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TOPIC IX - THE EROSIONAL PROCESS
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Challenging (1)

IX-A-1a: SOIL FORMATION

QUESTION:

What is some evidence that earth materials weather?

VATERIALS: N 001 ST I R0t RN

Two soil samples, one top soil the other subsoil. If possible, both should be derived from ig-
neous reck. (This usually can be picked up easily in any gravel bank within a 50 mile radius
of the Adirondacks and in isolated areas in the rest of the state.) Other necessary materials
are: a magnifier, teasing needle, coarse-grained granite, crushed granite (10 m1.), small cor-
tainers. If available, stereo microscopes work very nicely for viewing the soil samples.

SUGGESTED APPROACH:

1. Give students the materials listed above, and ask them to follow the instructions listed
in the student section of this investigation.

2. You may wish to put a 1ist on the chalkboard of the similarities and differences found by

the students. This listing often forms the basis for a 1ively postlaboratory discussion.
PRECAUTIONS:

1. Some of the materials used in this investigation may be discolored due to oxidation. Most
students, however, will be able to distinguish between the fragments of quartz and the
dark colored ferromagnesium minerals such as mica and hornblende.

2. Washing the samples to enable observation of the larger particles is a good idea, but will
increase the laboratory time beyond the noymal period.

TYPICAL RESULTS:

1. The students should be able to genaralize the relationship between depth of soil and
effects of weathering on the parent rock.

MODIFICATIONS:

Use any residual soil and its parent rock. The problem here is that New York State contains
very 1ittle residual soil. Students should be made aware that New York's soil is predominant-
1y transported.

REFERENCES:
Investigating the Ear.t, pp. 274-275, Teacher's Gu'de, pp. 334.
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IX-A-1a: SOIL FORMATION

QUESTION:

What is some evidence that earth materials weather? .

INTRODUCTION:

The weathering of granite results {in-a fufbar of byproducts such-as — == ==

smail chunks of quartz and mica, colloids, and ions. The common min-
erals of granite weather at different rates in the same environment.
Those that weather most slowly remain as fragments; those that weather
more rapidly form colloids and ions and are eventually transported
away by infiltrating ground water and surface running water. In this
particular ianvestigation, you will study the products of granite that
accumuiate when weathering occurs.

OBJECTIVES:

When you have finished this investigation,you should be able to ex~
plain the relationship between soil, weathered rock, and the parent
rock.

METHOD:

1. Examine the granite and soil samples given to you in whatever de-
tail you wish., One of the questions you may wish to ask is: "What
happens when you place a small quantity of each material in a
separat? test tube of water, shake the test tube, and let it
settle?" -

2. As you progress through your examination of the various samples,
make a list of the similarities and differences between them.

QUESTIONS:

(A-1.12) 1. How are the granite and the two soil samples similar to
each other and how are they different?

&2:}‘;33 2. Can you identify any. of the minerals that are present in
’ the granite as well as in the soil samples? What are
they? What are the properties which allowed you to
identify them? '

(A-1.31) 3. What arrangement can you make of the materials as they
- would be found from the surface of the ground downward?

ERIC
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Basy (1)

IX-A-1b: REACTION RATE AND PARTICLE SIZE

QUESTION:
What 1s some evic-+-o that earth materials weather?

MATERIALS: L i TP

Four different size quantities of marble chips, dilute hydrochloric acid, balances, 250 ml,
beakers, timer, lab aprons, graduated cylinders, safety glasses, sieve kit.

SUGGESTED APPROACH:

1. Preparation of daterials:

a) Marble chips may be obtained at very reasonable cost from Tocal nurseries. Approx-
imately 5 gm. will be needed for each student group.

PRECAUTIONS :
1. The students should wear the lab aprons and safety glasses at all times during this
investigation,

2. Particles larger than § mm. may take more than one class period to dissolve.
3. Du not substitute test tubes for Leakers.

4. The teacher may want ti experiment to find the best acid concentration to complete the
reaction in the time desired. A 1 to 3 ratio bv volume may be satisfactory.

MODIFICATIONS:
Use Alka Salitzer if rock material isn't available,
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IX-A-1b: REACTION RATE AND PARTICLE SIZE

QUESTION:

What is some evidence that earth materials weather?

INTRODUCTION:

In this exercise,you are going to investigate the relationship between
the part¥c1e size of a particular rock and the rate of reaction of an
acid on it.

OBJECTIVES:

When you have finished this investigation,you should be able to:

1. state the relationship between reaction rate and particle size.

2. relate reaction rate versus particle size to weathering in the
natural environment.

METHOD:

1. Crush the marble chips until the largest particles are less than
1/2 cm. in diameter,

2. With a sieve kit or homemade wire screens, separate the rock into
four different size fractions., The fractions should range from
about 4 to 5 mm. down ©o a coarse dust.

3. Mass 5 gram portions of each of the four sized fractions of rock.

4. Place 100 milliliters of the dilute hydrochloric acid in each of
the four 250 milliliter beakers.

5., Add the rock to the acid (GENTLY) and measure the time needed for
the rock to be completely dissolved {when no more bubbles are
given off). '

6. Prepare a graph of your observations (particle size versus length
of reaction time).

QUESTIONS:
(A-1.21) 1. What interpretation can be drawn from your graphs?

(A-1.21) 2. what controls in this {nvestigation allow you to interpret
the relationship between particle size and reaction rate?

T
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IX-A-1b

What experimental errors might be present in this inves-
tigation that were not taken into account?

How §s this investigation related to naturally occurring
geological processes?
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Challenging (&)

IX-A-1c: ROCK ABRASION

QUESTION:

What is some evidence that earth materials weather?

MATERIALS:

Bottle or covered cans, balance, soaked rock, (soft limestone or shale), screen, clock,
graph paper, large bottle (for rock debris).

SUGGESTED APPROACH:

1. Angular, freshly broken chips of limestone or shale, soft enough to abrade, provide
thg begi mater¥al for this investigation. The chips should be soaked at least one
hour prior to the period they are to be used. This -soaking enables the material to
absorb water and reduce experimental error.

2. Discuss the factors that might affect the rate at which rocks wear.

3. A brief discussion of how one might go about studying the specific factor of time
should be undertaken. This discussion should include controls, experimental error,
suggested time intervals, measurement, and graphing of the data,

4. After each group has completed their shaking time, have them dispose of the water
in a common container.

5. Following completion of the investigation, a chart of all the student data should be
made so that the students can prepare graphs on the complete set of data.
PRECAUTIONS:
1. Presoaking is essential to accurate student measurements.
2. Chips should not be used more than once, since the rounded fragments do not ercde
as easily and the results in the succeeding investigation will be quite poor and
difficult to interpret.

3. The ra:e and manner of shaking of the different groups should be as similar as
possible.

4. 1In order to get standardized results, it will be necessary to erpress the abvasfon as
a percent of weight lost rather than an amount.

TYPICAL RESULTS:

If the procedures are standardized, the results of the students should be quite similar.
The data, although scattered, should {1lustrate an increase in the mass lost per unit time.
A leveling off of the weathering rate may become evident if the times become extended. This
1$ve};$g 1s]due to the particles becoming sufficiently rounded to reduce the rate of weathering
significantly.

MODIFICATIONS:

1. U:e other variables such as different types of rocks, rhythms for shaking, or amounts
of water.

REFERENCES
Investigating the Earth, pp. 17-19, Teacher's Guide, pp. 42-44
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IX-A-1c: ROCK ABRASION

QUESTION:

Wha: 1s some evidence that earth materials weather?

INTRODUCTION:

The materials of the earth are undergoing continual change, both
chemical and physical, As the result of these changes, the materials can
be changed in size, shape, and composition. This investigation is concern-
ed with the physical changes tha* rocks undergo as they are carred in 2
stream as a result of contact with the streambed, as well as other mate-
rials in the stream.

OBJECTIVES:
When you finish this {inyestigation,you should be able to:

1. state the relationship between time and the effect of mechanical
abrasion on rock fragments.

METHOD:

1. Take two spconfuls of soaked rock. Using the balance, determine
the mass and record it. Place the rock in the jar provided, add
500 m1. of water and shake the jar for the assigned number of
minutes with the motfon agreed upon by the class.

2. Pour the liquid contents of the jar through a screen into another
bottle. Place the material which did not pass through the screen
on a paper towel.

3. ?ﬁterm1ne the mass of the materials on the paper towel and record

4. Compare the materials on your paper towel with those of groups
having1gifferent shaking times and describe any differences which
are evident.

5. Stir the contents of your discard bottle and measure out 100 ml.
Mass a piece of wet filter paper, record tie mass, and place it
in a funnel. Pour the 100 m1. of discard 1iquid through the
filter gaper and record the mass. Calculate the mass of suspended
materials per 100 m1. of waste water.

6. Place 25 ml. of the filtrate from Step 5 in a massed evaporating

dish and evaporate to dryness. Mass the dish and its contents
and calculate the mass of dissolved material per 100 ml of water.




1X-A=-1¢c

7. Determine the percent of change in mass for the particular time
you shook the contents of the container. Place your data with
that of the other groups on the summary data chart provided on
the board.

initial mass - final mass
Tnitial mass X 100

percent change =

8. Using the data collected by the entire class, draw a graph
consisting of shaking time versus percent of mass lost.
QUESTIONS:

(A-1.11) 1. Why were the rock fragments presoaked before you used
them? -

(A-1.21) 2. What generalization can you make after comparing the
observations of your remaining rock chigs with those
of the other groups who had different shaking times?

(A-1.21) 3. uWhat interpretation can you give of your graph of the
data compiled by the class?

(A-1.21) 4. Hew can you account for the leveling off of the curve
as it approaches thelonger shaking periods?

5. How many grams of rock per 100 ml. went into suspension?
into solution?

(A-1.11) 6. What comparisons can you draw between this investigation
and the natural environment?

11
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IX=B-~la: NATURE OF SAND

QUESTICN:

what evidence suggests that rock materials are transported?

MATERIALS:
Sand from a local beach, stream bed, and sand pit; sandstone (different varieties), crushed

granite, dropping bottles of diluted hydrochloric acid, test tubes, magnets, balance, small
cans, magnifiers (10X), optional: Stereo microscopes.

SUGGESTED APPROACH:

1. This investigation is quite open in nature. The student should be allowed to investigate
a wide number of properties of the sand.

PRECAUTIONS :

1. Label the specimens of sandstone. The sandstone will become spotted with acid: so have
different specimens for each class.




IX-B-Ta: NATURE OF SAND

QUESTION:

What evidence suggests that rock materials are transported?

INTRODUCTION:

Sand is the result of many earth processes. In this {nvestigation, you
will make a large number of observations concerning the "nature of
sand" and gain an insight into its source area, transportation media,
and area of depositior.

OBJECTIVES:

When you have finished this investigation,you should be able to:

1. detect differences in sand samples.

2. make inferences as to the origin of sand, and weathering agents
responsible for its condition.

METHOD:

1. Examine the sands available. Use both the unaided eye and your
magnifier. Note the size and shape of grains, their color and
transnarency.

2. Using any of the materials provided, determine the properties
»f the dominant material in the sand. Record the properties of
ny other materials that you think are present. NOTE: Diamonds
and gold are found in sands in some parts of the world,

3. Fill two small cans of equal size with different sands. Compare
their mass. Examine the samples with the magnifier and test them
with a magnet. Record your observaticns.

4. Take the crushed fragments provided and examine the particles.
Compare these to the samples of sand. Record your observations.

5. Place some of the crushed particles in a test tube half filled
with water, shake them and allow them to settle. Record any soit-
ing that might take ptlace.

6. Examine the sgecimens of the various kinds of sandstone. Try to
rub some of the grains off. Note what happens with each specimen.

7. Put a drop of hydrochloric acid on each sandstone specimen and
record what happens.




QUESTIONS:

(B-1.21

(B-1.21

(B-1.21

(A-1.22

A-1.12
A-1.22

) 1.
) 2.

)30

4,

) 5.

7.

IX-B~la

In what ways were the sands that you observed different
from each other?

In what ways were the sands that you observed similar to
each other?

What characteristics did the dominant material in the
sand have? Did you observe any other materials with dif-
ferring characteristics in the sand? If so what were
their characteristics? What characteristics do all the
materials in the sand have in cornmon?

What were the similarities and differaences you observed
in the 1ight and dark-colored sands?

What were the similarities and differences you observed
between the crushed particles of rock and the particles
of sand you observed? Based on the similarities of the
crushed material and the sand,what possible relationship
between the two could be drawn?

What inferences would you l.ke to make about where the
sand originated? How was it transported? How was it
deposited? If given more time and the necessary equip-
ment,do you think you could investigate these materials
Tonger and come up with additional observations? What
would you do?

what observations did you make when you compared the
various kinds of sandstone in regards to their:

a) ability to rub off grains
b) reaction to acid

c) color changes after application of the acid

xR Vpk e v B oEe e e
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Easy (2)

IX-B-2a: STREAM FLOW

QUESTION:

How does the transportation of rock materials take place?

MATERIALS:

Trough (3' to 6' in length), thin-walled hose with adjustable clamps, support for trough buckets
for dispensing and collecting water, stop watch, coarse sand, protracter, fine silt, small
bits of paper folded 1ike butterfly wings.

SUGGESTED APPROACH:

1. The apparatus should be set up as indicated in student directions.

2. When investigating the effects of slope, the volume must be kept constant. When the
effect af a change in volume is investigated, the slope must be kept constant.

3. When investigating variations due to grain size, slope and volume must remain constant.
4. Follow the investigation with Field Experience #3 ("Stream") so that the investigation
may continue,
PRECAUTIONS:

1. Emphasis should be made that the investigation concerns a MODEL of an actual stream, and,
as such, it does not represent the conditions in a stream exactly.

2. Do not overemphasize the importance of slope since most rivers have a very low slope.
Rivers in general probabiy vary more in volume than in siope. The same river may vary
in volume a rumber of times during the year.

3. The water should be run into the trough and not on the gravel to best approximate the
conditions of an actual stream.

TYPICAL RESULTS:

Quantitative results will not be too accurate, However, the students shouid be able to see
the direct relationship between rate of erosion and the slope and volume of a stream,

MODIFICATIONS:

1. MATERIALS: Large,roundsstraight-sided glass jars (preferably battery jars); smailer round
straight-sided glass jars that nest inside the larger ones, clean sand and gravel, dowel
sticks or other thin sticks for stirring, heavy white or black paper, graph paper.

-




IX-B-22
SUGGESTED APPROACH:

a) Set up apparatus as shown in the diagram below:

Mixture of clean sand, small
pebbles, and water

b} Line the inner jar with white or black paper and weigh {t down with a heavy object so
that it will not move easily.

c) Center the inner jar and place some clean sand and small pebbles in the space between
the inner and the outer jar, Then add water to the sand and pebbles to within one
inch of the top of the shortest Jjar.

d) Demonstrate to the students how a stirring stick may be moved around and around in the
water to produce a steady flow of water in the space between the jars, causing the sand
and pebbles to move. Point out that this is really, in a sense, a "circular creek.”

e) Let the students determine the relation of the diameter of the particles moved to the
velocity of the water, and then graph their findings. Students may be allowed to work
out their own procedures. Bits of paper towel in the water can aid in determining
its velocity. -

2, To form a large circular creek, cut or saw through the middle of the tread of a badly worn

automobile tire to form two halves. Apply white paint to the inside of one of the halves.
Partially fi11 it with sand, pebbles,and water.

REFERENCES:
Investigating the Earth, pp. 279-282, Teacher's Guide, pp. 339-340, 4
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[X-B-2a: STREAM FLOW

QUESTION:

How does the transportation of rock materials take place?

INTRODUCTION:

Streams and rivers vary in their ability to erode earth materiatls.

Two factors that are most vital are the stream's slope and volume. In
this exercise you will be investigating the relationship of these two
quantities to the ability of a stream to erocde the land.

OBJECTIVES:

When you have finished this investigation you should be able te:
1. graph and state the relationship between the variables of slope

~ and volume of stream flow to: the rate of erosion and the particle
size capable of being transported.

METHOD:

1. Ptace the trough on your desk so that the end overhangs about 6
inches. Lift the other end up and support it with books at about
a 15 degree angle. Position a bucket full of water so that you
can siphon water by means of 2 hoses into the upper part of the
trecugh. Place another bucket on the floor to catch the water after
it leaves the trough.

2. .sing one siphon, with the clamp opened no more than half way,
determine the water velocity (by placing small bits of folded paper
in the water and measuring the time for them to go a measured dis-
tance down the trough) at two different slopes between 15 degrees
and 0 degrees. Record your observations and graph the results.

3. Now position the trough at about 10 degrees slope. This time
measure the velccity with the one siphon open and again with two
siphons open,

4. Position the trough at 10 degrees slope with one siphon open. Now
pour 10 m1. of coarse sand into the trough, record how long it
takes for all the sand to be transported away. Next open both
siphons and repeat.

5. Position the trough at 15 degree: slope and open only one siphon.
Pour in 10 ml. of coarse sand and measure the time for it to be
transported, Lower the trough to 5 degrees and repeat. Record
the time in both instances.

ERIC
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IX-B-2a

6. Repeat sections 4 and 5 using 10 ml. of fine silt. Record your
observations.

7. Graph your resuits for steps 2 and 3.

QUESTIONS:

(B-2.22) 1. From your observations, what do you think the relation-
ship is between stream slope and the ability of a stream
to erode?

(B-2.23) 2. From your observations, what do you think is the re-
lationship between stream volume and its ability to erode?

g:g ggg What do you hypothesize is the relationship between
particle size in a stream and the slope and volume of
that stream?

4. What could happen in nature in order to produce these
same changes in slope and volume that you did in your
model of a stream?
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TOPIC X - THE DEPOSITIONAL PROCESS

How Does Sedimentalion Occurn?

Time Emphasis: 7 days
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Eagy (1)

X-A-1a: DEPOSITION OF SEDIMENTS

UESTION:

What factors affect the deposition of particles in a medium?

MATERIALS:
Plastic column (80 cm. long x 35 mm. inside diameter), cap or stopper, ring stand and clamp,

sorted sediments (pebblss to fine silt...5 ml. of each size), screen sieves, unsorted sedi-
ments (100 ml1.), watc.. .~ clock with second hand, water, graph paper.

SUGGESTED APPROACH:

1. Recommended groups of two students.
2. The apparatus is to be set up as suggcsted in student sheet.

3. Advanced Preparation: prepare five different sizes of sediment. Gravely sand w’ll serve
as an adequate unsorted material.

4, A brief prelaboratory discussion involving the prediction of the relationship !'etwzen
sediment size and settling time sets the stage for the investigation,

5. Have apparatus available,that could be used to find the density of the particles. Some
of the students may want to investigate density as a variable.

6. Shape of grains could also be investigated as a variable,
7. One tube should be set up with a fine clay suspension where it can be left undisturbed for
a few days to demonstrate the characteristics of a colleidal suspension.
PRECAUTIONS:
1. Make sure sediments are thoroughly sieved,
2. Caution the students to make sure that the hose and stopper are securely in position,

3. Caution the students to time the main body of the sediments. Some particles will settle
almost immediately while others will remain in colloidal suspension,

4, Decide on a scale to depict the different sized particles.

TYPICAL RESULTS:

Students'graphs should show a decrease in settlina time as the particle size increases (with
a 1e;e1ing off towards the larger particles). The graded bedding usually shows up very well
in the tube. ‘

MODIFICATIONS:

>

1. Simplified version:

a) Supply the students with a large covered glass jar (i.e., mayonnaise jars), some
sediments having mixed particle size and color.




b)

d)

e)

REFERENCES:

X-A-1la

Have students fi111 the jar 1/2 full with water; add about 150 ml. of sediments,
Cover the jar and shake thoroughly, At the end of the shaking, allow the jar to
stand quietly for about 5 minutes,

Have the students draw a diagram of what they observe,

Take a piece of rigid tubing (e.g., cork bcrer) and push straight through the layers
of sediments., Using a solid rod that just fits inside the tube, carefully push the
sediments out onto a piece of paper.

With a toothpick, smear small amounts of each kind of sediment on small glass squares.
Place each glass square over millimeter graph paper and determine the particle size
of each layer of sediments.

Investigating the Earth, pp. 292-293, Teacher's Guide, pp. 357-358.
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X-A-la: DEPOSITION OF SEDIMENTS

QUESTION:
What factors affect the deposition of particles in a medium?

INTRUGOUCTION:

The weathered material of the earth's surface may be eroded away and
eventually deposited in the relatively quiet waters of ponds, lakes,
or oceans. Unfortunately many of the processes of deposition go un-
noticed by us because we are above and not under the surface of the
waters. In this investigation you will be able to see, with the aid
of a plastic tube, deposition taking place; study some factors which
affect it; and observe the products of deposition.

OBJECTIVES:

When you have finished this investigation,you should be able to:

1. describe the factors that 1nf1uence the deposition of sediment in
a quiet body of water.

2. describe conditions under which vou would expect graded beddinag to
be formed.

