the advance.

f. Niagara Falls developeu when the glacier rearranged
the drainage pattern of the Niagara River and
uncovered the escarpment about 10,000 years ago.

g. Alpine glaciation remained active in the Rockies,
the Cascades, the Sierra-Nevadas, and the Coast
Ranges after the retreat of the main ice sheet.

h. As the glaciers retreated, sea level went up
because of excess water. As the glacier advanced,
more water was tied up and the sea level went
down.,

1) It is estimated that sea level has risen about
350 feet since the last low stage about 40,000
years ago,

2) Present measurements show that sea level appears
to be rising throughout the world.

3) <Calculations suggest that if the present glaciers
were to melt, sea level would rise another 250
to 300 feet.

D. RNifferences i1 conditions on the earth affected all forms
of 1ife to sume degree and set the stage for the appearance
of modern man.

1. No radically new or different forms of life appeared in
the Pleistocene, tut there were notable evolutionary
changes involving the creation of new species.
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2. Reasons for the changes saclude migration, mixing, and
isolation of species.

a. Advance of the g acfers forzed the 1ife of warm
climates south and 2 lowed tha cold weather animals
to mig-ate into areas where they previously had not
beer. able t0 surtvive, (Examples: Mastodon,
mermoth, snd musk ox - cold weatner allowed them to
come south)

b. Some species could not survive and became extinct.

1Y Camels criginated in North America, but the
ancestorss exist only in South America (17amas),
Asia, and Africa (cameis).

2} Horses and zeb=3s originated in North America
byt migrated ta nther areas.

3) Other giant mamrals became extinct. (Not
thought to be directly attributed to the ice
age, but :ather to the coming of man.)

XI. Theory of Man’s Davelopment.
A. In 1858, Chacles Darwin shocked the scientific world as

11 as the wor1d of the Tayran with bis paper On the
Origin uf Species.

B. In 1863, Thomas H. Huxiey pubiished a book, Man's Place
in Nature, which first addresced itself in an orderTy way
to the problem of mai's developmant.

C. The Descent of Man by Derwin in 1877 was the crowning blow
.0 the dignify of the peop’e of the t7me.

1. Unfortynate’y mest people jurped to the conzlusion
that both Da'win 2nd Huxlaey caid that man was descended
directly < om the 7' nyg 3pes

2. Th*s misconcap®ion hss he'd back acceptance of evolu-
tionary theories

D. According tz furdament:l 2.27utionacy theory, the evolu-
tion of mzn begzn a: 4.d that of 271 1ife, from a common
sourre.

1. Th a3h sele:tiyve adaphation different species were
evolved

2. Divevgence, convergence, parale’ descent, and
adaptstion to rhange in environmert are impertant
in the de.e oprent ot ray forms.
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E. Althnugh man and apes have a common 'ine of ancestors, the
two species finally split and evolved along different lines.

1. Darwin thought that there was fossil evidence that wouid
undoubtedly connect the two.

2. This missing 1ink may never be found for the relationship
is "cousin to cousin”, not "grandparant to grandchild”.

F. Ancestors of mar are gdetermined and classified according to
bone structure similarities,

1. Man can be classified as a vertebrate, a mammal, and a

primate.

a. Primates incl : lemurs, tarsiers, monkeys, apes,
and m3n,

b. Primates possess rather Targe brains, 5 fingers
and 5 tces, fingers and toes with nails, prehensile
hands and feet, a flexible arm, a thumb that can be
retated to oppose the other fingers, an eye socket
protected by bore, and 3 total of 32 or 34 teeth.

1} Subarder Anthropoidea (monkeys, apes, and man).
2) Superfamily Homiroidea (apes and man).

3) Family Homin‘dze.

4} Generic nzme - Homo szpiens

Tnen” Ywige

Z. Steps essentis’ to production of man are due to genetic
changes to gain advantage over the previous form.

a. The furdamental step was the acquisition of an
upight posture.

b. Development of hands and feet to equa! importance
in c¢limbing and a~asping.

") P-ehensile hand.
2) flexible arm,

c. Stereoscopic, sharp-focusing eyes with coler
discomingtion

d. Descent from trees.

1, Possibly because he was fo-ced out by agressive,

tree-' yirg (ontemporavies.
2} May have been due to increase in weight,
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e. Development of omnivorous diet thought to be essen-
tial to survival of man,

f. Evolution of the brain.

1) Caused a change in skull shape because of
enlargement of the brain.
2) Thought to have been a reasonably fast process.

g. GChanges in food brought about changes in jaw shape,
teeth, cheek bones, and brow ridges.