METHOD:

V. Set up the equipment as follows: attach a plastic column, in a
vertical position, to a ring stand or some other supporting device.
Make sure the bottom cap is tightly in place and the hose clamo is
closed. Fill the tubes about 3/4 full of water,

2. Drop small amourn:: of each of the different sized sediment into the
column and record the time each takes to reach the bottom. Repeat
this three times for each size. Use the average time for the set-
tling rate,

3. Make some type of comparative scale of the different particle sizes,

4, Construct a graph of the settling time versus grain size for each
and draw inferences from the graph.

5. Empty the column, replace the stopper TIGHTLY,and fil1l the column
HALF full with water. Drop a handful of the mixed sediment into
the water and record your observations. After waiting several
ninutes, repeat this procedure once again,

6. After allowing a few minutes for settling, make some observations

ERIC / '76
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X-A-la

concerning the nature of the sediment on the bottom of the column.

7. Develop a technique which will allow you to test the effect that
density of particles has on the settling rate.

8. Investigate the effect of particle size on settling rates.

9, Make and record observations of the apparatus your teacher has set
up to illustrate colloidal suspension.

QUESTIONS:

(A-1,11) 1. How does size affect the time in which particles settle
when other factors are equal?

(A-1.12) 2. What was the pattern of motion of the finest particles in
the sample as they settled? What rate of settiing did
you measure’

(A-1.13) 3. What 1s your description of the appearance of material
which has accumulated on the bottom following the addi-
tion of the mixed sample to the quiet water.

(A=1.21) 4, What effect does the shape of a particle have on its
settling rate when all other factors are equal.

(A-1,31) 5. What effect does the density of a particle have on its
settiing rate when all other factors are equal.




Easy (1)

X-A-1b: STREAM TABLE

QUESTION:
What factors affect the deposition of particles in a medium?

MATERIALS:

Stream table or tray, approximately 122 x 36 x 9 cm. with drain at one end, siphon tube with
clamp, support to raise one end of tray, one bucket of sofl, large overflow bucket, water,

SUGGESTED APPROACH:

1. Recommended student grouping (5-6).
2. It is best to set up the apparatus prior to class time.

3. A brief review of the concept of models might help to put the use of a stream table in
perspective with the natural environment.

4. If there are sufficient numbers of stream tables available,a demonstration table may be set

up and allowed to run for several days, thus more closely approximating the actual stream.
5. Relate observations to topics covered in Topfc IX, as well as Topic X.

6. Relate to actual deltas on maps and werial photographs.

PRECAUTIONS :

1. In a laboratory investigation such as this,the students should be allowed to pursue any
reasonzble approach to the study of stream deposition.

2. Due to increase in weight as the soil absorbs moisture,the middle of the stream table
might buckle....support 1s needed.

3. The soil should be a fine washed sand or gravel. Organic matter will cause floating
debris and will cloud the water to such an extent that the formation of the delta
will be obscured, If difficulties arise such as the sand being washed away or the
channel changing too rapidly, some fine clay may be added to the sand to stabilize it.

TYPICAL RESULTS:

The students should observe the following phenomenom during this investigation:

1. slope of the delta

2. stream meanders, deposition, and erosfon
horizontal distribution of the sediments

4, deposition occurring in relatively auiet water

MODIFICATIONS:

1. If at all possible, go to an actual stream so that the students will be able to relate
their model to the actua) environment, '

2., Sedimentation chamhers may be constructed or purchased and may be used to illustrate
the cross section of a delta.

Ps




X-A-1b: STREAM TABLE

QUESTION:
What factors affect the deposition of particles in a medium?

INTRODUCTION:

Streams and rivers play an important role in the processes of erosion
and deposition, In previous investigations, the factors which affect a
stream's ability to erode have been studied. In this {nvestigation
you will see some of these factors in operation as well as observe how
they affect the deposition of the eroded material in a model "lake."

OBJECTIVES:
When you have finished this investigation, you should be able to:

1. describe the characteristics of a meandering stream, jdentifying
areas of erosion and deposition.

2. describe the characteristics of a delta formation, including shape,
structure,and kind of material of which it is composed.

METHOD:

1. Set up a stream table as {llustrated in the diagram below:

Siphqn tube

Meandering River

Overflow ~ lake .

Catch bucket




X-A-1b: STREAM TABLE

QUESTION:
What factors affect the deposition of particles in a medium?

INTRODUCTION:

Streams and rivers play an important role in the processes of erosion
and deposition, In previous investigations, the factors which affect a
stream's ability to erode have been studied. In this investigation
you will see some of these factors in operation as well as observe how
they affect the deposition of the eroded material in a model "lake.”

OBJECTIVES:

When you have finished this 1nvestigation,you'shou1d be able to:

1. describe the characteristics of a meandering stream, identifying
areas of eroSion and deposition.

2. describe the characteristics of a delta formation, including shape,
structure,and kind of material of which it is composed.

METHOL:

1. Set up a stream table as {llustrated in the diagram below:

Siphqn tube

Meandering River

Overflow !(§52?T—Lake e S
tqu\\
l
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X-A-1b

2. Observe and record changes that occur on the land surface, lake,
stream itself, and depositional features.

3. Modify the slope of the stream, making it steep near the head and
less steep near the mouth. Observe particle erosion and deposition
patterns that develop along the stream.

4, Float a small folded piece of paper downstream, or place a few.
drops of food coloring in the water at the upstream end. Observe
its velocity in comparison to grains of sand moving in the stream
bed. Which best represents the velocity of the water? Observe
the path of the paper or the coloring. Where does it go in re-
Jation to the channel walls, and the lake?

5. Select at random four small equal areas of the stream table. De-
termine what process (erosion or deposition) is dominant in each
area,

QUESTIONS:

(A-1.41) 1. As the velocity of the water decreased which particles
were deposited first?

(A-1.42) 2. As the slope o7 your stream decreased, what happened to
the velocity of the water flowing in the stream? Describe
the horizontal sediment depositional pattern that resulted.

(A-1.43) 3. How does the velocity of particles being transported
douwnstream compare to the velocity of the water trans-
porting them?

(B-1.11) 4. What changes occurred in the total system as a result of
the erosional and depositional processes?

(B-1.21) 5. What is your analysis of the process acting in the four
selected areas?

(8-1.31) 6. From a plane view of the stream table, where can a
boundary be drawn separating areas of erosion from
areas where deposition is taking place?

(8-1.41) 7. In what areas on your stream table is it difficult for
you to decide which is occurring, erosion or deposition?
What 1s the possibility that both processes are occurring
simultaneously?

/75
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Easy (1)

X-A-Tc: DENSITY CURRENTS

QUESTION:

What factors affect the deposition of particles in a medium?

MATERIALS:

Two plastic or pyrex glass columns joined together, graduated cyiinder (50 m1.), two small
test tubes, two beakers, (100-250 ml.), grease pencil, timer or watch with second hand, fine
sand (1 cubic centimeter), two ringstands, two swivel tube clamps, astrolabe, fine sand and
clay (potter's clay from art departwent works well) mixture (100 grams), graph paper.

SUGGESTED APPROACH:

1. Advanced preparations: ‘
a. Prepare the two slurries to be used in the investigation:
“*#1 - one part fine sand and clay to two parts water
*§2 - one part fine sand and clay to four parts water
Label each slurry with the appropriate proportions.
b. To save time, the apparatus may be set up prior to the students coming to class.
2. Have the students follow the directions on the student sheets and camplete the
investigation.
PRECAUTIONS:
1. Be sure the glass tubes used are not the breakable type.

2. The slope of the column should be between 10 and 15 degrees; lower slopes may be
necessary if a shorter column is used.

3. Make sure all stoppers and clamps are tightly secured.

4. Al1 slurries must be well agitated when density measurements are made and while being
poured into the column.

5. Students should organize themselves so that each knows his responsibility before
starting the investigation.

6. This model of a density current serves only to demonstrate what a densfty current is,
but does not really illustrate how a real density current operates. A real density
current can be triggered by a very small event such as a sea animal burrowing into
the sand on a steep underwater slope. As loose sand begins to mix with the water, a
density current forms and begins, stowly at.first, to move down slope. As it con-
tinues,more sediments are stirred up and the current increases in density, and there-
fore in velocity until a major density current able to tramsport coarse sediments far
out to ocean basins is formed, When it reaches a broad, flat area on the ocean bottom,
the decrease in slore begins to slow down the velocity of the current and eventually
the sediments settle out in the quiet water.

<0




TYPICAL RESULTS:

|
|
|
X-A-1¢

In the past, this investigation has proved very effective in {llustrating the concept of
density currents and the important role they play in distributing large sediments on certain
portions of th. ocean floor.

MODIFICATIONS:

1. Position a plastic tube as described on the student sheet. Fill the tube 1/3 full
with a dense solution of salt water. Add fresh water, being careful to maintain
the interface between the two. Add a clay slurry and observe what happens when it
reaches the salt-fresh water interface. This can be used as a demonstration after
the above investigation is completed.

REFERENCES:
Sand, Scientific American (reprint) by P.M.H. Kuenen.

<1




X-A-Tc: DENSITY CURRENTS

QUESTION:
What factors affect the deposition of particles in a medium?

INTRODUCTION:

Geologists have found coarse sediments on the ocean floor far from
shore but near the mouths of submarine canyons. They have attributed these
sediments to "density currents" coming from the continental shelf. In
this investigation you will have an opportunity to create a model of a
density current and seek an answer to the question, "Could density currents
actually carry these coarse sediments that far out to sea?"

OBJECTIVES:

When you finish this investigation,you should be able to:

1. explain the probable mode of transport and deposition for
the coarse grained sediments found in the deep ocean basins.

METHOD:

1. Position the plastic tube at an angle of 10 - 15 degrees with
the table top. Make sure it is adequately supported and
that the bottom cap is on tight. Fil11 the tube with water
(this can be done using a bucket of water and siphon). Make
sure you leave enough room in the tube to allow three test
tubes of water to be added without spiiling over.

2. Prepare slurry #1, unless your teacher has already done so.
Either measure or estimate its density and record it. Stir
the slurry until it is well mixed and then fill a test tube
1/2 full with it. Shake the test tube well and quickly pour its
contents into the plastic tube of water. Mark the distance -
the slurry travels in 5 second intervals (use a grease
pencil and mark directly on the plastic- tube). Measure these
distances and record them. Examine and record your observa-
tions of the materials that settle along the bottom.

3. FEmpty the contents of the tube; rinse with clear water;
replace the bottom cap tightly, and repeat the procedure
with slurry #2.

4. Prepare a graph showing the relationship between relative
density of the slurry and average velocity of the density
current.




X-A-1c

QUESTIONS:

1. What is the order by density of the two slurries and
tap water?

2. How do you account for the differences in d .sities?

3. What variations did you notice in the rate of movement
of slurry #1?

4. What variations did you notice for slurry #2?

(A-1.43) 5. From your graph, what is the relationship between the
densities of the two slurries and their average
velocities?

6. If you had an infinitely long tube, which slurry
would travel the farthest in a given time? Why?

(A-1.41) 7. Your investigation differed from a real density current
in one very important way. A real density current
moves over an ocean bottom containing Toouse sediment, as
a result, it stirs up these sediments and the current
increases in density as it moves. Did your density
current increase as it moved down the tube? If the
density of a real density current increases as it con-
tinues along its path, what would happen to its velocity?
What would happen to the amount of sediment being
carried? What would finally act to slow this down and
eventually let the sediments settle to the bottom again?
Which particles would settle out first?

8. If you were to vary the angle of the tube from 15 to 12
to 9 to 6 degrees and use slurry #1, what would a graph
of angle of slope versus average velocity look like?
(praw a rough sketch.)

9. From your graphs and observations, do you think that
density currents are the cause of the coarse sediments
on the ocean floor? Explain.

(B-1.51)10. What are the energy characteristics of a density current
in motion?t Where did the energy originate?

(B-1.52)11. When the energy of the system {is depleted, what will
happen to the sediment? |
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TOPIC XI - FORMATION QF ROCKS

How Are Rocks Fornsed?
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QUESTION:

Easy (1)

XI-A-Ta: ROCK PROPERTIES

What similarities do rocks have to sediments?

MATERIALS:

Each group of two students should have a piece of coarse-grained granite with clearly dis-
tinguishable minerals (preferably pink feldspar, quartz, and black mica); a crushed sample
of the same granite; about 15 rock samples including both sedimentary and nonsedimentary
types (e.g., sandstone, limestone, shale, conglomerate, basalt,granite, gahbro, obsidian,
banded gneiss, schist, slate, marble, and quartzite); a sample of sand or qravel; magnify-
ing glasses; and a teasing needle. (It may be convenient to prepare permanent kits of the
above items and place each in a shoebox.)

SUGGESTED APPROACH:

Part I

Part Il

PRECAUTIONS:

Have the students observe their rock samples and describe them, This can be ac-
complished by having an individual describe a rock, then ask the other students to
hold up the rock sample they think is being described. Repeat this several times
and place a master list of the various terms used to describe the rocks on the'
chatkboard., Ask students to indicate which of the terms on the master list best
describe i'ocks; underline or circle these. Most of these will be textural tewms
that describe the way individual parts of the rocks are put together,

Conduct a concluding discussion exphasizing the following:

a) Some rocks have characteristics that are very similar to loose sediments (these
arc called sedimentary rocks). Other rocks have different, but distinctive,
characteristics (these are called nonsedimentary rocks).

b) A1l rocks are composed of minerals, most having more than one mineral present,

Have the students e. mine the loose gravel (using their hand lenses) and compare the
material with the material composing their rock samples, Have them identify any
similarities and differences.

Ask students to observe the granite specimen carefully. Is it composed of one, or
more than one, kind of mineral?

Have the students examine their sample of crushed granite and divide ihe pieces into
piles of similar materials. Have them make a list of terms that describe how the
various rock pieces (minerals) look.

1. Students are not expected to learn rock and mineral names, they should, however, learn to
recognize sedimentary rocks as oppesed to nonsedimentary rocks.

2. It is best to use local rocks and minerals whenever possible, so that the student will be
familiar with his local rock types.




XX-A-Ta
BACKGROUND INFORMATION:

ROCK ANL MINERAL EXCHANGE SERVICE

Teachers interested in swapping rocks, minerals, fossils, and earth sctence curricutlum
materials are hereby notified that a clearinghouse for the exchange of earth science
materials has been established in McFarland, Wisconsin.

To take advantage of this free, voluntary service, send a list (sfize and quantity) of the
rocks, minerals, fossils, and earth science curriculum materials YOU NEED, along with a 1ist
(size and quantity) of the rocks, minerals, fossils, and earth science curriculum materials
YOU CAN S”AP§3§§§ J. E. Wall, RMES, c/o Science Department, McFarland High School, McFariand,
Wisconsin .

You will be supplied with the names and addresses of those science teachers who can supply
your needs on a SWAP basis, To receive additional RMES "Swap Sheets," send a stamped, self-
addressed envelope (business size) to the RMES.

Due to the free, voluntary nature of the RMES, only those inquiries accompanied by stamped,
self-addressed envelopes will be processed.

Sample RMES "Swap Sheet"
ROCK AND MINERAL EXCHANGE SERVICE

e

Your name Your home address
School name City & Z1p Code
Street
City & Zip Code RMES Code Number
I OFFER FOR TRADE (size & quantity): I NEED (sfze and quantfty):
P 4CES:

“uveerigating the Eavth, pp. 39-42, 48-50, 332; Teacher's Guide pp. 70-74, 76-77, 87-88,
89-90, 409-411,




XI-A-1a: ROCK PROPERTIES

QUESTION:

What similarities do rocks have to sediments?

INTRODUCTION:

If you were to examine the pebbles or boulders found near a river bank,
in a road cut,or at a construction site, you would probably notice the
wide variety of types present. If you were to travel to different
places around the State or the country you would notice many similar-
ities and differences among the rocks you observed. Since there are
potentially an unlimited number of differences among rock samples,
scientists find it convenient to group them on the basis of certain
characteristics.

OBJECTIVES:

When you have finished this investigation, you should be able to:

1. describe the characteristics of sedimentary and nonsedimentary
rocks.

2. describe the characteristics of rock components (minerals).

METHOD:

Part I  Study your rock samples closely and describe their properties.
Check your descriptions by verbally describing one of your
rocks and asking your fellow students to hold up their sample
of the same rock. If they cannot, then you need to work more
on your description. You or your classmates may want to place
a master list of terms used to describe rock samples on the
chalkboard.

Next, examine the lcose gravel with a hand lens and compare
it to the rock samples. Place in a pile all those rocks
which are composed of one or more of the same types of mate-
rials observed in the gravel. Place all the other rocks in
another pile. Make a list of all the identifying character-
istics of the rocks in each pile.

Part I1 In part one, you probably recognized that most rocks are com-
posed of small grains. Examine the rock specimen called
granite, and then look at the crushed sampie of granite.
Separate the crushed materials into piles of materials having
similar properties (minerals). Describe the characteristics
of each pile, Decide which was easier to describe, the piles
of minerals or the rocks in part I.

»
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XI-A-la

QUESTIONS:

(A-1.11) 1. Describe the properties that you observed in the rocks
‘ that contained particles similar to those in the gravel
sample. What are these kinds of rocks called?

(A-1.21) 2. Describe the properties of the rocks that did not appear
similar to the gravel particles. What are these rocks

called?

(B=1.11)

B-1.12) 3, Describe the minerals that you were able to observe in

B~1.13) more than one rock. List the number of different min-
erals you wers able to observe in each of your rock
samples.

(B-1.11)

(B-1.12) 4. Which was easier to describe, the piles of minerals or

%B-l.lB; the rocks in part I? Explain why.

B-2.11

ERIC
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Easy (3)

XI-B-2a: PROPERTIES OF MINERALS

QUESTION:

What are some characteristics of minerals?

MATERIALS:

Samples of some important rock-forming minerals (e.g., quartz, feldspar, hornblende,
mica, magnetite, calcite, hematite, etc.) and any minerals of Tocal significance,
balance, graduated cylinder, streak plate, nail, glass plate, penny, dilute HC1, and
suppiementary sheets 1-3.

SUGGESTED APPROACH

1. Discuss with the studerts the various tests you wish them to perform. Some, such
as color and density, should need 1{ttie discussion while others, such as hardness,
streak, and acid test, will need more. -

2. Provide students with a mineral identification chart (See Supplementary Sheets) and
several mineral samples.

3. Have students attempt to identify the samples. Stress that in some cases they may
only be able to Timit their identification to several possibilitfes. (This will be
governed by the number of different tests and the number of minerals on the identi-
fication chart.)

PRECAUTIONS :

1. It is the process of identiffcation of minerals NOT the actual {dentification that
is of importance in this investigation. Students often form the impression that
all samples of a given mineral have a similar appearance to the smple they have
worked with. Point cut that this is not always the case.

2. If your students use pieces of window glass to determine hardness, make certain that
they place the glass flat on the table and scratch it with the mineral specimen, Never
have chem attempt to scratch the mineral specimen with the qlass, since small particles
of glass may break and cause injury.

REFERENCES :

Imvestigating the Earth, p. 575




XI-B-2a: PROPERTIES OF MINERALS

QUESTION:

What are some characteristics of minerails?

INTRODUCT ION:

Scientists have distinguished several thousand mineral species.
Many are quite rare. A few together constitute 99 percent of
all the minerals found in the earth's crust. Each mineral has
a distinct composition and structure, however, for practical
purposes most can be identified by observing a few of their
basic properties. In this investigation, you will study some
basic properties of minerals and use these properties to
identify the particular mineral.

OBJECTIVES:

Wher. you finish this investigation, you should be able to:

1. make observations and perform tests to determine some
mineral properties such as color, density, hardness,
streak, etc.

2. identify some common minerals by observing their
properties and using a mineral reference table.

3. identify some of the most abundant elements found in
minerals.

METHOD:

1. Obtain a set of minerals for identification, and run the
tests indicated by your instructor. Use a table to record
the results of your tests (Supplementary Sheet #3).

2. Using a mineral identification table, identity the minerals
based upon the results of your tests.

QUESTIONS:

(B-2.11) 1. Did any two of the minerals you tested yield the
same results for all tests? If not, do you think
that, given additional samples of different minerals,
this could happen? Explain,

ERIC
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X1-B-2a

2. Of the general properties you tested which do
you think are most reliable? Least reliable?
Explain.

3. Do you think that different samples of the same
mineral could yield different results for any
of the tests you constructed? If so, which
tests?

(B-2.21) 4. Refer to your identification chart and make a
list of all the different elements found in the
minerals studied. Indicate how many different
minerals each element appeared in. Which
elements appear to be quite abundant?

©

ERIC

Aruitoxt provided by Eic:




SUPPLEMENTARY SHEET #1 XI-B-2a
(MINERAL IDENTIFICATION CHART)

Luster -- The way a mineral's surface appears in reflected light.

Streak -- The color of a fine powder of the mineral - usually rubbed on a streak plate.

Hardness: Soft - can be scratched by your fingernail; medium - cannot be scratched by fingernail but
can be scratched by a piece of window glass; hard - cannot be scratched by a pisce of window
glass.

MINERAL NAME AND WAY IT OTHER

COMPOSITION COLOR BREAKS LUSTER STREAK HARDNESS CHARACTERISTICS
Quartz white, gray,
§i0» pink shell-like | glassy white hard translucent
Feldspar white, pink, glassy,
KA1Si 50, green uneven pearly white hard translucent on edges
Calcite Splits into | glassy, transparent to
CaC0, all colors | forms like | dull white medium opaque - bubbles in
bent over . HC1
cubes
Mica black to Elastic, transparent
K{Mg,Fe);(0H;F),- | brown or splits into | glassy, . thin sheets,
A1S130,4, colorless thin sheets | pearly white medium flexible
Hornblende
Ca -(Mg,Fe)s(OH),- | black to uneven Tong 6-sided
(A1,S1):07, t green splinters glassy dark green |hard crystals
Garnet red to waxy to brittle, rounded,
Fe Al (Si0u4)4 black uneven glassy white hard translucent
;OXivine pearly- granular masses,
Clg,.Fe) Si,z yellow-black| uneven glassy pale green |hard sugary, glassy
' grains
Talc white, splits pearly- white to greasy feel, foliate
Mg (OH) Siu) o light green | smooth in glassy green soft foliated, massive
one plane
Magnetite magnetic, brittle,
Fe 0. "1 black uneven metallic black hard heavy
Hemati te metallic to brittle, opaque,
Fe-0, red to black| uneven dull red-brown hard never in crystals
Limorite yellow, earthy, dull,
H Fe 0, brown shell-like |dull yellow-brown|soft to hard|brittle
Malachite medium to bubbles in acid
Cu, (0H),C0: green fibrous dul 1ight green |hard (HC1)
Azurite bubbles in acid, ore
Cu;(0H),(C03)» blue fibrous glassy light blue |medium of copper
Cassiterite heavy rounded masses |
S red-brown  |uneven dull white-brown |hard ore of tin

J<




SUPPLEMENTARY SHEET #2

(MINERAL IDENTIFICATION CHART)

Luster -- The way a mineral's surface appears in reflected light.

Streak
Haransss:

-- The color of a fine powder of the mineral - usually ru
Soft - can be scratched by your finger

i1, medium - canno

XI-B-2a

bbed on a streak plate.
t be scratched by fingernail but

can be scratched by a piece of window glass; hard - cannot be scratched by a piece of window

glass.

MINLRAL NAME AND WAY IT OTHER
COMPOSITION COLOR BREAKS LUSTER STREAK HARDNESS CHARACTERISTICS
Sphalerite brown to splits into medium to _
nS black shiny sur- | waxy Tight hard brittle, ore of zinc
faces 1
Galena gray to st.1its into gray to cubic crystals, ore
PbS black cubic forms | metallic black medium of lead, heavy
Bauxite red to red to soft to lumpy appearance,
AT(0H) . brown uneven dull brown } medium massive, odor of wet
clay when wet, ore
of aluminum
Sulfur crackles in heat of
S yellow shell-1like | greasy white ' medium hand, brittle
Gypsuin colorless td pearly to used for wallboard
CaS0.-2H 0 white or brittle dull white soft and plaster
aray
Graphite dark gray splits in
C to black one plane dull opaque | black soft used in Tead pencils
Pyrite brass- metallic greenish-
FeS- yallow uneven opaque black hard called fool's gold
Asbestos white to used to make heat-
Mg, (CH) S1.0., greenish- fibrous sitky white soft insulating cloth
white
Corundum yellow= next in hardness to
Al1.0: brown uneven dull white very hard diamond
Kaolin used as a clayv to
Al (OH):81.0:¢ white earthy dull white very soft make pottery
Fluorite colorless transparent scme foirms fluoresce
CaF. to purple brittle to trans- white medium under ultraviolet
lucent Tamp
Halite
[Na61 calorless blocky glassy white soft tastes salty.
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Challenging (2)

XI-B~2b: STRUCTURE OF MINERALS

QUESTION:

What are some characteristics of minerals?

MATERIALS:

Fifteen 14-inch styrofoam spheres and four }%-inch styrofoam or plastic spheres per group,
pipe cleaners, silicate mineral samples (quartz, feldspar, olivine, mica, hornblende,
asbestos, etc.), a halite specimen of approximately 2 cubic centimeters, steel knife or
scalpel, clay, and a hammer.

SUGGESTED APPROACH:

Part I 1. Discuss with students the relative abundance of silicon and oxygen in the earth's
crust,

Have students attempt to build a silicon-oxygen tetrahedron and, having done so,
have them attempt a double tetrahedra and then a chain of tetrahedra.

Construct for the students, or illustrate with a diagram, a double chain and a
sheet of tetrahedra.

Ask the students what forms they tﬁink the minerals would have if the minerals
had the various structures that have been considered.

Give students samples of silicate minerals that show good crystal form, and ask
them to suggest tetrahedral structures for each,

Part II 1. Have the students split a halite specimen, or do it yourself as demonstration.
Relate this to the idea of diamond “"cutting."

2. Have the students construct a model, using the styrofoam balls, that would explain
why halite can be split.
PRECAUTIONS:

1. Construction of double chain and sheet silicate models is difficult, and it is suggested
that the instructor practice making them before attempting them with a class.

2. Safety precautions should be discussed and followed to prevent the students from cutting
themselves when splitting halite.

TYPICAL RESULTS:

Students will usually construct several incorrect models of the tetrahedron before obtaining
the correct one.

MODIFICATIONS:

Give the students prepared modeis of mineral structures, and have them suggest a form for that
mineral's appearance.

REFERENCES:

Investigating the Earth, p. 50, Teacher's Guide, p. 74, pp. 77-82.
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XI-B-2b: STRUCTURE OF MINERALS

QUESTION:

What are some characteristics of minerals?

INTRODUCTION:

Some mineral sanples appear to have regular or crystal forms. Scien-
tists have found through X-ray studies that these samples have a
regular atomic arrangement. In fact, all minerals have, at least to
some extent, a regular arrangement. In this investigation, you will
be studying models that scientists have constructed for some of the
silicate (silicon-oxygen) minerals. You will also investigate a non-
silicate mineral (halite).

OBJECTIVES:

When you have finished this investigation, you should be able to:

1. construct a physical model of a silicon-oxygen tetrahedron and
justify that model as opposed to other possible arrangements,

2. construct and explain a physical model that shows how silicon-
oxygen tetrahedra join by sharing oxygen atoms.

3. given a silicate mineral in crystal form,suggest a possible ar-
rangement of the tetrahedra.

4. construct a model of the molecular arrangement of a mineral hav-
ing examined its splitting pattern and crystal shape.

METHOD:

Part I 1., Take four of the large spheres (oxygen atoms) and one of
the small spheres (silicon atom) and put the five into as
compact an arrangement as possible. Check your model with
your instructor before proceeding.

2. Build a second model in the same way as the first. Now
join the two tetrahedra in such a way as to share one
oxygen,

3. Try tec build a chain of tetrahedra.

4, Examine the silicate mineral samples that your instructor

wil  provide and see if you can suggest an appropriate
atomic structure for each.
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XI-B-2b

Pr~t II 1. Take a large crvstal of halite, fasten it to a Tump of
clay, and split it with a knife in a particular direction.
(The best technique for this is to place the blade on the
crystal and tap it gently with a hammer.) Describe what
you observe.

2. Try cutting the crystal (as above) in various other direc-
tions, and describe what you observe.

3. Stack the styrofoam balls to resemble vour idea of the
atomic structure of a halite crystal, based upon what you
observed in steps 1 and 2.

QUESTIONS:

Part I (B-2.31) 1. What is the ratio of silicon atoms to oxygen
atoms in a simple tetrahedron? In a double
tetrahedron? In a single chain of tetrahedra?

2. If a mineral has a structure of chains of
tetrahedra, what do you think holds the chains

together?
(B-2.32) 3. Why do you think the mineral mica breaks the way
it does?
Part II 1. Draw a sketch of the model you constructed to

represent the structure of halite.

(B-2.32) 2. Why does halite split with a plane surface only
in certain directions?

(B-2.32) 3. How do you think the atoms would be arranged in
a mineral that did not split with any plane
surface.
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Easy (1)

XI-C-la: FORMATION OF SEDIMENTARY ROCKS

QUESTION:

How are sedimentary rocks formed?

MATERIALS:

Sediment (sand, pebbles, dirt, etc.), sugar, salt, Portland cement, epoxy, glue, plaster of
paris, dilute HC1, samples of sedimentary rock (sandstone, shale, limestone, conglomerate),
paper or plastic cups, glass bottles or beakers, and one or more of the following (alum,
potassium nitrate, sodium nitrate, potassium permanganate, copper sulfate).

SUGGESTED APPROACH:

1. Since students will have already considered how sediments are formed, ask them how they
think these sediments might be converted, in nature,into rocks. Ask them if they can think
of any ways in which cedimentary rocks can be formed other than from sediments.

2. Have the students devise and perform procedures for making "sedimentary rocks" in the
Taboratory. It may be wise to have them clear procedures with you before proceeding.

3. Have the students grow some "sedimentary rock" crystals from a saturated water solution,
using one or more of the salts listed unser materials above. This can be dene by dissolv-
ing as much of the salt as possible in a beaker or jar filled with warm water. Place
the jar in a position where it can be left undisturbed for a few days. The crystals will
"grow" on the bottom of the jar.

4. In a class discussion, examine the results of the students' efforts.

5. Give students the sedimentary rocks for examination. Discuss their interpretations. Stress
the processes of cementation, compaction, and solution.

6. This investigation can be concluded by showing the EB film "Rocks That Form on the Earth's
Surface,"”
PRECAUTIONS:
1. Care must be taken in relating the processes the students use in the laboratory to maké
sedimentary rocks to the processes active in nature. In some cases, the model may not be
a very good approximation to what happens in nature.

2. Some of the chemicals mentioned should be used with caution.

TYPICAL RESULTS:

Since much attention previously has been given to sediments, students will most Tikely devise
procedures that employ cementation and compaction. Less likely to be devised is the process
of crystal growing, therefore, this may have to be suggested by the teacher.

MODIFICATIONS:

1. Give students several samples of artificially prepared "sedimentary rocks” and ask ihem to
tel1 how they were made. They should still be given, however, some real sedimentary rocks
to examine.




XI-C-1a
2. A fishline or piece of nyl: can be suspended in the saturated solution (crystal-growing
exercise) to act as a support on which crystals will develop.

REFERENCES:

4 Sourcebook for the Physical Sciences, pp. 64-65.
Crystcls and Crystal Growing, Alan Holden, Science Study Series




XI-C~-la: FORMATION OF SEDIMENTARY ROCKS

QUESTION:

How are sedimentary rocks formed?

INTRODUCTION:

You have already considered how sediments may be formed in nature. The
appearances of many rocks found in nature suggest that they may have
been formed from sediments. Such rocks are calied sedimentary rocks.
While many sedimentary rocks are formed from sediments, there are some
processes for forming sedimentary rocks that do not require sediments.

OBJECTIVES:

When you have finished this investigation, vou should be able to:
1. describe the ways in which sedimentary rocks may form,

2. describe how a given sedimentary rock sample may have
formed.

METHOD:

1. Devise some procedures for making “sedimentary rocks." Check your
procedures tith your instructor, and then try them.

2. When you have completed step 1, your instructor will give you some
sedimentary rocks to examine., Describe how you think these rocks
might have formed in nature.

QUESTIONS:

(C-1.11) 1. Describe the basic processes by which sediments are changed
into sedimentary rocks.

(C-1.21) 2. Some sedimentary rocks do not originate from loose sedi-
ment; describe how these rocks may forui.

5. Kelate the procedures vou used in step 1 above to similar
pracess s in nature. How we'e they similar? different?

4. Do you think that different sedimentary rock forming
processes could produce similar rocks?
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5. Can you tell from examining a sedimentary vock where it
was formed (e.g. river channel, river delta, lake bottom,
ocean floor, etc.)? If so,try to apply this to some of
the rock samples?

6. Geologists sometimes use the expression ‘story in the
rocks." How do you think this might appiy to the rocks
you have examired?

(C-1.21) 7. Describe the relationship between crystailization and
sediment changing into rocks.

(C-1.31) 8. Is there any evidence of biologic formation in any of the
sedimentary rocks that your teacher has provided for your
observation?

ERIC
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Easy (1)

XI-C-2a: FORMATION OF NONSEDIMENTARY ROCKS

QUESTION:

How are nonsedimentary rocks formed?

MATERTALS:

salol. heat source (e.g., stage on overhead projector, hot plate, Bunsen burner, etc.)
microscope slides, petri dishes, stereo-microscopes or hand lenses.

SUGGESTED APPROACH:

1. Discuss with the studants some possible ways that nonsedimentary rocks may form.

?. idave the students attempt one or more of the techniques for jrowing crystals from a
melt.

3. Have the students design and carry out an investigatiun tn determine what affect
cooling rate has on crystal size.

4., ‘tave the students observe some nonsedimentary rocks using the stereoc-microscope or
hand Tens, and infer probable cooling rates.

5. In a concluding discussion, have the students relate what they have done in this
investigation to the actual earth processes that form nonsedimentary rock.

TYPICAL PESULTS:

Possible techniques for growing crystals include:

1. Placing small amount of salol on a microscope slide, melt it, and observe crystal
formation as ceoling occurs.

2. Melt a small quantity of salol, transfer it to a glass petri dish, and place it on
the stage of an cverhead projector. As cooling occurs, the crystal-growing process
can be projected on a ccreen. (Note: The microscope slide cannot be used for this
technique b.cause the heat from the projector lamp will prevent cooling from occurring.)

3. Different cooling rates may be observed by:

A. Placing a petri dish containing an ice cube on the stage of the stereoc-microscope.
Place the slide containing the melted salol on the ice cube and observe the rapid
cooling.

B. DPMlace stereo-microscopes at different temperature locations around the room (e.q.,

near radiators, near a cold window, etc.). Allow students to observe cooling
under first one, and then another, of the microscopes.
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XI-C-2a: FORMATION OF NONSEDIMENTARY ROCKS

GUESTION:

| =

taw are nonscdimentary rocks formed?

INTRODUCTION:

Many rocks are not composed of particles that resemble loose sedi-
ment. These rocks often resemble a mass of tiny intergrown
crystals. When examined closely, a wide range in crystal sizes
may be observed. What factors influence the development of these
characteristics in certain rocks?

OBJECTIVES:

When you finish this investigaticn, you should be able to:

1. identify crystalline rocks as probably being of nonsedimentary
origin.

2. describe the relationship betwesn Zont 95 i0te a7 & weit ond
+the vesuil.ng crystal size.

5. eaplain possible earth processes that may result in the for-
mation of nonsedimentary rocks.

AETHOD:

(. Place a small amount of saiol powder on a micrascope slide.
Hold the slide over a heat source until the salol melts.
(Caution - if the heat source temperature is too high it may
break the slide.)

™o

usserve the 1iquid salol under a hand lens or stereo-micro-
scape as it undergoes cooling. Describe what you see.

3. Devise a method for investigating the relationships between
the <ize of vhe crystals and the rate at which the melt cools.

QUESTIONS :

(C-2.11) 1. How do some nonsedimentary rocks form?

(C-2.12) 2. Describe at least one factor that influences the size
of the crystals formed.

41
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TOPIC XII ~ THE DYNAMIC CRUST

How Are Changes in the Earth's Crual Produced?

Time Emphasis: 13 days

INVESTIGATION :? i:' ﬁli i ';T T 1 T
Estimated Time (Periods) 1igt2l2] 2 2
A, Evidence for crustal movement
A-~1 Minor crustal changes What Evidence Suggests Mimor Changes in the Earth's Crust?
| A-1.1 Deformed rock strata A-1.11
A-1.2 Displaced fossils A-1.21 )
A-1.22
A-1.3 Displaced strata A-1.31
A-2 Major crustal changes What Evidence Suggests Major Changes iwm the Earth's Crust?
A-2.1 Zones of crustal activity A-Z.T]W !
A-2.2 Geosynclines A-2.21 !
A-2.22 i
A-2.3 Vertical movements A-2.31
A-2.4 Ocean floor spreading A-2.41
A-2.42
= A-2.5 Continental drift A-2 .51
;g A-2.52 r
3 A-2.6 Magnetic poles A-2.61
o
= B. Earthquakes
B~1 Wave properties What Are Some Properties of Earthquake Waves?
B-1.1 Types of waves B-1.11
B-1.2 Velocities B-1.21
B-1.22
B-1.3 Transmission B-1.31
B-1.32
B-2 Location of an epicenter How Can the Epicenter of en Farthquake Be Foeated?
B-2.1 Epicenter B-2.11
B-2.2 Origin time B-2.21 ]
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TOPIC XII - THE DYNAMIC "UST continued

[L-EE- NI~ NS R -
INVESTIGATON SIS
LiL L |X O | D
Estimated Time (Periods) |1 12 |2 |2 | 2| 2|

1OPHC OUTLINL

3
!
r |
|
!

C. Model of the earth's crust and
interior

C-1 Properties
C-1.1 Solid and liquid zones c-1.1

€-1.2 Crustal thickness c-1.21
C-1.3 Crustal composition C-1.31
C-1.4 Density, temperature,
and pressure C~-1.4}
C-1.5 Interior composition C-1.51
C-1.52

D. Theeories of crustal change
D-1 Inferred processes

D-1.1 Mantle convection cells D=-1.11
D-1.2 Geosynclinal development D-1.21

What Are Some Properties of the Earth's Crust ind Interior?

What Inferences Can Be Drawn About the Frocesses
Which May Cause Crustql Changes?

D-1.3 Isostasy D-1.31
D-1.4 Process relationships D-1.4} . 11
A — —
Mathematical Skill PIC-1
> !
o~ 58 [Measurement Skill PI0-2
T
=2 (Creating Models PI0-3
O o= Lt o
X .= Analysis of Error PI0-4
[ an) |
{Data Analysis PI0-5 i
ﬁ: : 11 “ -
b =
} ‘o
__.ﬁ, e
Multimedia: Check Multimedia Section 5
of Supplement for reference to this =
topic. Y,
e =
= 5
a 3
= =
-
j= B
=
|—-
~
o
v

Evidence of Crustal Movement
Earthquake Watch Analysis

L_James Hall's Field Trip

The Spreading Sea Floor

Location of an Epicenter




[ Easy (1)

XIT-A-Ja: EVIDENCI OF CRUSTAL MOVEMENT

QUESTION:
What evidence suggests minor changes in the earth's crust?

MATERIALS:

Color stides and other photographs; specimens of small folds, faults, fossils; geologic maps
of New York State and the U. S.; topographic maps; simple compass (for measuring strike);
simple clinometer (for ..easuring dip). See below:

tape, tape
Q )2

LJ

SUGGESTED APPROACH:

1. Students should observe actual evidences of crustal movements in the lecal area. This is
possible in many areas of New York State. Then,these first-hand observations may be sup-

plemented by pictures, specimens, and maps.
2. Conduct a postlab discussion considering such questions as:
a} Which of the observed changes were rapid? Which were siow?

b) Did any of the observations lend themselves to more than one interpretation?
How could you determine which of the interpretations were most accurate?

PRECAUTIONS:

Try to choose materials, both laboratory and field, that the students can interpret.

MODIFICATIONS:

In lieu of a field trip, plaster or clay models of folds, faults, ctc., can be used. There
is no substitute, however, for the real thing.

BACKGROUND INFORMATION:

1. Suggestiens for field observations:

a) Tilted rock layers (e.g., Hudson Valley, Orange County, along the Thruway between
Utica and Albany, and between Albany and Suffern)

. 44
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a)
b)
c)
¢)

REFERENCES:

XiI-A-la
Joints and faults
Fossils of marine organisms in rock now located high above sea level

Fault blocks (e.g., Lake George Valley, Highlands of the Hudsen,The Noses fault in
the Mohawk Valley, and areas in the Adirondacks)

Interviews with persons who remember earthquakes along the St. Lawrence Valley

Suggestions for laboratory investijations:

Observations of rock or mineral specimens exhibiting sharp folds
Rock or mineral specimens exhibiting joints that have been recemented together
Clay layers that can be folded by applyina horizontal pressure

Photographic slides or movies showing field evidente of crustal movement

Geologic pamphlets by the U.S.G.S. or N.Y.S. Geologic Survey on the areas %o be visited.
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XiT-A-2a: EARTHQUAKE WATCH ANALYSIS

QUESTION:

What evidence suggests major changes in the earth's crust?

INTRODUCT [ON:

Occasionally an earthquake occurs that causes widespread damage and is
publicized in newspapers, on radio, and television. Earthquakes occur
far more frequently than this, although most have a magnitude small
enough so that Tittle or no damage occurs. The frequency of occurence
of earthquakes, and the areas most susceptible to them should become
apparent when you have concluded this investigation.

OBJECTIVES:

When you have finished this investigation,you should be able to:

1. identify regions of high earthquake activity'on a world map,

2. relate the world distribution patterns of earthquakes to patterns
of volcanic activity and mountain ranges.

3. draw inferences from the pattern of earthquake focus depths and
relate them to understandings of the thickness of the earth's crust.

METHOD:

1. Study your completed Earthquake Watch Maps carevully and outline,

on your world map (supplementary sheet), areas of high earthquake
activity.

2. Qutline areas with rugged mountain systems,

3. In a resource book, find information concerning the active volcanic
regions in the world, and outline these areas on your map.