1) Use of tools required less chewing strength.
2) Use of fire for cooking meats.

h. Social and cultural changes essential to survival,

1) Development of speech. (Also caused develop-
ment of chin.)

2) Ability of groups to cooperate has great sur-
vival value.

3) Parental care of young favoied survival.

H. If the principle of organic evolution is valid, man's
ancestors date back to first life on earth.
(See diagram on following page.)

1. Significant evidence for progressive evolution in
primates is that members of the primate order appear
in the order of their zoological rankings.

a. Paleocene - first known primate (Plesiolestes

problematicus).

b. 0igocene - monkeys and primitive apes appeared.

1) Monkeys have developed into two groups with
different characteristics.

al New world monkeys (South America) are
more primitive. They have prehensile
tails and wide set nostrils. (Exauple:
Spider monkey)

b) 01d wor1d monkeys (Africa) are more
advanced. They lack the prehensile tails
and have nostrils set close together.
(Example: Ape, chimpanzee)

2} Man belongs to the old world side of the split.

c. Miocene - Plicpithecus (ancestor of the gibbon)
Dryopithecus
Q Proconsul {ancestor of chimpanzee and perhaps

EMC the ape).
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Present Birds Man (Tertiary)
Archeopteryx (Jurvasic) Primates
Birds ™~ f/’
Marmals

Ruling reptiles

. Lizards, Snakes
Mammal-1ike Reptiles

Turtles ish reptiles

AN
\\\ Salamanders  Frogs  Toads

Stem Reptile \\\ ////;1’ (Cenozoic)

>- Lepidospondyles (Mesozoic)
Labyrixthodont {Permian)
Amphifians {Carboniferous)

Lobe Fins Ray Fins
{(Devonian)

Bony Fish
A

I DT
Placoderms (Silurian)

Ostrachouerms
{Crdovician)
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2. Man-iike fossils are not found in North America as it
is thought that primates returned to North America in
very recent time, but good fossils are found in Europe,
Asia, and Africa

a. Miocene - Ramapithecus {found in India). Thought to
be the oldest of man's known ancestors in a direct
line.

1) Related to the Proconsul (cousin).
2) About 14 m-1lipn years old.

b. A 9,000,000 year gap separated Ramapithecus from
Australopithecus, the first certain humancid.

1) Modern man is a product of the ice ages.
2) Climatic changes affected man and caused adjust-
ments and changes.

a) Advance and retreat of the ice sheets.

b) Temperature, sea level, animal life, rivers,
and lakes even far from the ice sheets were
affercted.

¢) Ice Age stages are used for relative dating.

3) Ea<ly man learned to use a variety of tools and
the advance of tools is also used for relative
time sequences.

a) Stone Age - 0'd Stone Age
T Middle Stone Age

New Stone Age

b) Age of Metals :

¢- Australopithecus fthe term means "scuthern ape")
from the early Pleistocene Age was discovered in
Africa in 1925.

1) Stone tools have been found associated.

2) Small size: weight 60 to 30 pounds.

3) Definitely bipedal. )

4} Small brain, sloping trow, heavy receding lower
jaw, orejecting teeth.

5) Zinjanthropus was a very close relative. Found
by Mrs. L. S. B. Leakey in 0lduvai Gorge,
Tanganyika, and dated as 1,750,000 years oild by
the potas<ium-argon method.

D Paranth-opus - A contermpnrary of Australopithecus, ‘epresents

an evolutionary dead end
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E. Pithecanthropus - (71so referred to as Java Man, Peking Man,
Sinanthropus, and gererically Homo erectus) lived during early
Pleistocene, but apparently later than Australopithecus.

1. Broad skull with rounded back, a low brain case, and flat
forehead.

2. Eyebrows were heavy and protruding.
3. Upper jaw large and protruded forward.
4. Lower jaw heavy and lacks a chin.
F. Further steps toward modern man include Solo Man {who became
extinct) and Rhodesian Man. (These are intermediate between

Pithecanthropus &nd later forms.)

G. Neanderthal Man (homo sapiens neanderthalensis).

1. True evolutionary position not wnown, but Neanderthal
was not an ancestor of modern man.

2. Native of Europe in the third interglacial interval.

3 Neanderthal was 3 hunter who used well-formed tipped
spears to kill cave bears and hairy mammoths.

4. Used fire and buricd his dead.

5. Neanderthal had a squat body, barrel chest, bowed legs,
and flat feet.

6. Long, low skull, big jutting brow ridges, flat nose, a
protruding muzzle-1ike mouth and a retreating chin are
the facial characteristics of Neanderthal.