4. On a standard size sheet of paper, sketch a coastal area of the
world where earthquakes seem to occur frequently. Transfer from
the Earthquake Watch Map to your sketch map the approximate loca-
tions of as many earthquakes as you are able. Use the following
symbols to indicate depth:

Shallow - = —-¢
Intermediate *
Deep - = = ——- 0
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Eqsy (2)

XII-A-2a: EARTHQUAKE WATCH ANALYSIS

QUESTION:

What evidence suggests major changes in the earth's crust?

MATERIALS:

Completed earthquake watch data, blank world map (supplementary sheet), and student handout
sheets.

SUGGESTED APPROACH:

1. Have the students study i{he completed Earthquake Watch Map and discuss any patterns of
earthquake activity that they are able to observe.

2. Have them compare the earthquake patterms to the location of mountain ranges and valcanoces.
3. Have the students prepare a vertical cross section of the ocean-continent boundary.

On the cross section, have them plot the depths of the earthquake fecuses observed, and
draw inferences from the pattern which develops.

TYPICAL RESULTS:

1. If a sufficient number of earthquakes is plotted, a clear pattern of the active earth-
quake belt should result (about 400-500 ear‘hquakes plotted will accomplish this although
fewer than 300 are sufficient to illustrate the basic trend).

2. A typical cross section,with depths plotted,should indicate that the earthquakes under
continental areas tend to occur at a greater depth than those in oceanic regions. This

may be interpreted as a zone of weakness along the crust-mantle interface. If actual
depths are plotted, the cross section may look similar to the one below.

A A A A A CONTINENT

BACKGROUND INFORMATION:

The epicenter of an earchquake is the point on the earth's surface directly above the focus.

REFERENCES:
Tnvestigation the Earth, pp. 318-319, Teacher's Guide, pp. 388-389.




X{I-A-la: EVIDENCE OF CRUSTAL MOVEMENT

QUESTION:

What evidence suggests minor changes in the earth's crust?

INTRODUCTION:

We tend to view our environment as being relatively unchanging. It is
possible, however, to find evidence of change, even if the changes
themselves are too slow to be seen., In this investigation, you will
examine evidence in the field that suggests that at least porti ns of
the earth's crust are uncdergoing change.

& OBJECTIVES:
"'hen you have finished this investigation, you should be able to:
1. identify and interpret eviderce that suggests mingor changes in the

v earth's crust.

METHOD:

1. Record any evidence in the area that suggests changes in the
earth's crust. Make sketches or take notes since it may not be
convenient to revisit the location.

2. Examine the additional information provided to you by your instruc-
tor about the area,and,using your field observations,draw inter-
pretations regarding crustal change.

QUESTIONS:
(A-1.11) 1. Describe any evidence for folding, tilting, or faulting
of rock strata that you were able to cbserve. From these
observations draw inferences concerning the past history

of the area.

(A-1.21) 2. What does the presence of marine fossils in rock found at
high elevations suggest to you?
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If you have the information available, you may want to wr.te the
actual depth next to the symbol. When you have plotte’ a number
of locations (30-100), you should prepare a cross sectio™ of the
area showing both the location and depth of the earthguak:
focuses. When you have plotted all your points, draw a line re-
oresenting the average depth to the focuses as you cross the
boundary between ocean and contii. 1t. Draw inferences from the
pattern that evolves.

QUESTIONS:

(A-2,11) 1. Describe the zones on the earth's surface where frequent
crustal activity can be expected.

(C-1.21) 2. If much of the earthquake activity occurs along the crust-
mantle interface, as is sometimes suggested, what can you
infer about the thickness of the crust under the conti-
nents as compared to the thickness under the oceans.

(D-1.41) 3. What correlations were you able to observe vetween earth-
quake a~tivity, volcanic activity, and mountain ranye
locations? How do you think they are related?




g s e s T e T W e T

Suppiementary Sheet

WORL.D MAP

XII-A-2a

W

18




[j Challenging (8)

XII-A-2b: JAMES HALL'S FIELD TRIP

QUESTION:

What evidence suggests magyor changes in the earth's crust?

MATERIALS :

Graph paper, supplementary sheet (map and data tanle), if possible photographs of outcrops
near each of the mapped stations if possible.

SUGGESTED APPROACH:

1. Discuss briefly .ae route along which the staticns are located and the evidence provided
of outcrops located ot the stations. (Use pictures if possibie.)

2. Have students use the data to construct a cross section of the sedimentary rock thicknesses
from Buffalo to the eastern-most station.

3. Lead students in an interpretation of the evidence relative to the objectives listed.
Through questioning, bring out the apparent discrepancy: although most of the sedimentary
rocks seem to be of shallow-water origin, the rocks are of tremendous thickness. lead
students in developing possible solutions to the problem. Emphasize the relationship be-
tween the geology of the eastern and western portions of New York State.

PRECAUTIONS:

1. Many students seem to want to start both rock Unit I and II at the surface. It may be
advisable to permit the student to do this,for he may discover on his own the fact that
two rock layeys cannot occupy the same space. Be sure that he understands that rock Unit
I extends from the surface downward and rock Unit II from the bottom of rock Unit I down-
ward, before he completes the entire investigatien.

2. The data are generalized. The units are lumped together to avoid introducing tevrminology
of formations and geclogic age. Only the current thicknesses or the rocks are included.
This omits the great thicknesses that must have been remove: during the Mesozoic and
Cenozoic eras.

3. Vertical exaggeration should be discussed. It would be valuable to have a few studerts
make their cross sections to true scale.

TYFICAL RESULTS:

-~

The cross sections will vary in appearance since students will choose different vertiral scales.
However, this should not affect interpretations. WNith guidance, students should be al.ie to
develop the geosynclinal concept of a shallow sea environment. Briefly summnarized, une pres-
sure of the sediments constantly depresses the sea bottom so that a sediment-fillec trough is
formed with deformation in the areas of greatest pressure.

MODIFICATIONS:

7. Introduce the "field trip" by tulling the history of James Hall and, if possible, shawing
slides of outcrops found along the east-west route of the trip. (See Background Infor-
mation for a possible script to such a slide set and an outline biography of Hall,)
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2, Obtain a USGS basement rock rap (cost about $3.50), and compare the cross-sectional pro-
file made in this investigation with it. You will vind a trough on the basement map in
the Eastern U. S. that corresponds with stations 9 and 10. But which came first, the
sediments or the trough?

BACKGROUND INFORMATION:

f
Teachers may wish to organize a siide field trip with script similar to this one,

James Hall's Field Trip - To Western New York State - 1838

James Hall was born in 1811 at Hingham. Mass., on the shore of Massachusetts Bay,
southeast of Boston, He spent his early years here and no doubt became quite familiar
with this salt water coastal environment.

Eventually Hall left Hingham and walked overland to Troy, N. Y., where he attended
Rensselaer College {now R.P.I.). As he made this journey through westsrn Massachusetts,
he mwust have seen these folded metamorphic rocks of Ordoyician and Cambrian age. These
rocks are between 500 and 600 million years old.

As he neared the Troy and Albany area he probabtly observed rocks 1ike these highly
folded ones located near the New York-Massachusetts line. They are of Ordovician
age, younger than thcse in western Massachusetts.

One of the problems that must have frustrated farth Scientists of this time was
the thick layers of sand.like these at Glens Falls, WM. Y., that coveraed mest of
the landscape, hiding from view the bedrock underneath. The concept of continental
glaciaticn had not yet evolved, and would not until 1850 when Louis Agassiz came to

teach at Harvard Coliege. About the only bedrock that Hall could have studied in
this area were these flat-lving limestones of Ordovician age found along the Hudson

River above Glens FfFalls.

Hall was appointed New York State paleontologist in 1837. In 1838 he organized o
field trip from Albany westward across New York State. As he moved west fror: Albany,
he probably studied slightly tipped and deformed rocks like these of Ordovician age
near Scotia, just west of Schenectady.

Across the Mohawk River, to the south, but not far from Scotia, he probably observed
rocks similar to these that dip slightly to the seuth and are of Ordovician age.

About 20 miles further west,he could have seen flat-lying rocks of Ordovician age
similar to these Timestone cliffs expesed along the Mohawk River.

As he p.oceeded west to Canajoharie he may have been puzzled by these polished and
grooved rocks that we now recognize as evidence of continental glaciation. Neudr
Herkimer he may have had opportunity to study rocks similar to these gently tipped
limestones and shales, still of Ordovician age.

In the vicinity of Utica, muddy looking, flat-lying, thinly bedded layers of shale
about 440-500 million years old may have heen observed., These rocks can be traced
intermittently westward all the way to the MNiagera Gorge at Lewiston.

Hall would not have been able to observe these younger rocks of Silurian age which
have been exposed as a result of excavation for a Physics Building on the Syracuse
University campus. These thinly-bedded, flat-lying, tan colored rocks are about
50 million years younger than those of Ordovician age which were seen near Utica,
These Silurian age rocks can be observed in outcrops from a point Jjust west of
Utica to Camillus, just west of Syracuse. One of the fossils common to this rock
formation found in the Syracuse area is the Eurypterid. Hall, a paleontologist,
probably observed many of these fossils.

As he proceeded west from Camillus, Hall no doubt studied rocks similar to these

limestones which outcrop near Batavia and are members of the Devonian period, about
375 million y2ars old. These represent some of the youngest rocks that Hall could

o0
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have seen on his trip westward.

In the Letchworth State Park area, south of Rochester, along the high banks of the

Genesee River, Hall probably did extensive studies of these Devonian age rocks
and fossils.

Ancther outcrop that Hall may have visited is this Devonian age limestone exposed
at Indian Falls on Tonawanda Creek about 12 miles west of Batavia.

Near Buffalc, Devonian age limestone can now be seen in limestone quarries where
i+ has been mined for lime and crushed rock. South of Buffalo, Hall may have
observed this Devonian age shale rock which is only about 350 million years old.

One of Hall's last stops, and one of the most fascinating was Niagara Falls, where
the falls is capped by a layer of Lockport dolostone.

To the south, the Onondaga limestone forms an escarpment which serves to stabilize
the level of Lake Erie by forming a resistant 1ip at the head of the Niagara River,

As a result of this field trip and latcr ones, Hall was tc formulate the theory of
geosynclinal mountain building for which he is best known.

REFERENCES:

Investigating the Earth, pp. 312-318, Teacher's Guide, pp. 379-385.




XII-A-2b: JAMES HALL'S FIELD TRIP

QUESTION:

What evidence suggests major changes in the earth's crust?

INTRODUCTION:

More than 130 years ago, James Hall traveied by foot and horse across
New York State collecting geologic evidence for the history of the area.
In this investigation, you will use data similar to his. You will

study photographs of outcrops taken at the data stations which range
from Buffalo to a point east of Albany.

OBJECTIVES:

When you have finished this investigation, you should be able to:

1. interpret the ancient geologic environmen: of the area between
Buffalo and a point east of Albany.

2. relate the geology of the western portion of the state to that
of the eastern portion,

METHOD:

1. Study the map, data, and information for the "field trip" route.

2. On graph paper, make a cross séction of the sedimentary rock layers
from station 1 to 10. Rock Unit I is above Unit II.

3. Discuss with other students the evidence obtained from the cross-
sectional profile and the information on the data sheet.

1A

interpret the evidence, and write a probable geologic history of
the area between Buffalo and station 10.

QUESTIONS:

(A-2.21Y 1. What evidence indicates that the sedimentary rocks graph-
ed are shallow-water in origin?

(A-2.22) 2. What could explain the extreme thickness of shallow-water
deposited sediments?

(A-1.11) 3. How do you explain the difference between rocks at sta-
tions 8-10 and those found at stations 1-67?

(A-1.. . What do you think happened to rock Unit I and II at sta-
107 Why?

o<




Supplementary Sheet XII-p-2b
JAMES HALL'S FIELD RIP

—

Lake Ontzrio

racuse
4

Thickness in leters of Sedimentary Rocks
Below Surface Along Route Shown on Above Map

Stations 1 2 3 4 5 6 7 8 9 10
Rock Unit I 900 1500 1500 1500 1500 2000 2500 0 0 ?
Rock Unit II 300 350 650 3000 33069 33C0 3000 3300 23300 ?

Adapted from: Investigationg the Earth, Teacher's Guide

Rock types found at various stations

'iagavra area - horizontal layers

Flat-lying sedimentary layers

Pocks contain fossil coral

Fassils and thin layers common

Wai'ped sedimentary layzrs -

Rocks cortorted and shattered

Rocks greatly disturbed - evidence of ignecus activity
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Difficult (2)J

XII-A-2c THE SPREADING SEA FLOOR

QUESTION:

tthat evidence sugaests major changes in the earth's crust?

SATTRIALS :

Student sheet and Supplementary Sheet.

SUGHESTED APPRUACH:

1. Discuss with the students the concept of a magnetic field and tne meaning of a mag-
netic field reversal. Ask how a magnetic field might be "preserved” in molten rock
as it solidifies.

0~

After making certain that the students understand the method, this exercise can best
w2 done as a homework assignment.

3. After completion of the assignment, discuss with the students:
A. The meaning of ocean floor spreading.
B. The rate at which it is thought to be occurring.
C. How does it relate to other theories such as the gecsyncline theory and the
continental drift theory.
PRECAUTIONS:

1. Students sometimes have difficulty realizing that the upwelling occurs along the
mid-Atlantic Ridge and spills over in both east ahd west directions. Therefore,
materials of swmilar age should be located at approximately equal distances east
and west of the ridge. The magnetic reversal pattern serves only to identify
rock units of the same age. ’

2. As in most natural systems, the movement has nct been perfectly symetrical, tne

distance the rock has drifted eastward is consistantly less than the distance it
"as moved westward, thercfore an average must be taken and used for computation.

TYPICAL RESULTS:

_ NUMBER ] 2 3 q 5 6
Distance West (km.) 40 70 80 104 118 134
Distance East (kv.) 28 42 60 74 90 | 102
Average Distance (km.) 34 56 70 89 104 118
Age From Scale(miliion yrs.} 2.8 4.4 5.6 7.1 8.4 9.5

| _Rate of Movement {cm./yr.) 1.21 1.24 1.24 1.25 1.24 1.23

The Tine drawn by the student for question 1 shouid be about 1.2 cm. tong. Africa
should have been in the indicated position (question 2) about 2.0 X 108 years ago,
2.4 X 10° km. , 105 cm.
1.2 cm. Km.
yr.

2.0 X 108 years.




XIi-A-2¢c

For question 3, correspondence should be excellent at all points used in calculation.
Short intervals may not show um on the general profile because of the amount of material
magnetized and the lack of sensitivity of the instrument.

¢

MODIFICATIONS :

Sea floor spreading and the Continental Drift Theory can be demonstrated by using the
following technique.

1. Sct up the apparatus as shown below.

/Flomfng Blocks of Pcrafifin or Soap
s

/ / "Conﬁncnfs“
A 7 " plastic
e R ey
> 7 Shoe Box

Light Fluid
Dark Fluid

Light Bulb
(held under center of

plastic shoe box but
not touching it}

Note: Pour the Tighter fluid very slowly, using a piece of cardboard to break its
velocity. Try to maintain a sharp interface between the more dense (dark fluid)
and the less dense (1ight fluid). Density of the fluids can be controlled by
storing the dark fluid in the refrigerator and the Tight fluid in a bucket of warm
water, previous to class time. -

2, Place a transparent 1id on the box with a plastic sheet attached to it and sketch the
position of the "continents" as they appear before the 1ight is turned on.

3. Observe the Tight and dark fluids fromn the sid. of the shoe box and sketch the inter-
fac? between the two.

4. Turn on the light and observe both the interface between the two fluids and the
position of the paraffin blocks. Make sketches of each at 5-minute intervals for a
period of 20 minutes.

5. Relate what you have seen to continental drift and sea floor spreading.

REFERENCES :

Allan Cox, G. Brent Dalrymple, & Richard R. Doell, "Reversals of the Earth's Magnetic
Field," Scientific American, Feb. 1967, Vol 216:2, pp. 44-54

Samuel W. Matthews & Robert F. Sisson, "Science Explores the Monsoon Sea," national
Geographic, QOct. 1967, Vol. 132:4, pp. 554-575

J.D. Phillips, "Magnetic Abnormalities over the Mid-Ailantic Range Near 27°N," Science,
Aug. 25, 1967, Vol. 157, pp. 920-922

W.C. Pitman, III, & J.R. Heirtzler, Science, Vol. 154, 1966, p. 1164




XI17-A-2c: THE SPREADING SEA FLOOR

QUESTION:

What evidence suggests major changes in the earth's crust?

INTRODUCTION:

When molten volcanic rocks cool and solidify, the magnetic minerals
in them are magnetized in the Jirection of the earth's magnetic
field. They retain that magnetism, thus serving as permanent
magnetic memories (much like the magnetic memory elements of a com-
puter) of the direction of the earth's field in the place and at
the time they solidified.

In 1906, the French physicist, Bernard Brunhes, found some
volcanic rocks that were magnetized, not in the direction of the
earth's present field, but in exactly the opposite direction.
Brunhes concluded that the field must have reversed. Although his
observations and conclusions were accepted by some later workers,
the concept of reversals in the earth's magnetic field attracted
1ittle attention. In the past few years, however, it has been
definitely established that the earth's magnetic field has two
stable states; it can point either toward the North Pole, as it
does today,or toward the South Pole, and it has repeatedly
alternated between the two orientations.

Using a combination of magnetic reversal and atomic dating, we
shall attempt to make a model of the earth's floating crust. The
,ift in the Mid-Atlantic Ranges seems to be a place of upwelling so
we will concentrate on it. The research vessel Chuin of the
Woocs Hole QOceanographic Institute made crossings 5f the Mid- _
Atlantic Ridge in 1966, using an instrument which shows intensity 7
and direction of the magnetic field produced by the rock on <he
ggean f}oor. The profiles produced by the Chain are shown in
igure 1.

Using radivactive dating techniques (principally potassium-argon),

volcanic rocks of the ocean floor in this area were given specific
ages. The rock ages are shown in Figure 2.

OBJECTIVES:

When you finish this investigation, you should pe able to:

1. interpret evidence that suggests that =t least portions of the
earth's crust are mobile.

2. given appropriate data, determine a rate of movement of & crustal
area.

| 54
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METHOD:

1. Draw a single vertical 1ine through the first peaks to the west
of the main rift in the magnetic profile (Figure 1). Read the
distance from the main rift on the scale at the bottom of the
page (1 mm. = 2 km.), and record it in the data table below.

PEAK NUMBER T [2 [ 3 14 [65 [6
Distance West (km.)
Distance East (km.)
Average Distance (km.)
Age from Scale (million years)
Rate of Movement (cm./yr.) |

2. Repeat step 1 for each set of peaks vou see to the west of the
rift, and record under 2, 3, 4, 5, 6.

3. Repeat for each set of peaks east of the rift and record under
1, 2, 3, 4, 5, 6. -

4. Find the average distance from the Mid-Atlantin Ridge to each
magnetic peak.

5. Using the Time Scaie (Figure 2), find the age of the rock at
each average distance. Record it on the chart.

6. Assuming that the rock has moved from the central ridge,
calculate how many cm./year it moved and complete Chart A.

QUESTIONS:

(A-2.41) 1. Describe the age of the nonsedimentary rock found
near the oceanic ridge relative to that found farther
from the ridge. , '

2. Draw a line that represents the amount of movement
which nccurs on one side of the Mid-Atlantic Ridge

in one year.

3. If the distance from Africa to the Ridge is 2400 km.,
how long ago was Africa over the ridge?

% 4. Below is a Polariiy Reversal Time Scale devised by
scientists. Does the polarity of your calculated
model correspond to this at all points? (Lined areas

65
ERIC
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are Normal Polarity; white areas are Reversed Polarity.}

F', /
6 8 10 Million Years

lexJ;itt[L;LJ[};LL[JLJL‘LL& LJ

/,

0
l

N\

- AN

5. Explain in your own words how the work you have done
in this lab could lead you to believe in a floating
crust theory. '

ERIC

Full Tt Provided by ERIC.




SUPPLEMENTARY SHEET X1I-A-2¢
FIGURE 1: ROCK POLARITY ACROSS THE ATLANTIC

.
QM_A\/VU \N/

Normal

Pojarit
i ”
JU V \ Reversed

Polarity

. —— mat—_— \r— vrlp— o—— ——— ot s

Crossing #2

Crossing #3 V\j TI U W’VU =
|
-

_ . SCALE_OF | KILOMETERS _
150 km, 100 50 0 50 100 150 km.
—<— WEST FROM RIDGE EAST FROM RIDGE —>=

FIGURE 2: ROCK AGE DETERMINATION SCALE

KILOMETERS FROM THE MID-ATLANTIC RIDGE 150
50 . 100 ]
‘lgr‘ ‘n { l' 'l‘ 'l N | l'[‘gtL
| ; ! 1
0 AGE OF ROCK IN MILLIONS OF YEARS 12
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Challenging (2)

XII-B-2a: LOCATION OF AN EPICENTER

QUESTION:

What are some preperties of earthquake waves?

MATERIALS:

Seismogram recordings of the same earthquake from three different stations, graph paper,
globes, drawing compasses or stiting and marking crayons.

SUGGESTED APPROACH:

1. UJiscuss with students the characteristics of and the differences between P- and S-waves.

2. Discuss with the students the operation of the S- and P-wave time-travel graph (Supplemen-
tary Sheet #1).This may pose some difficulty to the students,so make sure they understand
Tully how to use it. (See Background Information,)

3. Let them "read" the seismograms and,after having determined the distance to the epicenter
for the three stations, let them attempt to locate the e?icenter. The tatter can be
accomplished by constructing intersecting circles on a globe with radii equal to the
distances from the epicenter. Tie intersection cf the circles will locate the epicenter.
Circles can be drawn either using a compass or string.

PRECAUTTONS:

1. Students may have difficulty drawing the circles on the glotes and also in understanding
the geometry behind this technique. Some assistance may be needed here,

A globe is best for this juvestigation, since only a small area on a flat projecticn can be
used without getting involved with distortion,

TYPICAL RESULTS:

Because the technique for constructing the circles is difficult to carry out with accuracy the
circles will probably not intersect at a point but rather will indicate a small area, the center
of which can be assumed to be the location of the epicenter.

MODIFICATIONS:

Provide seismograms from cities within the U, S. for ar earthquake whose epicenter is also
located within the U, S. It should then be possible to use a map instead of a glabe for locat-
ing the epicenter.

BACKGROUND INFCRMATION:

The S- and P-wave Time-travel Graph has been constructed by plotting S~ and P-wave arrival
times, measured at recording stations around the world, versus the known distance of the
epicenter from the station receiving the waves, Because the stations were different distances
from the epicenter and since the P-wave travels faster than the S-wave, the time gap between
arrivals increases with increasing distance from the epicenter.




XII-B-2a: LOCATION OF AN EPICENTER

QUESTION:

at are some properties of earthquake waves?

INTROBUCT ION:

If an earthquake is of sufficient magnitude, the shock will be felt
hundreds of miles away. Most earthquakes, however, can only be feit
close to the epicenter if at all. Geologists use an instrument called
a seismograph to detect earthquakes. This is very sensitive even to
woak shocks. From the recorded information of a seismograph, scien-
tists are able to tell how far away the earthquake occurred. When the
information from stations in different locations is compared, they!can

determine the location of the epicenter. ;
g

OBJECTIVES:

When you have finished this investigation,you should be able to:

1. Determine from a seismogram the P- and S-wave travel time differ-
ence, and with a graph of time vs. distance traveled, determine the
distance of the recording station from the épicenter.

2. locate the epicenter of an earthquake given the distances of three
recording stations from the epicenter.

METHOD:

1. Observe the P- and S-waves on the seismograms (Supplementary
Sheet #2). Determine the difference between the arrival times of
the P- and S-waves on each graph in minutes and seconds.

2. Position a sheet of paper along the time axis of the S- and P-wave
Time-travel Graph (Supplementary Sheet #1) and make two marks on
the edge representing the P- and $- arrival time difference mea-
sured at one of the stations. '

3. Slide the paper along the P- and S- curves, keeping the marked
edge parallel to the time axis, until the distance between the
curves matches the two marks on the edge of the paper (see diagram).

4, Make certain the paper edge is still parallel with the time axis,
and then follow the edge down until it intersects the distance
axis. The reading at that point will represent the distance the
seismograph station was from the epicenter of the earthquake.

o9
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Time
- difference
}2 min,

e

Travel Time (min,)

NEEE XL
Dist. (km.)

Distance from ’///
epicenter 7 km

5. Repeat the above process for the other two seismograph stations.

6. You now know the location of the three seismograph stations and
the distance each is from the earthquake eipcenter. Now devise
a method for locating the epicenter on a globe.

QUESTIONS:

(B-1.11} 1. Describe the two major waves that move outward from an
earthquake epicenter. :

(B-2.11) 2. If the difference in arrival times of P- and S-waves at
a station is 4.6 minutes, how far from the epicenter 1is
the station?

(B-2.21) 3. If a station situated 4000 km. from an epicenter receives
a P-wave at 3:20 p. m,, what time did the earthquake
actually occur?

(B-2.11) 4. Why is the travel-time graph applicable for all earth-
quakes? What assumptions must be made?

5. Why was it necessary to know the distance from the epi-
center for at least three recording stations to be able
to locate the epicenter?

(B-1.21) 6. If both the S, shear, wave and P, compressional, wave

were traveling through the same medium, which would have
the greatest velocity?

. B0
ERIC
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Supplementary Sheet #2 X11-B-2a
SEISMOGRAMS

f;MWMMMMWMML

21 min, Quetta, West Pak1stan 30 min. \)

p o S
— v
1_illlliLllLl!
21 min, Balboa Heights, Canal Zcne 30 min.

— M/V\'W\A\MW | i

i } | } ] [
21 min. Florissant, Missouri 30 min. V

Adapted from:

Investigating the Earth, Laboratory Manual
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Challenging (2

XII-D-la: FIELD TRIP THROUGH THE MOUNTAINS

QUESTION:

What inferences can be drawn about the processes which may cause crustal changes?

MATERIALS:

Student handout sheets, including the supplementary sheet; Rocky Mountain or Sierra Nevada
Field Trip kits, available from several suppliers (opitional but recommended).

SUGGESTED APPROACH:

1. Show filmstrip or slides for Rocky Mountain or Sierra Nevada Field Trip. Advise students
to take notes of interesting features. (Commentary may be taped to maintain pace and save
you from trying to read in the dark,)

2. Make certain the students understand that all predicted curves are based on the assumption
that the crust material is composed of granite and that at a constant depth of 20 kilometers
below sea level there is a crust-nmantle interface. The mantle rock represents a more
dense form of rock than the granite crust.

3. Have the students complete the graphs by plotting in the actual measured data for each of
the curves.

4. In post-lab, discuss the interpretations of the graphs. Assist the students in reaching

the conclusion that the mountains must have "granite roots," and that a constant crust-
mantle interface at 20 km. below sea level is improbable.

MODIFICATIONS:

1. Sierra Nevada Field Trip - Use the commercial slide kit, and have the students prepare
their graphs from the tables below

Distance Elevation Predicted Ubserved
in in Gravity bravity
Location Kilometers Meters cm./sec.? cm./sec.?
Point Lobas 0 0 §79.9 980.2
Near Carmel 5 120 97¢.9 980.1
Near Salinas 18 17 979.9 979.7
Near San Juan 24 170 §79.9 979.8
West of San Juan 30 70 979.9 979.6
Near Hollister 46 100 979.9 979.6
Diablo Range 89 830 979.7 979.8
Cen. Valley 105 30 979.9 979.7
Sierra Foothills 118 83 979.9 979.7
Mother Lode Reg. 132 730 979.7 978.4
Yosemite Valley 163 2600 979.1 978.4
Tuolme 177 3300 978.8 977.6
Tioga Pass 197 3300 978.9 977.6
Mono Lake Area 21 2170 979.2 977.5

a) Data show acceleration of gravity along the route b&sed on the assumption that accel-
eration of gravity if 979.908 cm./sec.? at 37°N latitude, and that there is a decrease
of 0.0308 cm./sec.? per 100 meters of elevation.

b) Data are based on the assumption that the crust-mantle ._undar- iz at 35 km. below sea
level.

REFERENCES:
Investigating the Earth, p. 345, Teacher's Guide, pp. 421-433, '65 ESCP vaxt pp. 14.21 to 14,24
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XI1-D-1a: FIELD TRIP THROUGH THE MOUNTAINS

QUESTION:

What inferences can be drawn about the processes which may cause
crustal changes?

INTRODUCTION:

©

ERIC

Aruitoxt provided by Eic:

Gravity

In this age of space exploration and moon landings, it is difficult to
realize the extent of man's lack of knowledge concerning the interior
of the earth. We have never sampled the mantle rock which lies below
the relatively thin granite crust of the continents. Qur knowledge of
the nature of this mantle material and its location is based on in-
direct evidence such as gravity and heat flow measurements.

Gravity Measurement:

Your bathroom scale is actually a gravity-measuring device. The great-
er the gravitational pull on you, the more the spring in the scale will
compress. Geologists use a very sensitive meter to measure extremely
smail changes in the pull of gravity. They have found that these smali
changes in gravity are related to ihe density of the rocks under the
surface. Refer to the diagram below.

2 EN
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[l (1 B =

= é-’ |

Distance Distance
W
Low density rock High density rock
IR

)

A Wy

\)
/ fea . 7
L& High density rockoR Low density rock

Rock cross section Rock cross section

Heat Flow:

Although the sun is the primary source of energy at the earth's sur-
face, small amounts of heat radiate from the earth's interior., Some
of this heat is thought to be produced by the radioactive decay of
atoms found in the nonsedimentary rock called granite. If this is the
case, you would expect slightly more heat flow to occur in areas under
which the rock granite is found.

With this informaticn, you are now ready for a field trip through the
mountains,

- 64
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OBJECTIVES:

When you have finished this investigation, you should be able to:

1. describe how mountains affect the thickness of the earth's crust.

METHOD:

1. Observe the pictures that your teacher has provided for you.

2. Observe the graph of the area (supplementary sheet) over which
your field trip has extended.

3. Plot on the graph the actual measured values given in the table

below.
“Distance trom

Location Grand Junction Gravity Heat Flow
Bird City 600 km. 978.78 cm./sec.2|4.2 cal./am.2 yr,
Joe's 500 .80 4.3
Last Chance 420 .80 4.5
Denver 310 41 5.8

? 290 .32 6.0
Idaho Springs 260 .21 6.9
Silver Plume 235 .11 7.1
Loveland Pass 225 .09 7.4
Vail Pass 200 .12 6.9
Vail 180 14 6.5
Glenwood Springs 90 .25 4.3
New Castle 70 . .32 4.5
Grand Junction 0 .59 5.0

4. Draw inferences concerning the depth to the crust-mantle interface
based upon your interpretation of the graphs.

5. If you do not agree with the constant 20 km. below sea level as it
js drawn on the cross section, sketch on the graph sheet a crust-
mantle interface as you think it should be.

QUESTIONS:

1. Why is there a gravity “low" over the mountains even with
a constant depth crust-mantle interface? Why a heat flow
high?"

2. What kind of a pattern for gravity and heat flow would
you expect if the mountain had deep granite roots?

3. How does the actual measured pattern compare with your
deep root prediction?

; .
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How does the thickness of the crust under mountains
compare with the thickness in adjacent areas?

Relate the position of the granite mountain in the more
dense underlying rock to the position of a floating piece
of wood in water.

Describe a mountain building model that would explain the
data observed ih this investigation.

What relationships can you observe between the pictures

taken along the field trip route and the scientific data
gathered?
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TOPIC XIII -~ INTERPRETING GEOLOGIC HISTORY

How Can Geologic Hislory Be Inlerpreled?

Time Emphasis: 15 days

mOolol olo K= ]_
INVESTIGATION I lTl T iTINT
s il I MO OQIO O b
[§8]
Estimated Time (Periods) 2 11 loghiglslyle 1"

A. Geologic events

A-1 Sequerce of geologic events How Can the Order in Whieh (eolegie Lvente Cccur-
red Be Determineu?

A-1.1 Chronology of tayers  A-1.11 | I 1 B

A-1.2 Igneous intrusions, and -
extrusions A-1.21 r—- [ ﬁ

A-1.3 Faults, joints, and

folds A-1.31 - T
A-1.4 Internal characteristics A-1.4} —}
A-1.42 R

B. Correlation techniques

B-1 Correlation How Can Rocks and Geologic Events in Ome Place Be
Matehed to Another?

B-1.1 Continuity B-1.11
B-1.2 Similarity of rock B-1.21
it B-1.3 Fossil evidence B8-1.31
: 8'1032
5
2 B-1.33
E B-1.4 Volcanic time markers B-1.41
= B-1.5 Anomalies to correlation B-1.51 1

C. Determing geologic ages

€-1 Rock record What Does the Rock Record Suggest About Geologic History?
C-1.1 Fossil evidence c-1.11 o 1T
C-1.2 Scale of geologic time ¢-1.21
€-1.22
C-1.23
C=1.3 Erosional record C-1.31
C-1.4 g;e‘g;ogm history of an c1.a1 . ‘ _,]
C-2 Radiocactive decay How Can Geologic Ages Be Measured by Using Radicactive Decay?
C-2.1 Decay rates C-2.11 ' T’
€-2.12
€-2.13
C-2.14
Ce2.2 Half lives C-2.21
c-2.22 o
C-2.3 Decay product ratios C-2.31 | lu
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TOPIC XIII - INTERPRETING GEQLOGIC HISTORY continued
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Challenging (2)

XIII-A-la: GEOLOGIC HISTORY OF N.Y.S.

QUESTION.

How can the order in which geologic events occurred be determined?

MATERIALS:
1. Student handout sheets and supplementary sheet.
2. Optional materials include:
a) Educational leaflet #20, Geology of N.Y.S., a short account.
b) N.Y.S. road map
c) Slides or photographs of rock outcrops and surface features along each ore of the

cross-sectional roudtes

SUGGESTED APPROACH:

1. Ask the students to study the N.Y.S. geologic map for the particular symbols used, scale,
etc. Ask the students to suggest possible cross-sectional models that would explain the
pattern of rock outcrops observed on their geologic map.

2. Have students determine over which rock layers they would move if they traveled from 0lean
to Buffalo, and from Binghamton to Syracuse to Watertown.

3. Have the students examine the Geologic Structure Section (see supplementary sheet #1). Be
sure they understand the symbols used and the concept of a structure diagram.
PRECAUTIONS:

1. Make certain students understand that the cross-sectional diagrams have an exaggerated
vertical scale.

2. The crogs”éections are drawn to a larger scale than their geologic maps.

e

mmFmATmﬂs:

1. Use New York State locations other than those suggested above. If at all possible, use
your own location.

2. See Investigation 20-1, Investigating the Earth, 1965 edition. (paperback).

3. Give students necessary data, such as dip of bedrock, elevation of outcrops, direction of
dip, type of bedrock, etc., and have them construct a structural cross section.
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Have the students use stereo pairs of photographs, and,on a transparent plastic overlay,
have them trace a particular formation along its outcrop. This would be similar to walk-
ing the outcrop. This can be done in one of the sterec booklets available from several
suppliers.

If the stereo-pair booklet is not available, irdividual stereo pairs may be obtained from
the Map Information Office, U.S. Geological Survey, General Services Administration
Building, Washington, D. C. 20242, at a cost of $1.00 per 9"x9" photograph. The follow-
ing are recommended:

Arizona set #4 - consisting of 3 photos
Wyoming set #7 - consisting of 2 photos

For other possibilities, refer to U. S. Geologic Survey Professional Paper #590, Selected
Aerial Photographs of Geologic Features in the U. S.

REFERENCES:

1.

Geology of New York, Educational Leaflet #20, New York State Museum and Science Service
(this includes both a descriptive text and a geologic map; cae copy is free to each New
York teacher who requests it, (additional copies are $1.§.

For information regarding the following areas: Watkins Glen, Niagara Falls, Cayuga and
Keuka Lakes, Lake Ontario, see Problem Book and Teacher's Guide, SRA, Inquiry Development
Program in Earth Science.
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XIII-A-Ta: GEOLOGIC HISTORY OF N.Y.S.

QUESTION:

How can the order in which geologic events occurred be determined?

INTRODUCTION:

What type of bedrock is beneath the soil you walk on? How old is it?
How did it form? How far would you have to go to find a different
kind of bedrock? In which direction?

OBJECTIVES:

When you have finished this investigation,you should be able to:

1. determine from a geologic map the type of bedrock present at a
given location, and relate a subsurface cross section to it.

2. deduce, from the type of rock present, a general geologic history
of the area.

METHOD:

1. Study your geologic map of New York State carefully, (See Student
Reference Tables,) Determine the meaning of all symbols used as
well as the scale.

2. Study the Geologic Structure sections on the Supplementary Sheet.
On the Diagram %next page), the points A, B, C, D, etc., are posi-
tioned for you. They are not drawn to the same scale as your
geologic map.

3., Locate on your geologic map the general positions of lines: A-B-
C-D, E~F, and G-H (If you wish to draw them on your map, use a
lead pencil so the lines can be removed.)

4. A New York State road map may be helpful in locating some of the
towns mentioned.
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QUESTLONS:

1. If you could drill a hole at Binghamton, what rock layers
would you pass through? List them in order of age. How
do you know?

2. Approximately how thick is each of the layers listed in
the answer to question one? How do you know the thick-
ness of the top and bottom layers?

3. Does the area between Binghamton and Syracuse have the
same geologic history as the northeastern part of the
State? The same rock type? Which area is older? Explain.

(B-1.11) 4. If you walked along the banks of the Mohawk River, where
would you find outcrops of Ordivician rock? Of Silurian
rock?

(A-1.31) 5. Note the arrows near Dolgeville on cross section (G-H).
What do they represent? What is their age relative to
the rocks in which they are found? Explain,

(8-1.11) 6. How could you trace the extent of a particular rock layer,
for the purpose of drawing a geologic map of an aiea?

. 74
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XII1I-A-1a

(B-1.21) 7. What evidences would you use to determine if vou were on
the same rock layers as you traveled along a route?

(B-1.33) 8. Certain fossils, such as, favosites which are found main-
ly in Silurian rocks of New York State are also found in
other parts of the world. What does this suggest about
the rocks in these other areas?
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GEOLOGIC STRUCTURE SECTIONS

Supplementary Sticct #1
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SUPPLEMENTARY SHEET #2 XIII-A-la

LIST OF GUIDEBOOKS AVAILABLE FROM
NEW YORK STATE GEOLOGICAL ASSOCIATION

Information on Field Guidebooks

Please understand that the Association is not in the publishing business and that the Office of the
Permanent Secretary has no salaried staff but operates free-ot-charge as a service to the geological
profession.

Financial transactions, therefore, must be kept at a minimum.

Orders for guidebooks (see listing of contents) will be filled postpaid upon receipt of cash, check,
or money vrder made payable to Philip C. Hewitt, Secretary, New York State Geological Association, State
University College, Brockport, New York, (see price 1ist below). Please order by year of publication.

1957 through 1965 quidebookS.cveee... $2.50 per copy
1966 and 1967 quidebookS......cecee.. $3.25 per copy
1968 QuideboOKessssreesaesanrsoness.s $6.00 per copy

e At A S ST G S W A S R D T R VR AN SN 0 O D N e G O s Sy kW P G G S N g Y M W S e v G D D e G D SN G G G G G G G G S S S 0 A D G A A SR D G A S D 0 e R AP A SR P D O R W o OB D D 6B O R R

NOTE: The Association maintains a nearly complete permanent file of field notes and guidebooks of the
Association Mc-tings (1925 to present) which may be consulted by interested parties at the Office
of the Permanent Secretary, Department of Geology and Earth Science, State University College at
Brockport, New York 14420.

List of Field Guidebooks

1957 29th Annual Meeting, Wellsville, N.Y. (N.Y. State Geological Survey) $2.50
(60 printed pages, 3 fold-out maps)

1958 30th Annual Meeting, Peekskill, N.Y. (The City College of N.Y.) 2,50
Field Trips and Pertinent Articles: (62 printed pages,
7 fold-out maps)

1959 31st Annual Meeting, Ithaca, N.Y. (Cornell University) 2.50
(48 printed pages)

1960 32nd Annual Meeting, Clinton, N.Y. (Hamilton College) 2.50
(66 printed pages, 3 fold-out maps)

1961 33rd Annual Meeting, Troy, N.Y. (R.P.I.)} 2.50

(101 printed pages)

1962 34th Annual Meeting, Port Jervis, N.Y. (Brooklyn College) 2.57
{81 printed pages, 4 fold-out maps¥

1963 35th Annual Meeting, Binghamton, N.Y. (Harpur College) 2.50
(98 printed pages, 5 fold-out maps)

1964 36th Annual Meeting, Syracuse, N.Y. (Syracuse University) 2.50
(126 printed pages, 1 fold-out map)

1965 37th Annual Meeting, Schenectady, N.Y. (Union College; 2.50
(122 printed pages, 2 geclogic color maps

1966 38th Annual Meeting, Nfagara Falls, N.Y. (State Univ. of N.Y. at Buffale) 3.25
(139 printed pages)

1967 39th Annual Meeting, Newburgh, N.Y. (State University College at New Paltz) 3.25
(150 printed pages, 3 fold-outs with map & sections)

1968 40th Annual Meeting, Flushing, N.Y. (Queens College, City University of N.Y.) 6,00
(253 printed pages, 5 fold-out maps)
1969 41st Annual Meeting, Plattsburgh, N.Y. (State uUniversity College)

1970 42nd Annual Meeting, Cortland, N.Y. (State University College)

(i

4




Easy (1)

XIIT-A-1b: GEOLOGY OF THE GRAND CANYON

QUESTION:

How can the order in which geologic events occurred be determined?

MATERIALS:

Student sheets, siides, maps, plastic models, stereo aerial photographs, and/or fossils
of the Grand Canyon.

SUGGESTED APPROACH:

1. Discuss terms such as intrusion, unconformity, fault, etec.
2. Slides or filmstrip of Grand Canyon may be shown {f available.