7. Brain was larger than that of moiern men.

H. Cro-Magnon Man - (homo sapien sapien).

1. Dates to waniig stages of last glacial advance (37,000 -
10,000 years ago}.

2. Remzins of early Cro-Magnon found contemporary with
Neanderthal.

3. A complete Yine of ancestors cannot be traced. There
is a "missing 1ink" (actually more than one} but more
evidence is fc.d as time passes.

4 Similar in appearance to modern man, only culture
separates the Cro-Magnon from modern man.
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6.

Cro-Magnon was an expert at shaping store tools and
also used bones and antlers to make awls, saws, needles,
and weapons.

Cro-Magnen used fire and wore clathing.

XII. Man in the rew world.

A. Developmant of primates did not occur in Nortk America and
apparently only to the monkey stage (New Woirl1 Monkeys) in
South America.

B. Modern Man migrated from Asia in the late Pleistccene via
the Bering Straits area lard bridge.

1.

These early migrants may not have been ancestors of the
Indians.

Created a characteristic type of projectile point called
the Folsom point.

Two invasions of man into North America.
a. 30,000 years ago.
b. 12,000 years ago.
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LESSON 32, Introduction

NORTH CAROLINA GEOLOGIC HISTORY

Objective:

To develop a comprehensive picture of the development of North Carolina

from Precambrian to the present.

Special References:

Stuckey, J. L. NORTH CAROLINA: ITS GEQLOGY AND MINERAL RESOURCES,
(Department of Conservation and Development, Raleigh).

Stuckey, J. L. and Steel, W. 6. GEOLOGY AND MINERAL RESOURCES OF
NORTH CAROLINA, (Department of Conservation ard Cevelopmant,
Raleigh).

Stuckey, J. L. and Conrad, S. G. GECLOGIC MAP OF NCRTH CAROLINA,
(Department of Conservation and Development, Raleigh}.
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LESSON 32
NORTH CAROLINA GEOLOG1G HISTORY

[. History.

A. Precambrian,

1. During early Precambrian a serjes of cediments were
deposited and metamorphosed by intruding igneous rocks
and lava flows.

2. During late Precambrian more volcanic activity took
place ir a developing geosyncline. These sediments
have been metamorphosed and are exposed today in three
distinct groups.

a. Slightly metamorphosed sedimentary rocks including
schists, phyllites, slates, quartzites, and marbles,

b. Highiy metamorphosed gneisces and schists.

c. Highly metamorphosed igneous rocks varying from
granite to peridotite.

Distribution of Precambrian Rocks ““\\j%J--/V
on Present Day North Carolina Surface \\\<Cr \{’
o,

B. Cambrian was a period of continuing deposition in the devel-
oping geosyncline. The rock foimations which are generally
accepted as Cambrian occur in the Great Smokies and the
Grandfather Mountain area and consist of conglomerates,
sandstones, shale, and limestones.
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C. Ordovician time saw the beginnings of instability in the
developing geosyncline with the formation of a number of
volcanoes. They formed a series of volcanic sediments
{sedimentary rock constructed from the debris of eruption)
principally shales interlayered with tuffs, breccias, and
lava flods. These rocks occur in a belt varying from 15
to 60 miles wide across the piedinont of North Carolina.

Interbedded Volcanics and
Sedimentaries of the Slate Belt

1. The volcanic activity was, at least partially, responsi-

ble for metamorphism of the Cambrian and Precambrian
rock.
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2. Continued igneous activity resulted in intrusicns of
quartz, monzonite, and granites.

3. Hot solutions emplaced pegmatite bodies in the Mitchell,
Avery, and Yancey County areas.

4, Taconic Revolution - represented the beginning of rioun-
tain building in the Appalachian geosyncline. It is
pcssible that the metamorphic rocks in the northwestern
piedment were changed to some degree as a result of the
activity further north,

N. Silurian was primarily a period of erosion; however, there
were some granite intrusions at various times.

E. Deveonian - the beginning of Devonian saw a continuance of
the erosion of Silurian time; however, as time progressed
igneous activity increased,

1. Granite and quartz monzonites were intruded in the
western piedmont.

2. In the slate belt (Ordovician) shales were metamcrphosed
and converted to slates.

F. Carboniferous (Mississippian, Pennsylvanian} was a prolonged
period of ercsion with increased igneous activity. The
igneous intrusions were principailly granites and digrites,

Carboniferous Age Igneous Rocks o
Exposed at the Surface in North Carolina oy
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G. Permian - Appalachian Revolutiou.