3. Pemit students to complete the lab as a homework assignment.

PRECAUTIONS:
1. The Grand Canyon 1s such a vast area that you should center student attention on
only portions of 1t at any one time. They can be successful in interpreting single
events, but do not ask them to interpret the history of the entire Canyon all at once.

2. ‘e prepared to help, by questioning, students who quickly become “lost" in the
complexity of the Canyon.

3. Encourage students to constantly relate back to the materials used in step 1 while
answering the questions.

BACKGROUND INFORMATION:

At the base of the Grand Canyon is the Vishnu Schist, a sedimentary-derived rock. The
first step was probably the deposition of sediments in & shallow sea. The thickness of
the material 1s estimated to exceed 5 miles. Based on studifes of the rock's composition,
the rate of deposition approximately equaled the rate of subsidence in the depositional
basin. The Vishnu materials were further buried deeply enough to initiate metamorphism
of the materials along with associated volcanic activity.

Uplift, as at least daformation of the crust, caused the metamorphism to be completed.
At this time, igneous intrusions and/or recrystallization produced granitic material.

Uplift and succeeding erosion produced a peneplane-like surface, Next, subsidence and
deposition resulting in the Grand Canyon series, more than 12,000 feet thick, occurred.
In turn, these were uplifted, block faulted, and eroded.

Submergence and deposition occurred repeatedly to produce the varfous unconformities
that appear in the layers.

As a "final" step, the Colorado River eroded a channel, and as uplifting continued, the
river g:eam; entrenched and the canyon deeper until the present depth of more than 1 mile
was achieved.




XIII-A-1b: GEOLOGY OF THE GRAND CANYON

QUESTION:

How can the order in which geologic events occurred be determined?

INTRODUCTION:

One of the foremost tcurist attractions in the U.S. today is
Grand Canyon.
wonder, too large for the mind to comprehend. To the 2arth
scientist,it reprasents one of the best examples of geologic
history in the world.

On the upper levels of the canyon, normal seasonal changes a
observed, while on the canyon bottom the climate remains the
the year around.

The exposed rock ranges from Precambrian age through Paleozo

Mesozoic to Eocene.
inviting and forbidding, peaceful, and violent.

OBJECTIVES:

When you finish this investigation, you should be able to:

1. determine relative ages of rocks and make inferences abo

the geologic events which produced them.
METHOD :

Examine the diagram below and answer the following questions
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QUESTIONS:

(A-1.11)

(A-1.21) '

(A-1.21) 2.

(C-1.31) 3.

(A-1.31) 4.

(B-1.11) 5.

(B-1.21) 6.

(B-1.31) 7.

(B-1.41) 8.

XIII-A-1b

Which rocks are older, the sedimentary or nonsedimentary
ones? Explain.

What is the age of the intrusive rocks relative to the
rocks surrounding them?

What does the irreqular surface between the sedimentary
eand nonsedimentary rocks suggest?

Notice the arrow indicating movement along a fault. What
is the age of this fault relative to the Precambrian rocks?
To the Cambrian rocks?

If you wanted to trace the boundary of Triassic rock in
order to draw a surface map, how could you do it?

How could you determine if a rock at a particular eleva-
tion on one side of the canyon was the same as one at an
identical elevation on the other side?

In which rocks would you most 1ikely find fossils? In
which ones would they most likely not be present?
Explain.

From the diagram, and your knowledge of earth science,

give a brief geologic history of this particular region
of the Grand Canyon,
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Easy (.5}

KIII-B-1a:  FOOTPRINT PUZZLES

QUESTION:

How can rocks and geologic events in one place be matched to another?

MATERIALS:

Student sheet containing first section of fossil footprints, transparencies containing
entire puzzle which can be blocked out in sections. (See Supplementary Sheet #1)

SUGGESTED APPROACH:

i

. As a homework assignment, give students the first section of the footprint puzzle.
Ask them to interpret what might have taken place to result in such footprints and
whether they can tell anything about the size or type of animals that made them.
Do not mention that there is more to come until the second day when the rew-found
evidence is introduced.

2. Remind students that the paleontologist is a type of detective who tries to recon-
struct the past,and,in deing sqg he forms a number of hypotheses, the best of which
are supported by the greatest amount of evidence. Use a transparency of the home-
work section of footprints, and have students describe their interpretations and
their evidence.

3. Show a transparency of the second portion of the footprints, and ask if anyone wants
to modify his interpretation or has evidence for a new one.

4. Project the completed puzzle,and ask for completion of the intsrpretation. Accept
any reasonable interpretation that is consistent with all the evidence. Encourage
students to criticize each other's interpretations and to defend their own with
evidence. Remember, there is no one right answer.

5. Remind the students of I-A-1b - Puddle Qbservations.

PRECAUTIONS :

1. Do not reproduce Supplementary Sheet #1 for student use.
2. Do not prejudice students toward accepting one interpretation as the correct one.

3. Be sure students make interpretations that are directly derived from the data and
are consistent with them.

4. If you feel it is important for students to realize they are working with dinosaur

footprints you may have to tell them so. Most students seem tc favor birds unless
reminded of the age or told a size scale.

TYPICAL RESULTS:

A class can develop several hypotheses that are defensible. Some examples are enemies

fighting, a mother picking up a baby, one of the animals flies away, and the tracks have
been made at separate times.
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MODIFICATIONS:

Have students:

1. Make casts and molds of present-day animal tracks.

2. Interpret present-day animal tracks.

3. Make their own tracks in as many different ways as possible (running, hopping,
crawling, skipping, etc.),and present them to each other as puzzles.

REFERENCES:

Tnp oo/ ating the Earth, p. 416, Teacher's Guide, pp. 522-523, 525-527

N




XIII-B-T1a: FOOTPRINT PUZZLES

QUESTION:

How can rocks and geologic events in one place be matched to another?

INTRODUCTION:

The scientists who study fossils, paleontelogists, are like detec-
tives, trying to reconstruct the geologic past from scattered clues
and incomplete evidence. Like detective work, the clues and evi-
dence always can be interpreted in more than one logical way;

there are only better and worse hypotheses, not right and wrong
cnes. In this investigation, you will work with a set of fossil
footprints and, based on the evidence, hypothesize the action that
might have taken place to produce them.

OBJECTIVES:

When you finish this investigation, you should be able to:

1. interpret the footprints as a record of some event that occurred
in the geologic past.

2. describe a probable action occurring during the event.

METHOD

1. Study the fossil footprints. Write an interpretation of what
may have taken place.
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XITI-B-1a

QUESTIONS:

1. What kind of animals do you think made the footprints?
How big were they? Why do you think so?

2. What event occurred that caused the footprints? Why
do you think so?

3. Could any other events have cauced the footprints? Why?

(B-1.32) 4. What sort of environment do you think this was at the
time the footprints were made? Why?

(B-1.31) 5. Were the footprints found in sedimentary or nonsed-
imentary rock? Explain.
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Supplementary Sheet #1 XIII-B-1a

Adapted from: . .
[rorotigating the Earth, Teacher's Guide
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Challenging (1.8)

XIII-C-la: GEOLOGIC TIME LINE

(UESTION:

what does the rock record suggest about geologic history?

MATERIALS:

Adding machine tape, at least 5 meters long per student, Tist of evénts and ages of
things in the geologic past (see Supplementary Sheet), and meter sticks.

SUGGESTID APPROACH:

1. Briefly discuss the expanse of geologic time with the students. Ask them how a
model could be constructed to represent the expanse of geologic time.

2. Give the students the list of events and ages,and instruct them to make a time line
that will include every item on the list., Suggest that they decide on the scale
they want to use before making any marks on the adding machine tape. If any
students want more or less than 5 meters of tape, allow them to have it.

3. Have the students compare their time lines; this can be done easily by lining up the
lines on the floor or taping them to the wall., Discuss with them any guestions or
problems resulting from the time line.

4. If possible, permit the students to use an area of the gym or corridor so they can
get a better idea of the relative lengths of time.

5. In postlab, impress upon the .tudents ideas such as:
A. man's recent arrival upon the scene

B. the long periods which were apparently "lifeless,” or at least left few or no
fossils

C. there are popular misconceptions such as the cave man living during the age of
dinosaurs

PRECAUTIONS :

1. Some students have a great deal of difficulty establishing a scale and marking it on
the tape. Check every student after the first few minutes of work.

™~

Don't turn this into an art project. However, neatness and accuracy should be encouraged.
3. Allow enough time at the end of the period to roll up the longer strips of paver.

4. The teacher may want to update the chart yearly to keep the numbers accurate.

TYPICAL RESULTS:

Unless students are careless, most of them should have their tapes scaled correctly and
most of the items placed correctly on the time line. Many will have difficulty with
the more recent dates and will want to change their scales so that they can fit in
everything. You might ask several students to determine how long a strip they would
need in order to fit everything on it. In some cases, it may extend to over 30 meters.
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MODIFICATIONS:
1. If you have includec astronomy in your course, you may want to have students make a

double-scaled time line and on the second scale place astronomical objects and their
estimated distances in light-years.

REFERENCES:

Mmwestigating the Earth, pp. 384-387, Teacher's Guide, pp. 475-478




QUESTION:

XIII-C-la: GEOLOGIC TIME LINE

What coes the rock record suggest about geologic history?

INTRODUCTION:

Most of the geologic events we have studied happened a very
Tong time ago, but it is difficult for most of us to comprehend

the

vastness of time that has passed since these events occurred.

In this investigation, you will make a geologic time line which

will

help you to visuaiize the relationship of these past events

to present events in geologic time.

OBJECTIVES:

When you finish this investigation, you should be able to:

1.
2.

construct a time 1ine which includes these dates.

compare the existence of living things on the earth with
the entire extent of geologic time.

compare man's existence on the earth with the entire range
of geologic time.

METHOD :

i.

Examine the 1ist of events and ages. Determine a scale for
your time line and obtain a section of add1ng machine tape
long enough to include all the events,

Plot the time line according to your scale. Include all the
listed events.

Plot the geologic eras (e.g. Pre-Cambrian, Cambrian, Ordivician,
etc.) using your reference table as a source of information.

Compare your time line with those of others.

QUESTIONS :

(C-1

(C-1

(c-1

ER&C

Aruitoxt provided by Eic:

.23) 1. How does man's existence on eartnh compare with
the duration of geologic time?

.22) 2. For what percentage of time has tnere been evidence
of 1ife on carth?

3. Did you have difficulty plotting any of the events
on the list? Why?

11) 4. What information. prior to recorded knowledge, was
used to place the events in geologic history in order?
Before this information can be used in this manner,
what ideas or concepts must be accepted? Exp'ain.
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SUPPLEMENTARY SHEET
Geologic Time Line

1. Inferred age of the earth (based 4.5 X 102 yrs. (before
on meteorite and moon rock the
evidence) present)

2. 0ldest rocks found on earth 3.3 X 102 yrs,

3. Carbon from plants (algae) 2.6 X 10% yrs.
Rhodesia

4. Fungi - Canada 1.7 X 10°% yrs.

5. Early sponges (archaeocyathids) 6.0 X 108 yrs.

6. Ostracoderm (jawless fishes, 4.8 X 10° yrs.
earliest vertebrate)

7. Coal age forests and Appalachian 3.3 X 10% yrs.
Mountains

8. First mammal-like reptiles 2.25 X 108 yrs.

9. Rise of dinosaurs 2.0 X 108 yrs.

10. First birds (Archaeopteryx), 1.5 X 10° yrs.
huge dinosaurs

11. Dinosaurs died, Rocky Mountains 8.0 X 107 yrs.
rose

12. Modern mammals, first horse 5.0 X 107 yrs.
(Hydrachotherium) |

13. The Great Plains, elephants come 1.8 X 107 yrs.

to North America

14. First man (Homo habilis) - Africa 1.72 X 10° yrs.
15. Last U.S. continental glacier 1.0 X 10" yrs.
16. Beginning of Julian calendar 1.974 X 103 yrs.
17. Mt. Vesuvias destroys Pompeii 1.891 X 10° yrs.
18. Columbus discovers America 4.78 X 10% yrs.
19. Galileo's first telescope 3.61 X 10% yrs.
20. American Civil War 1.00 X 10% yrs.
21. First U.S. satellite in orbit 1.2 X 10° yrs.
22. Man lands on the moon 1.0 X 10° yrs
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pifficult (1.:) )

XIII-C-1b: CORRELATING ROCK OQUTCROPS

QUESTION:

What does the rock record suggest about geologic history?

MATERIALS :

Student handout sheets and Supplementary Sheets #1 and #2, one Earth Science Curriculum
Project Basic Fossil set for each group of two or three students (optional), appropriate
real fossils {optional).

SUGGLSTED APPROACH:

1. Ask the students how they might correlate, in terms of relative age, rock outcrops
found in widely scattered areas.

2. Develop the concept of "index fossils" and how they are used to correlate rock units.

3. If you have the basic fossil sets available, allow the students time to become
familiar with the appearance of their "index fossils.”

4. Assign the exercise of correlating the rock units as homework.
5. During a postlab discussion, use the chalkboard or overhead projector to work out

the sequence. You may want a student who feels that he or she has successfully
completed the investigation to do this in your place.

TYPICAL RESULTS:

The outline below represents a series of logical deductions which will lead to
one possible interpretation of the relative ages of the rock units. This outline
should be used in conjunction with the probable solution diagram on a following page.

Key: 9/15 indicates that 9 is younger than 15

A) 5/2 & 20; 5/8; 5/18; 18/11; etc. Therefore, 5 is youngest.

BY 2 & 20/14 & 19; 2 & 20/13; 13/1 & 18; 18/7; etc. Therefore, 20 and 2 are second youngest.

€)Y 5/8; 8/1; 8/7; 8/16; etc. Therefore, 8 can be placed somewhere between 5 and 1 & 18.
DY 14 & 19/13; 13/1 & 18; 1/7; etc. Therefore, 14 & 19 are third youngest.

£E) 13/1 & 18; 1 & 18/17; 1/7; etc. Therefore, 13 is fourth youngest.

FY 1/7; 1 & 18 are found together; 1 & 18/17; etc. Therefore, 1 & 18 are fifth youngest,

G) 1 & 18/17; no further data on 17. Therefore, it is somewhere below 1 & 18.
HY 1/7; 7/12; 12/11; etc. Therefore, 7 is sixth ynungest.

1) 12/11; ¥12; etc. Therefore, 12 is seventh youngest.
J) 12/3 & 15; no further data on 3 & 15. Therefore, 3 & 15 are somewhere below 12.

30
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11/10 & 165 10/4. Therefore, 11 is eighth youngest.

10/4; 10 & 16 are found together. Therefore, 10 & 16 are ninth youngest.

4/9; 4/6. Therefore, 4 is tenth .youngest.

Therefore, 9 (and/or 6} is oldest.

The geologic age diagram gives you the actual lTocation and age.

MODIFICATIONS:

1.

Use photographs of actual outcrops, instead of the block diagrams, on which the above
mentioned fossil zones have been sketched in, Note: the sequence of zones is the
important point here, and not the veracity of the photographs. (Slides also could

be used in this case.)

2. Use real insteaa of plastic fossils.

3. Cut "geologic columns" or “core samples" out of strips of paper. To represent fossil
zones, place either the numbers of the fossils, pictures of the fossils, or the
appropriate fossils on the column, in the proper sequences. So as to simulate out-
crops, place the columns around the room, and have the students "visit" them to gather
data. ’

a. insert some unidentified fossils into the column.
b. invert one or more of the columns, and bring in the concept of overturned
anticlines.

4. Use the block diagrams and the associated fossils in an attempt to interpret the past
history of the area,

REFERENCES:

Dovestigating the Earth, pp. 414-420, Teacher's Guidc, pp. 521-527
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TYPICAL RESULTS:

PROBABLE SOLUTION DIAGRAM

'(--o.--m--o..-- - ’l I(-(\.- - =\ == =Quem =\ - eQuim = = O O

é é
boos
4 ¢
SIt
|
¢
_
)
—t

*35UdPLAD
alqe(tese uo Kud paseq

TU0LIN(ay ADNYS 30 Jeqo.dy

UB LILAOPUQ

O o \) ~Pni\.
A.H

SYHIJONIIHIIN

T
-v ﬁ»cm_gzrwm

: @ ¥341H1d503

ueiuoAag

9ot

ol .&w\\\\ HAARISOHINM

—

ueLdatSSLSSLW

/7

S31IWIYINId

ST

ey ws JUY,
f«

uelueA|Asuusd

[

JLSseLd)

L
L

Q~ q\ tv SN037L3BU)

gl \.g« YWYaV4LIL

Aty
SIHAHLOINI WO
. Mmtx\«

H1001

6! q&! 4 Bu3d0OLY QAAM/G/% LARETIEL ()] NiLdid m ﬁ SNddIHIAEIN

3U3D0LY et \* HLOOL
02’ LT o1 jussay N L% ﬁ, NDOOHVHOYYI
m WUEREY!

aby 21booay

SLLSSO4 UOMWWD)

R
Tr.

32




XITI-C-1b: CORRELATING ROCK QUTCROPS

QUESTION:
What does the rock record suggest about geologic history?

INTRODUCTION: ’

The early geologists attempted to put order into this puzziing
array of fossil types which confronted them. In this investi-
gation, you will attempt to find the relative age of a number
of fossils. Try to think of the problem as an early geologist
would. See if you can appreciate some of his problems.

OBJECTIVES:
When you finish this investigation, you should te able to:
1. determine the relative age of rock units using index fossils.

2. make inferences as to why fossils are used as one basis for
the theory of evolution.

3. make inferences as to why the seyuence of fosswls in some
cases varies from column to column.

METHOD:

1. Look at the block diagrams of rocks conta1n1ng fossil zones.
(Supplementary Sheet #2)

2. Arrange the fossils in order from youngest to oldest. Be

sure to record your reasons for the sequence in which you
place them.

QUESTIONS:
(C-1.11) 1. Which of the fossils appeared first? How do you know?

(C-1.11) 2. Which of the fossils appeared most recently? How do
you know?

(C-1.31) 3. What reason can be given to explain why layers 7 and
12 can be found under 18, and also under 1, but not
under the combina*tion (1 and 18)?

(C-1.41) 4. Notice that some fossils, such as 10 and 16, can be
found together in some cases but not in all. Give a
reason for this occurrence.

93
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Supplementary Sheet #1

LIST OF FOSSILS

XIII-C-1b

MUENSTEROCERAS
1. 11.
2. CARCHARODON LR KTOSPIRIFER
TOOTH
CRINOID A
3. srsm@ Sie OLENEOTHYRIS @
EOSPIRIFER ‘v PECTEN
Ao A le
EQUUS TOOTH 2 | m
5. - / 15. PENTREMITES
FLEXICALYMENE %
. @ 16,  PHACOPS
MEEKOCERAS .-:;f SPIRIFER V7 A\\\‘V‘
7. sl 1. >
MERYCHIPPUS "Xg%?s
5 < -
. 00T S ~—\k 18.  TETRAGAMMA %
vy » \%&
MICHELINOCERAS (< ~ YW Jo TURRITELLA xS
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SUPPLEMENTARY SHEET #2

SIX WIDELY SCATTERED ROCK OUTCROPS
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Easy (1.5)

XIII-C-2a: RADIQACTIVE DECAY

QUESTION:

How can geologic ages be measured by using radioactive decay?

MATERIALS:

Shoeboxes with 1ids, 50-100 pennies (or pieces of dried field corn) per group of
2-3 students, graph paper.

SUGGESTED APPROACH:

1. If possible, demonstrate radiocactive decay with a Geiger counter and a sample of
some radioactive rock or mineral; ask students to describe what they hear (or see).
Remind them that radiocactive decay is used to measure geologic age and ask them how
they think this works. Accept all answers, be sure the idea of halif-life is
mentioned, then indicate that this investigation deals with a statistical model that
illustrates the concept of half-life.

2. Have each group of students place about 100 pennies in their shoebox, with the
same sides up. Have them cover the box, hold it level, and give it a single sharp
shake. Then open it and remove all pennies that have flipped over. Record the
number left in the box. Repeat this until no more pennies are left in the box.

3. Have the students graph the number of shakes vs. number of unflipped pennies
Teft in the box after each shake.

4. Have each group color one penny with nail polish and repeat step 2. Have them
find out how many times the box must be shaken before the colored penny flips over.
Collect and compare the data.

5. Have the students share their data by placing them on the chalkboard in the following
chart form. (Use an * to indicate shake during which colored penny flipped.)

Student | Shake | Shake | Shake | Shake | Shake
Groups one two three | four five

Group 1

Group 2

Group 3

Group 4

Averages

Have the students graph the average number of pennies flipped during each shake versus
number of shakes.

6. Lead students in a discussion which:
a) answers questions like those on the student sheet, and

b} analyzes the validity of this investigation as a model of radioactive decay

S6
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PRECAUTIONS:

1. Careful analysis of this model shows it to be weak in a number of aspects. Unless
used with great care, it can give rise to serious misconceptions. Therefore,
students should be Ted to analyze the model critically, noting all the ways in which
it is deficient. They should be encouraged te suggest a more valid model. In
such a model, the objects representing nuclei should:

a) change spontaneously and at random

b) change without application of external energy

¢) remain "on the scene" instead of being removed
d) not be able to undergo the reverse change
2. Be sure students hold the top of the box tightly in place.

3. If the Geiger counter is used for the demonstration, be sure to hold the radioactive
material far enough away so that individual clicks, not a steady buzz, are heard.

4. The concept of a random event is a difficult one for students to grasp.

TYPICAL RESULTS:

Graphs of class data should be smooth curves closely resembling actual graphs of decay
rates of radioactive elements. This will not be true for individual data which is based
on a small number. The students should realize from the class data that the chance for
a particular penny to flip is random.

MODIFICATIONS:

1. Use thumbtacks, placing them heads down and removing all those which land points down
after a single shake.

2. Use grains of corn (dried), removing those which happen to point toward one pre-
designated side of the box. This can be repeated using two and then three pre-
designated sides of the box. The resulting graphs will be different and can serve
as models of the different decay curves obtained for radioactive elements which
have different half-lives.

REFERENCES :

Investigating the Earth,pp. 378-379, Teacher's Guide, pp. 471-473, 482-483
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XIII-C-2a: RADIOACTIVE DECAY

QUESTION:

How can geologic ages be measured by using radioactive decay?

INTRODUCTION :

You know that the process of radiocactive decay of certain elements
npresent in some minerals is used to determine geologic age. What
characteristics of radioactive decay enable the geologist to use
this method as the most accurate one known? In this investigation,
you will work with a statistical model that illustrates the process
of radioactive decay.

OBJECTIVES:

When you finish this investigation, you should be able to:
1. graph "particle decay" versus "time."

2. explain why the graph from an individual experience is not
as smooth a curve as that derived from pooled class data.

3. relate the model to actual radioactive decay by analyzing
the model's strong points and weaknesses.

4. use the graph of class data to predict time elapsed when
given percentage of decay, or to predict percentage of decay
when given time.

METHOD:

1. Place about 100 pennies in the shoebox, witn the same sides up
(e.g., all tailsg. Cover the box,hold it level, and give it a
single sharp shake. Open the box and remove all pennies that
have flipped over. Record the number of pennies left in the
box.

2. Repeat step 1 until no more pennies are left in the box.

3. Color one penny with nail polish and repeat steps 1 and 2
until the colored penny flips over. Record the number of
shakes necessary before this happens. Compare your data
with the class by constructing a chart on the chalkboard.

4. Graph your data obtained from steps 1 and 2; plot number
of shakes vs. number of unflipped pennies left in the box.
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5. Repeat step 4, but use class data in which the entire number
of pennies left in all the boxes, after each shake, have been

totaled.

QUESTIONS:

1. How s the graph of your own data different from the
graph of class data? Why is it different?

2. What is the half-1ife for the penny model?

(C-2.12) 3. What is the probability of a particular penny being
flipped over by a single given shake? How does your
answer to this question compare with the observations
from step 3?

4. In what ways do the pennies behave 1ike radioactive
nuclei? In what ways don't they behave 1ike radioactive
nuclei?

(C-2.13) 5. a. There are 5,731 pennies in a shoebox, all heads
up. The box is given one sharp shake. About
how many pennies will flip over?

b. The box in (a) is repeatedly shaken; after each
shake all pennies that have flipped over are
removed until 471 pennies remain in the box.
About how many shakes have been given to the box?

g 6. If organic matter containing carbon-14,which has a
half-1ife of 5,700 years,died only 10 years ago,
would you expect to be able to determine an accurate
Cl'* age for it? Why? What if it had died 100,000
years ago? Why?

ERIC

Full Tt Provided by ERIC.




Easy (2)

XITI-D-Ta: VARIATION WITHIN A SPECIES

QUESTION:

What does the fossil record suggest about ancient Yife?

MATERIALS:

Plastic fossil sheets, actual fossil samples, metric ruler, calipers, graph paper.

SUGGESTED APPROACH:

1.

Distribute plastic fossil sheets and have students observe and record their observations.
Limit them to 5 minutes.

2. Have the students draw & light Tine with pencil across the sheet to get a random
sampling of fossils.

3. Have students measure the length, or width, of each fossil which is touched by their
Tine.

4. Have the students graph frequency (number of individuals with a certain Tength) vs.
Tength, or frequency vs. width of the fossil (this can be done as homework).

5. Have the students discuss the meaning of the curve in relation to the population
mixture and possible reasons for size variation.

PRECAUTIONS:

1. Students will need some technique for identifying those fossils they have measured;
small pieces of masking tape work well.

2. Students will require a definition of frequency. They should be instructed to round

of f their measurement to the closest minimum unit appearing on the graph (e.g., for
length and width of brachiopods they should round off to nearest milliseter). They
should then record the number of individuals who have a length of 24 millimeters,
number with length of 25 mm., 26 mm., etc, This information then can be plotted as
frequency.

TYPICAL RESULTS:

1.
2.

The student should obtain a good bell-shaped curve with frequency vs. any characteristic.

Almost all students will be able to conclude that, within a species,most individuals
will have similar characteristics although some minor variations may be observed.

The students will give reasons for the ex’stence of atypical individuals within the
general population such as climate, age, food supply, and mutation.
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GRAPH OF FREQUENCY VS. WIDTH FOR ONE SPECIES
10

FREQUENCY

4 8 12 16 20 24 28 32 36
WIDTH IN MILLIMETERS

2

MODIFICATIONS:

1. Have the students repeat the process with a second but different sheet and compare
their results. '

2. Have the students repeat the process with a real fossil population or use a real fossil
population in lieu of the plastic sheet.

3. Have the students graph the number of ribs vs. frequency instead of length or width.
4. Have the students graph length vs. width. (A lens-shaped scatter-gram will be obtained.)
5. Have the students measure and record their own hoights. They can then plot a curve
of height versus frequency that the height occurred within the class. In order to
have good results you may have to romund the height of each student to the nearest
decimeter.

REFERENCES:
Investigating the Earth, pp. 421-423, Teacher's Guide, pp. 529-531
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XITT-D-Ta: VARIATION WITHIN A SPECIES

QUESTION:

What doer the fosc<il record suggest about ancient life?

INTPODUCTION:
Fossils give evidence ¢f a great many kinds of animals and plants
that have lived in the past under a variety of conditions. Fossils
are classified into species. Variation within a species can be
observed, measured, and described.

OBJECTIVES:

When you finish this investigation, you should be able tn:

1. observe and describe, by means of Trequency curves, the
variations present within a species.

—

2. describe a species in terms oF ranges of characteristics
which allow for the observed variations.

expiain why species variations are necessary to the theory
evolution.

[O8)

METHOD::

1. Record any observations you can make ccncerning the sample you
have ~een given.

2. Draw a Tight pencil line across the sample given you.

3. Measure, to the nearest millimeter, and record the characteristics,
indicated by your instructor,of each individual the pencil line
touches.

4. Graph the characteristic vs. frequeacy (number of individuals

having the same value) of occurrence for each individual
measured.

QUESTIONS:

(D-1.21) 1. On what evidence could you decide whether or not this
group is a single species population?
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(D-1.22) 2. Suggest possible reasons for the variations found.

(D-1.23) 3. Fossils from other geologic times have been found which
resemble those which you have examined, but they are not
exactly the same. What does this evidence suggest to
you?

(D-1.12) 4. Considering the fact that in most environments today
more than one type of living organism is found, give
an explanation why the fossil sheets contained only one
basic life form.
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TOPIC XIV - LANDSCAPE DEVELOPMENT AND ENVIRONMENTAL CHANGE
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; Challenging (172 0y

XIV-A-la: TILL FABRIC FIELD TRIP

QUESTION:

What are some landscape characteristics that can be observed and measured?

MATERIALS:

Magnetic compass, jack knives, shovels, rose diagrams (Supplementary Sheet), clipboards
(optional).

SUGGESTED APPROACH:

1. Before Jeaving on the field trip, ask students to make a list of all evidences they
can think of which would indicate direction of ice movement in an area. They
probably will not Tist till fabric without your help. Tell them that tills
usually contain elongate pebbles (longer in one axis than the others). These tills
are thought to have been smeared out on the surface as the glacier moved past. Ask
the students how elongate pebbles would probably come to rest when deposited by this
mechanism. Would the Tong axis point in the direction of movement? Actual reszearch
has indicated that most would point in that direction, nowever, many of them
apparently roll into position and are situated at right angles to the first group.

Next ask how a study of a till could be made to determine direction of ice movement.
Students should come up with some form of a till fabric study techaique.

2. At the till site, the technique suqgested cn thn ciudent sheet o o oL ,rd LucZ.ssfly
3. TF the technique Jiucribed is used carefulle, o patis  wnowing 4 ZisTie {omaxina

will develon.  Scociimes, a seconda:sy maxima will develap at rignt angles to the

Tiioo fhe Tirst group is inferred to be those pebbl-s that s1id into position,

the <@ ong grous crobably rolled into position, usually referred to as "sliders”
and rollers" respectively.

4. Students should work individually or in groups of two. When finished, data should be
shared and a direction of glacial movement decided upon. If no pattern develops,
discuss possible reasons.

5. Have the students plot direction of movement on a wall map.

ORCCAUTIONS:
Y phweesn 20 end 50 nebbles should be measured before a pattern can be interpreted.
Stucents may have a tendency to infer a direction after only a few pebbles have been
measurcd.

2. Stress the imporiance of accuracy in the determination of the orientation of the leong
axis ¢f the pebblec.

TYPICAL RESJLTS:

The results should produce a distinctive patfern which should compare to cther clacial
directional features in the area such as drumlins and glacial scratches on Fourock.
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MODIFICATIONS:

1. A till fabric rack can be constructed and used as illustrated in the MacClintock
reference.

2. If time is limited, have each student remove only two or three pebbles, and pool
the information on aone rose diagram when finished.

3. If a field trip is impossible, a large stab of till might be removed from a bank and

brought to the classroom where it could be dissected. The orientation of the slab
should be measured and recorded at the original site before removal.

REFERENCES:

Paul MacClintock, "A Till Fabric Rack," The Journal of Geology, Vol. 67, No. 6, November
1959.

Paul MacClintock and J. Teratmae, ¢iz<icl History of Covey Hill," The Jowmal of Geology,
Vol. 68, No. 2, March 1820,




XIV-A-la: TILL FABRIC FIELD TRIP

QUESTION:

What are some landscape characteristics that can be observed and
measured?

INTRODUCTION:

Most areas of New York State exhibit some kind of evidence for
previous glaciation, however, not all of this evidence aives

any clue as to the direction the ice moved through the area. The
glacial geologist is continually looking for new approaches which
will help him complete his understanding of the glacial history of
his area. One such approach is the "till fabric study" which you
will be conducting in an area near your home.

OBJECTIVES:

When you finish this investigation, you should be able to:
1. identify whether or not a soil is a glacial till.

2. state evidence that suggests that a landscape region probably
developed under a different climatic environment.

METHOD:

After arriving at the study site, you should:

1. Determine if the layer of material you choouse to work with is
really a till and not some other form of deposit. If you can
uncover a pebble with scratches on its surface, you can use
it as proof of "till."

-y

2. Using the shovel, square off a vertical face about 2 or 7 feet
in each dimension, measure and record on the bottom of your
rose diagram the direction parallel to your working face.

3. Level off a spot at the foot of your vertical working face Tlarge
enough to support your clipboard in a horizontal position.
Position the clipboard so that the bottom of the rose diagram
is parallel to the working face.

4. Choosing uniform size till pebbles (1-14-inch size works best),
carefully remove them, without destroying their orientation,

5. Decide which slot on the rose diagram the long axis of the
pebble would be most nearly parallel. Make a symbol (I) in
that slot. Continue the process for 20-50 pebbles, until it
is obvious that you have a distinct pattern developing.

LO8
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6. After returning to the school you will want to transfer all
the individual data to one rose diagram. Be careful to
correct for variations in the directions of the working faces.

7. Decide on the direction of ice movement through the area.

Note: Different till fabric results, occurring at two different
elevations in the same till bank, has in some instances
been used as proof of two glacial advances in the area,
each from a different direction.

QUESTIONS:

(A-1.31) 1. Describe the characteristics of the soil in which you
conducted your investigation.

2. What was the direction of glacier movement in your area?

3. Do the data indicate the direction of ice movement
during the entire time the glacier occupied the area?

4. Is there any evidence that the land surface (e.g.,
valleys, hills, or mountains) influenced the direction
of glacier movement?

5. Were you able to find any other evidence, in the
general area of your till fabric study, that would
substantiate your results (e.g., glacial striae or
long axis of drumlins)?

(B-1.22) 6. What evidence can you cite that would suggest that

this landscape region may have developed under an
extreme glacial climatic condition?
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SUPPLEMENTARY SHEET

TILL PEBBLE ORIENTATION

Date Location

Collector

—— ] ‘
DIRECTION PARALLEL TO WORKING FACE
RECORD DIRECTION HERE:
Total Number of Pebbies
NOTES:
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[-Challenging (2)

XIV-A-1b: REGIONAL AERIAL PHOTO STUDIES

QUESTION:

What are some landscape characteristics that can be observed and measured?

MATERIALS

Fach student, or group of two students, should have: stereo viewer, landform map (See
Supplementary Sheet #1), and one or more of the aerial photograph sets indinated under
Background Information. (For ordering, see Supplementary Sheet #2,) Topogriphic maps of
the same areas are optional.

SUGGESTED APPROACH:

1. Discuss briefly the use of stereoscopes.
2. Allow students to begin work, following the directions on student handout sheet.
3. After.completion of the aerial photo study, involve the group in a discussion of their
conclusions.
PRECAUTIONS :

1. Individual aerial photos must be ordercd several months in advance of the using date
to insure receiving them on time. (See the order sheets on Supplementary Sheets.)

2. Students may have trouble using the steres viewers.
3. Don't contaminate student thought by introducing a lTot of geomorpholngy terms.

Most Tandforms can be recognized and possible origins inferred by the use of common
sense and the experiences they have had during this course of study.

MODIFICATIONS:

1. Teachers may wish to use seis of photographs found in stereo atlases, which are
avzilable from several suppliers.

BACKGROUND INFORMATION:

Calif. 25. Badwater, Death Valley

Lat 36°15- N.; Tong 116°456~ W. Map Reference: U.S. Geol. Survey Furnace
Photcgraphic scale: 1:48,000. Creek, Bennetts Well, Ryan, and Funeral
Date flown: Nov. 27, 1948. peak 15-min guadrangles, scale 1:62,500

Fectures illustrated (set nos. "21if. 25 A-B in southeast cormer of pi.otographs). - Badwater,
almost the lowest point in the United States, is a spring fed sulfate marsh in the reentrant
on the north side of the fan in the center of photograph 25B. The broad white area west of
Badwater is subject to flooding and is crusted with rock salt. HNorth of this area, extending
to the foot of the gravel fan, is massive rock salt: to the south is ~ock salt that has been
smoothed by flooding. At right {s the faulted front of the Black Mountains; the Badwater
Turtleback - metasedimentary rocks of Precambrizn age - is overlapped at the north by
volcanic rocks of Tertiary age.
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Calif. 30. Horizontal movement on San Andreas fault

Lat Z5°T6°N.; fong 119750 W. Map reference: U.S. Geol Survey McKittrick
Photoarapt.ic scale: 1:20,000 Summit and Painted Rock 7!'.-min quadrangles,
Date flown: July <2, 1957 scale 1:24,000

Foorepee Tllaetoated (st nos. Calif. 30 A-B iy southeast cormer of photeogruphs). -
Photoaraphs show offset drainage, well-defined scarps, and trenches in Quaternary deposits along
the trac. - ° San Andreas fault and subsidiary faults. The area slopes gently to the southwest
te the 7 « 1=~ Plain and is crossed by parallel intermittent streams that localiy meander. The
streams are - v ' northeast of the trace of the fault.

Fla. 1. Beach ridges, St. Vincent Island

Lat 29740 °N.; long 85°10°Y. Map referemce U.S. Geol. Survey Indian Pass
“hotograph scale: 1-42,000 and West Pass 7!-min quadrangels, scale
Date flown: Nov 1, 1942 1:24,000

peotere S0 s lect mos, Flao 1 A=B dn one prheast sorney of photographs). - The island
is made up entirely of beach ridges and intervening marsh. It has grown southward about 4
lrs, during the present sea-level stand. The pattern of ridges suggests that three ero-
.ional intaervals 1nterrupted the process of island growth (C.A. Kaye, written commun., 1961).

¥ans. 2. Flat-lying limestone and shale in the Flint Hills

Lat 39°17°N.. long 96725°W. Map reference: U.S. G=201. Survey Manhattan
Photogrephic scala: 1:20,000 sheet, scale 1:250,000
Date flown: Sept 18, 1937

Fextures [llueteo C {get nes. Kans. £ A-7 im southeast cormer of phctograrhs). - Flat-lying
cherty limestone and shale of Permian age in northeast Kansas. The white bands are outcrops of lime-
stone; the wider gray bands are intervening beds of shale. Area is prairie; trees grow only
inl¥a11e{s on the banks of Cedar Creek and fts tributaries that are incised below the Fiint
Hills Upland.

Maine 2. The Horesback along Sunkhaze Stream

Lat 44°57 N,. lTong 687257, Map reference: U.S.Geol. Survey Great Pond
Photographic scale: 1:24,000 15-min quadrangle, scale 1:62,500
Date flown: May 1, 1956

Dot aarwes D o{sot nos. Hatne 8 A~C in novthegnt oovmer of phot. raphs). - This gravel
ridge - an ice-channel filling or esker - crosses the area from northwest to southeast. It is
virtually continuous, as much as 70 feet high, and is bordered by swamps and, locally, by
kames. The adjacent rounded bills are of granitic rock.

N. Mex. 8. Normal faults cutting basalt mesa

Lat 35726°N., long 106°32 7K. Map reference: U.S.Geol. Survey Santa Ana
Photograph scale: 1:31,680 Pueblo 7%-min quadrangle, scale 1:24,0C0
Date flown: 1935

Featwurca 71lust »rted (2t nos. N. Mex. 8 4-D im scuthcast eormer of photographs). - The
photographs show the eastern half of the Santa Ana mesa near the confluence of Jemez River
and Rio Grande {photograph 8&), The basalt flows issued from a north-south trending string
of vents, same of which are visible on the west edge of photographs 8C and 8D, and also from
a similar line of vents outside the area shown to the east. Numerous north-south-trending
faults displace the basalts from a few to 150 feet. The blocks are tilted eastward, and along
any one fault of the eastern block has risen relative te the one to the west. The drainage
of the mesa has a trellis pattern.
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N. Y. 1. Niagara cuesta at Lewiston

County: Niagara Map reference: U.S. Geol. Survey Lewiston
Lat 43°10-°N.; long 79°03W. 7%-min. quadrangle, scale 1:24,000 (N.Y.
Photograph scale: 1:20,000 only), Toronto sheet, scale 1:250,000
Date flewn: Sept. 25, 1938 Geology revYerence: Johnston, R.H., 1964,

Ground water in the Niagara Falls area, New
York, with emphasis on the water-bearing
characteristics of the bedrock: New York
Water Resources Comm. Bull. GW-53, 93 p.

Features tllustrated (set mos. N.Y. 1 4-B in southeast corner of photographs). - The Niagara
River emerges from a narrow gorge cut about 250 feet into a flat upland and enters a broad flat
lowland where its channel is wide and its banks are low. The north-facing escarpment separating
the uptand from the ‘owlands is the Niagara cuesta, across which the ancestral Niagara river
flowed in late-glacial time as a waterfall that has now retreated southward about 6% miles,

The upper part of the escarpment is the massive Lockport Dolomite, underlain by the Rochester
Shale and older rocks that erode by sapping. This sapping causes the dolomite cap to be under-
mined. The lowland north of the escarpment is underlain by Queenston Shale.'

N. Y. 2. Nijagara Falls

County: Niagara Map reference: U.S. Geol. Survey Niagara Falls
l.at 43°05°N.; long 79°04W. 7%-min quadrangle, scale 1:24,000

Photograph scale: 1:24,000 Geology reference: Johnston, R.H., 1964,

Date flown: May 7, 1963 Ground water in the Niagara Falls area, New

York, with emphasis on the water-bearing
characteristics of the bedrock: New York
Water Resources Comm. Bull. GW-53, 93 p.

Features illustrated (set nos. N.Y. & A-B in southeast corner of photographs). - Horseshoe
Falls and American Falls separated by Goat Island. The falls are ~Yout 100 feet high. At
the time these photographs were taken, there was considerable ice in the rapids both above
and below the falls. The massive Lockport Dolomite forms the 1ip of the falls and the upper
part of the walls of the gorge. Below is the Rochester Shale.

N. Y. 3. Drumlins near Palmyra

County: Wayne Map reference: U.S. Geol. Survey Palmyra and
Lat 43°08-N.; long 77°14 "W, Macedon 15-min gquadrangles, scale 1:62,500
Photograph scale: 1:60,000 Ontario, williamson, Macedon, and Paimyra
Date flown: May 6, 1960 75%-min quadrangles, scale 1:24,000

Geology reference: Fairchild, H.L., 1929,
New York drumlins: Rochester Acad. Sci.
Proc., V. 7, 37 p.