The Appalachian revolution raised the geosyncline and created
the Appalachian Mountains. Folding and faulting was extensive
te the north and west of North Carolina, reaching a clirax in
Virginia, Tennessee, and Kentucky where tremendous folds
occurred (today's ridge and valley province).

1. In Horth Carolina there was extensive faultine and uplift
altong with major thrusts from the southeast tu the north-
west,

a. ke hot springs window is framed by rocks of the ocoee
series in at least four thrust faults and occurs in
the western part of Madison County.

b. The Grandfatner Mountiin window was fonred when
Paleozoic rocks were thrust at least 30 miles north-
westward over Precambrian and Cambrian rocks.

¢. The thrust faults and fold structure indicate that
dzforming forces came from the direction of the
Piednont and folded Lp the sediments of Tennessee
and Kentucky against the rocks of the interior.

Hot Springs Thrusts iqu~fy_,?¢

.T..___,_..T

_-—-;-_-_—:\—;l"— ~. "
Smoky Mountains R :“T”‘T°T NS . <§§
I R R R S
T ¥ '
N i ’L,\ i r"'_‘: N F
v o s
N P

Grandfather Mountain Thrust Unit

H. TJriassic was a prulonged period of destruction as tine forces
of weathering and erosion worked to level the newly raised
Appalachisns.

1. During late Triassic faults occurred all along the
Piednont from New Jersey to Georgia. In North Carolina
the faulting created twe structural basins,

DI
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a. The Deep River or Durhiam basin extends through the
sgutheastern piedmont with the Jonesbero fault running
along its eastern edge.

L. The Dan River Basin extends into North Carolina in
Stokes County, but its major portion occurs in
Virginia. The Dan River fault runs along its western
edge.

c. Both basins were filled with sandstones, mudstones,
and conglomerates. The deposits were made under condi-
tions varying from alluvial fan deposits to swampy
conditions resulting in coal beds which occur in the
southern portion of the Deep River Basin. Fossils
have been recovered Trom basins along the Atlantic
Coast indicating that a tropical environmant existed
in which the early dinosaurs flourished.
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Permian time - Pre Applechion revolution

I. Jurassic - Weathering and ergsion of the mountains in the
area of today's Blue Ridge and Piedmont continued with sedi-
ments being transported to the present coastal plain. By
the close of Jurassic time some 1300 feet of sedinent had
been deposited in the Cape Hatteras area. The erosion had
reduced the surface of the mountains and piedmont to a
peneplain surface, At the close of the Jurassic Period,
the mountains and piedmont were elevated arr the coastal
plain depressed, vesulting 3n a rerewal of evosion in the
western portions and flooding of the eastern portions. The
coasttine was at teast es far west as Candor in Montgowery
Covnty
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J. Cretaceous - during Cretaceous erosion of the uplifted
western p.rtion continued, and deposits on today's coastal
plain built up.

K. Paleogene - {Paleogene, Eocene, Oligocene) was again a
period of erosion in the west and deposition in the east.
The sediments built up to a considerable depth, but the
present coastal plain remained submerged.

L. Neogene {Miocene, Pliccene, Pleistocene, Recent),

1. Miocene - deposition cantinued on the coastal plain.
A closed basin developed in Beaufort County, resulting
in phosphate depositicn. In the west the mountains
had been eroded to a second peneplain surface {(the
Schooley Peneplain) and a second uplift occurred which
re-established erosion.

2. Pliocene - Pleistocene - Recent.

Erosi~n of the newly uplifted Schooley Peneplain has
dissected the surface formina the present Jand sur-
face. Continental glaciation evidently did not reacn
into North Carolina, but the climatic effects were
felt as evidenced by the types of flora present today
along the crest of the Siiokies and Blue Ridge. The
coastal plain rose slightly exposing the piain and
moving the shoreline to the present location.
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I. Topcgraphy.
In North Carolina the land can be divided into three segments:
A. The Coastal Plain,
1. Western boundary is marked by the fall line.
2. At one time the plain was elevated considerably resulting

in rivers cutting rather deep valleys. Features today
indicate some emergence - barrier bars and closed lagoons.

B. The Piedmont.
1. Dissected peneplain surface dotted with monadnocks.
2. Gererally dendritic drainage.

3. MWestern border is the Blue Ridge escarpment thougnt
by some to be caused by erosion.

C. Tfhe Mguntains.

The Rlue Ridge varies from a tangled mass of mountains in
the south to a series of rolling hills in the north. The
tops of the mountains represent the old Schooley Peneplain
surface with the exception of a few monadnocks {Mt.
Mitchell, Grandfather Mountain, and the Unaka Range).
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