Features illustrated (set nos. N.Y¥. 3 A-B in northeast cormer of photographs). - Ice moving
southward from the Ontario basin formed a large drumlin field on the Ontario plain north of
the Finger Lakes. The bedrock, concealed beneath drift, is in large part gently dipping shale
and dolomite of Silurian age. The drumlins are oval in plan and range in length from less
than a quarter of a mile to more than 2 miles. Trey are commonly three to five times longer
than they are wide. The flat-floored valleys between the drumlins are und.rlain in part bv
lake deposits and in part by glacial outwash.

N. Y. 4. Potsdam outliers near Hammond

County: St. Lawrence Map reference: U.S. Geol. Survey Muskellunge
Lat 44°22-°N.; long 75°46-°W. Lake, Hammond, Redwoecd, and Chippewa Bay
Photograph scale: 1:19,000 7s-min quadrangles, scale 1:24,000

Date flown: May 4, 1960 Geology reference: New York State Museum and

Science Service. Geological Survey, 1962,
Geologic map of New York, 1861. Adirondack
sheet: New York State Mus. and Sci. Service
Geol. Survey Map and Chart Ser. 5, scale
1:250,000
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Fogtwenes {0 factyate s (oot mog. H0Ye 4 A=D de morthoast cormer of photographel. - Broad
tables of flat-lying Potsc Srna.tone of Late Cambrian ag: rise above lowlands underlain by
metasedimentary rocks of Precambrian age. The mantle of glacial drift is thia and patchy. and
the grain of the metamorphic rocks iz clearly expressed by the irregular shapes of the smal:
hills east of Klack Creek.

N. Y. 5. Hickory Lake phacolith

County: St. Lawrence Map reference: U.S. Geol Survey Pope Mills

Lat 44°26°N.; long 75°35°W. 7-min quadrangle, scale 1:24,000

Photograph scale: 1:20,000 Geology reference: Buddingw~n, A.F., 193¢,
Date flown: Mav 4. 1960 s2eology and mineral resources of the Hamond,

Antwerp, and Lowville quadrangles: New York
State Mus. Bull. 296. 251 p.; geol. map,
scale 1:62,500

Ao Lol e g ToVe L =Rl LwThouet om0 i romanhe o - The oval-
shaped area of numerous small roughly concentric ridges in the southern half of photograph 5B
is one of Buddington's granite phacoiiths. Although the area has been glaciated, the drift is
thin and discontinuous. The lowland that surrounds the phacolith (along Birch Creek) is
mantled by fine-grained lake sediments of Quaternary age. The surrounding area of more irregu-
Tar hil's is under'ain by quartzite, marble, gneiss, and related rocks of the Grenville Series.

N. Dak. 3. Streeter moraine near Alkaline Lake

to 053°38°N.; Jong 99°25°W. Map reference: U.S. Geol. Survey Jamestown
cugraph scalte: 1:60,000 sheet, ccale 1:250,000
'te flown: July 28, 1952

Features illustrated (set wos. I. Dak. 3 4=R in wortheast cormer of photrsraris). - The
massive Streeter moraine with many prominent arcuate ridges (southwest guadrant of photograph
38) was built by southwest-moving glacier ice. In front of 1t {s an outwash plain. Behind
the moraine to the northeast is a trroad area of collapse maraine deposits with some lakes and
multitudes of small irregularly shared ponds and swamps.

Pa, ¢. Strip mines in antnracite coal near Mount Pleasant

l.at 40°42°N.; long 76°2074. Map refevence: U.S. Geol. Survey Minersville
Tatograph scale:  1:20,000 7:-min quadrangle, scale 1:24,000
Dote flown: Aug. 29, 1958

Featurcs illustrated (ot nos. Pa. U A-C in southeast cormer of photographs). - The coal
beds occur in closely folded synclines; so, in general, the mines outiine synclines and the
wooded arc.s anticlines. In the central part of photograph 2B. for exampie, the east-north-
east-trending belt of strip mines just north of the center of the photographs is along a
syncline. The adjacent anticline to the south is marked by a strip of woods that passes
through the center of the photugraph, and the next syncline passes under cthe large flat-topped
heap of coal-mine debris (gray areas east of center of same exposure).

Near the west edge of the dhotograph the no~thern syncline is replaced by several minor
folds whose axes rise westward. Rocks stratigraphically below the coal beds are brought t- the
ground surface. The traces of several thrust faults cross the photographs but are not readily
apparent.

Pa. 6. Delaware tater Gap

Lat 40°58°N.; long 75°07 'W. Map reference: U.S. Geol. Survey Stroudsburg
Photograph scale: 1:20,000 ard Portland 7%-min quadrangles, scale
Date flown: May 6, 1959 1:24,000;, Delaware Water Gap 15-min guadrangle,

scale 1:62,500

Featuree |ilustrated (set wos. Pa. 6 A-C in southeast cormer of photographs). - Delaware
Water Gap is one of the classic water gaps in the Appalachian Highlands, about 1,200 feet
deep and less than a mile wide at the top. The nearQy flat top of Kittatinny Mountain at the
gap was believed by W. M. Davis to be a remnant of his Schooley peneplain preserved on top of
the resistant quartzite that can be seen dipping steeply to the northwest. The course of the
river through the ridge has been variously attributed to superposition or to structural control
related to joints, faults, or plunging folds.
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(Puerto Rico)
P. R. 1. Doline or sinkhole karst topography

Lat 18°24-N.; long 66°51 "W. Map reference: 1.S. Geol. Survey Camuy
Photograph scale: 1:20,000 71:-min quadrangle, scale 1:20,000
Date flown: Feb. 12, 1963

Fearures illustrated (set nos. Poi. 1 A-B in northeast cormer of photographe). - Intricate

karst topography formed in lower Miocene limestone which dips 3°-5° N. Sinkholes are as deep

as 60 meters and towers as high as 40 meters. Apparently bare southern and eastern slopes in
the southern part of the area are covered by a mat of ferns in contrast to the densely wooded
northern and western slopes. Near the southeast corner of photograph 1B a stream appears at

the head of an alluviated valley, flows north and then east and disappears in a cave (in woods),
flows underground to the north, reappears in another alluviated valley, flows through a small
gorge, and finally disappears in a cave that is near the east edge of photograph 1B.

N. Mex. 7. Fine-textured topography on upper Tertiary sediients

Lat 3547 °N.; long 106°07 “W. Map reference: U.S. Geol. Survey Espanolu
Photograph scale: 1:54,000 15-min quadranglie, scale 1:62,500
Date flown: May 27, 1954

Foasires {llustrated (set nos. N. Hex. 7 A-B in northeasr cormer of phctographs). - Fine-
textured topagraphy with high drainage density ‘ormed on the semiconsulidated upper Tertiary
rocks {sandstone, conglomerate, siltstone, and =lay of the Santa Fe Group). The driainage
pattern is largely dendritic, except for the parallel or pinnate pattern in the northeast
quadrant of photograph 7B. Mesas near the west edge of the same photograph are capped by
basaltic rocks of late Tertiary or Quaternary age. Buckman is near the northwest corner of
photograph 78.

Tex. 4. High Plains escarpment east of Lubbock

tat 33°35°N.; long 101°13°W. Map reference: U.S. Geol. Survey Lubbock sheet,
Photograph scale: 1:63,360 scale,1:250,000
Date flown: Jan. 23, 1954

2 oturce fllustrated (cot nos. Tex. 4 A=B in mortheast corner of photographs). - Escarpment
on the west side of White River (east half of photograph 4A}, a tributary of Brazos River.
Massive beds of sand cemented by caliche cap the plains and in many places rest directly on
sand and gravel (Oge’lala Formation of Pliocene age). Triassic sedimentary rocks crop out
near White River. Badlands east of the escarpment have a high drainage density compared with
the virtually undissected plains to the west where numerous large shallow depressiens ar.: as
much as half a mile in diameter.

utah 1. Open pit a1t Binghem

Lat 40°32°N.; Tong 112°08°W. Map reference: U.S. Geol. Survey Bingham
Photograph scale: "1:37,400 Canyon and Lark 73-min quadrangles, scale
Date flown: June 20, 1950 1:1:24,000

Features illustrated {set nos. Utah 1 A-C in sow'theast cormer of photographs). - This grest
open nit is nearly 1,500 feet deep and 2 miles in diameter. The ore is disseminated pyrite
and lesser amounts of copper sulfides in monzonite, guartzite, and limestone.

Utah 9. Badlands near South Caineville mesa

Lat 38°18°N.; Tong 110°57°W, Map reference: J.S. Geol. Survey Factory
Photograph scale: 1:31,680 Butte 15-min quadrangle, scale 1:62,500
Date flown: July 12, 1939

Featuree illustrated (set nos. Utah 9 A-B in northeast cormer of photographs). - The
mesa is capped by the Emery Sandstone Member of the Mancos Shale; the badlands surrounding it
are underlain by the Blue Gate Shale Member of the Mancos. Pediments have been formad between
the feot of the badlands and the alluvium along Sweetwater Creek (southeast quadrant of '
photograph 9B).
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Utah 14. Cliffs and domes in Navajo Sandstone, Zion National Park

Lat 37°13°N.; long 112°55°W. Map reference: U.S. Geol. Survey Zion National
Photograph scale: 1:€3,360 Park, Zfon Canyon Section, scale 1:31,680
Date flown: June 16, 1953

Features illustrated (set nos. Utah 14 A-C in coutheast cormer of photographs). - Flat-lying
massive Jurassic sandstones enclose Zion Canyon (noritwest quadrant of photograph 14B) and
Parunuwear Canyon (south edge of same photograph). Both these narrow canyons are floored with
Chinle v .le. The Navajo Sandstone forms the canyon rim and shows conspicuous north-south
jointing The smoother upland away from the canyons is underlain by shales of the Carmel
Formation. The Great White Throne, a monolith of Navajo Sandstone, stands just south of the
horseshoe bend (Big Bend) in Zion Canyon (northwest quadrant of photograph 14B). Some of the
smaller <treams that flow in Navajo Sand have meanders that appear to be joint controlled,
for example, the stream just southwest of the center of photograph 14B and in the upper part
of Parunuw2ap Canyon (in snutheast quadrant).

Wash. 2. Alpine glaciers on Glacier Peak

Lat 48°07°N.; long 121°G7 “W. Map reference: U.S. Geol. Survey Glacier
Photcgraph scale: 1:27,700 Peak 15-min quacirangle, scale 1:62,500
Date flown: Oct. 7, 1944

Features illustrated (set nos. Wash. 2 A-C in novtheast cormer of .-hotographe). - This
Pleistocene to Recent andesitic volcano (altitude 10,541 ft.) rises a~out 6,000 feet above the
tops of the adjacent mountains. Glaciers largely conceal the upper sicpes of tha peak except
on its southwest side. The individual glaciers are separated by -.mall aretes and flow in
shallow U-shaped valleys. The glacial dissection of the voicano, 11though only moderate, is
noticeably more advanced than on Mount St. Helens.

Wash 5. Channeled scabland: Cataract in Moses Coulee

Lat 47°30°N.; Tong 119°45°¥. Map reference: U.S. Geol. Survey Ritzville
Photograph scalte: 1:73,800 sheet, scale 1:250,000
Date fiown: Sept. 22, 1952 :

Features illustrated (set nos. Wash & A-D in southeast corner of photographs). - This great
compound cataract (west of center of photograph 5C) includec three recessional anrges that
reach back upstream into a broad scabland tract. The cataract to the east started as a double
cataract whose members united to leave an island in the gorge beiow the dry falls. Bretz
believes that all three gorges-and their cataracts were contempcraneaqus. To the north the
main coulee is a gorge nearly 400 feet deep (northeast quadrant of photograph 6B).

Wyc. 7. Little Dome

Lat 43°25-°N.; long 108°52°W. Map reference: U.S. Geol. Survey Thevmobolis
Photograph scale: 1:23,600 sheet, scale 1:250,000
Date flown: 0Oct. 20, 1948

Featuree illustrated (set nos. kyo. 7 A-B in southeast cormer of photographs). - A small area
of Jurassic rocks is exposed in the center of tnis elongate dome that is largely outward-
dipping Cretaceous beds composed of shale and some sandstone. The beds are tightly folded
along the southeast-plunging anticlinal axis. The lowlands around the dome are underlain by
Cody Shale that is largely concealed by alluvium and terrace deposits.

REFERENCES:

A Deseriptive Catalog of Selected Aerial Photographe of Geologic Features in the United
States, Geological Survey Professional Paper 590, can be ordered from the Superintendent of
Documents, U.S. Government Printing Office, Washington, D.C. 20402,




XIV-A-1b: REGIONAL AERIAL PHOTO STUDIES

QUESTION:

What are some landscape characteristics that can be observed and
measured?

INTRODUCTION:

If the landscape is the result of uplifting and leveling of rock
materials at the surface, then you should be able to examine a
landscape and say something about (1) the nature of the surface
rock, (2) the effect of uplift, and (3) the kinds of leveling
processes or agenis at work there. You may als¢ be able to say

which force, uplifting or leveling, dominates the lanascape at
present.

In this investigation you will study aerial pnotos of several
different areas in the United States. Describe the iandscape
in each area observed, and interpret the processes that created
the features you observe.

OBJECTIVES:

When you finish this investigation, you should be able to:

1. see a stereo pair of photographs in three dimensions.

2. indicate which processes, uplift or leveling, have been most
active in forming the landscape in an area studied by aerial
photographs.

3. relate landscapes to the environmental factors which
influenced their development.

METHOD:

1. Using the map provided (Supplementary Sheet #1), showing the
principle landscape of the United States, find the approximate
Tocation of each of ihe photograph sets that you study.

2. View the photographs provided by your teacher.

3. Answer the following questions about each area:

QUESTIONS:

(A-1.11) 1. What hillslopes with distinctive shapes can you
identify?
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What stream patterns are you able to identify?

Describe the landscape characteristics observed in
the photographs.

Describe any boundaries between landscape regions that
you are able to identify.

Describe the different landscape regiors that you
observe as you look at various photo sets.

What landscape regions are you able to 1dentify in the
New York State photograph sets?

Describe evidence of uplifting and leveling forces at
work. Which seems to be dominant in each area?

What effect has crustal uplift or subsidence had on
areas where it is evident that it occurred rapidly?

Describe the areas that appear to have developed under
conditions of climatic extremes.

What effect doec the balance between weathering and
removal of meterials have on the steepness of hillslopes?
Which photographs illustrate thic?

How do hillslcpes in dry climates differ from those in
wet climates? Which photographs illustrate this?

How can bedrock control the shape and steepness of a
hillslope? Which photographs illustrate this?

Describe photograph areas where bedrock resistant to
erosion has produced landforms such as plateaus,
mountains, and escarpments.

Describe photograph areas where easily eroded bedrock
has become a low-lving surface such as the bottom of
a valley.

How can structural features in bedrock such as faults,
folds, and joints affect the development of hillslopes?
Which photographs illustrate this?

How do structural features affect stream characteristics?
Which photographs illustrate this?

How has the activity of man affected the landscape in
the areas studied?
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SUPPLEMENTARY SHEET #2 XIV-A-1b
Photograph sets car be ordered by filling out the form below and checking the sets you want.

ORDER FOR AERIAL PHOTOGRAPHS ' 5
of ¢

Geologic Features
In the United States

T9: Map Information Office :
U.S. Geological 3Survey Date: IDnggt gr;te
Washington, D.C. 20242 AMLALIRL

Please send photographs to:

Total
ordered

Remittance: §

Indicate type of paper: doub?e-weight semimatte or single-weight glossy

Prices of contact prints 1 tc £ 6 to 100 More than 100
(subject to revisior at each each each
any time): $1.50 $0.90 $0.70
| SET PHOTOGRAPHS SET PHOTNGRAPHS Ay
| California North Dakota
25 2 3 2
30 2 Pennsylvania
Florida 2 3
] 2 6 3
Kansas Puerto Rico
2 2 __ 1 2
Maine Texas
2 3 4 e ____
New Mexico Utah
7 2 1 3
8 4 S 2
New York 14 3
1 2 Washinaton
2 2 2 3.
3 2 5 a
4 3 ___ Wyoming
5 2 7 2

t20
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XIV-A-1c: LOCAL AERTAL PHOTO STUDIES

QUESTION:

What are some landscape characteristics that can be observed and wmeasured?

MATERIALS:
Student stercoscopes, derial photo stereo-pairs covering the local region around your

school. The larger the area covired (more photos) the better. See Background Infor-
mation.

CUGGESTED APPROACH:

1. Atk students if they think tuey could find evidence for gtaciation in their iocal
area if they had a chance to study the area from an airplane.

Ask them if photographs, especially photographs that show elevation, would wark even
betien since you could take as long as you wanted to study one point on the ground.

Indi-ate to them that to a skilled user. aerial photos tell more, in less time,
about an area on the earth than any other type of investigation,

Indicate that aerial photo studies are usually used in conjunction with actual fieid
samplirg and map studies for maximum understanding of the area studied.

A good way to begin is to allow students to study the aerial mozaic cf their local
area and nick out their hcme. (This can be accomplished best by having a topographic
map of th2 are: cn hand for compariscn.) Allow each student time tec view his home
and the surrcunding terrian with which he is very familfar. This allows him to
associate a hill dimension that he knows, with the way it app2ars on the photos.

Tais will enable him to better interpret dimensions of landforms in areas forefgn to
him.

Ask the students to choose a series of aerial photos covering a larger ares (limited

onrly by time and availability of photos), and identify as many landforms and evidences
Tor glaciation (including diraction of movement) as chey can. They should keep a written
record, including sketches, of the photos ctudied and the 3rea covered ss part of
investigation.

At thc end of the invectigation, the students should pool their information, and defend
it, tf cthers disagree.
UTIONS:

1. Students, unable to see with both eyes, will not be able to view the photos stereo-
scapicaliy.

Most students, with . vactice, ehould be able to see three dimensionally.

When the two photcs (stereo prir® are pos:.*ioned flat on the table, only a narrow
section can be seen stereoscopis’ify. To view a larger area, ycu must roll the upper
ohotc back slightiy {do not bend sharaly) as you continue to move the stereoscone to
the left.
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4. It takes an eartn scientist a long time to develop enough skill to identify tandforms
from aerial rhote stedies. Thig should not be the only objective of this investiga-
tion. The students will make inferences and adjust them many times when asked to
defend them. This is the kind of thinking prccess to encCourage.

TYPICAL RESULTS:

The students should be able to identify outstanding landforms such 3s drumlins, kames,
and eskers if they ar2 present in your area. They mav be able to distinguish a distinct
lineation of glacial features indicating direction of glacial movement.

BACKGROUND INFORMATION:

Aerial photes and information can be obtained from:

Eastern Laboratory, Aerial Photography Divisiun
45 South French Broad Averue
Asheville, North Carolina 28801

The usual approach is to first obtain aerial photo index sheets of your local area.
When ordering these, be sure to describe your location as accurately as possible. Include
county, state, tcpographic map name, and latitude-.ongitude information. These irdex

sheets are mozuics of the individual stere pairs coverinn the areas. They are arranged
so their individual numbers can be read and subsequent orders for these can be made.
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PRICES FOR AERIAL PHOTOGRAPHS
(Effactive Occober 1, 1858)

CONTACT ’ PHOTO-
SRINTS ENLARGEMENTS - DWSM TNDERES
. 1" = 330"
cpproximate ju - ygg7t | 1" = 1320 | 1" = 1000° or 1" =400' | 1" =1 nile
1" = 660"
p i 1] 1" 1) n: " " 113 113 113 1] 1]
xip?;cﬁége 91" X 9, 14" X 14 18" X 18 28" X 24 20" X 40 26" X 24"
Quantity §1.25 $2.50 $2.75 $3.50 $8.00 $2.50
per sheet
o
;~X§§55 over| 55,90 $2.00 $2.25 $2.75 $7.00
i - I
NOTE: The 9%" X 9%" size works best for this exercise.
REFERENGES :

sesial Photographe in Geological Interpretation and Mapping, Geolocical Su~vey Professional

Paper 373 (can be ordered from Superintendent of Documents, U.S. Government Printing
Office, Washington, D.C. 20402), £2.50, paper cover.

Wanles:, Ha'21d P., derial Sterec Photographs (available from several suppliers of earth
science couipment),

Aerial -Photo Intorpretation in Classifying and Mappina Soils, Agricultural Handbook
No. 294, issued October 1966. (Available from Governmen:t Printing Office, Washington,
D.C.) 75¢, paper cover.

4 Degeriptive Catalog of Selected Aerial FPhotographs of Geologic Features in the United
States, Geologic Survey Professional Paper 590, (can be ordered from the Superintendent
of Documents, U.S. Government Printing Office, Washington, D.C. 20402).




XIV-A-1c: LOCAL AERIAL PHOTO STUDIES

QUESTION:

What are some landscape characteristics that can be observed and
measured?

INTRODUCTION:

A relatively short time ago, man was unaware that continental glacia-
tion had occurred in North America. When early investigators began
sugyesting the possibility of a great ice mass covering all of Canada
and much of the United States, they were met with much criticism., To-
day, however, we accept this and continue to gather evidence to help
us better understand characteristics such as directions of movement,
etc. In this investigation, you will be examining areas near your
home for any evidence of glaciation you can find. Try to explain the
origin of the various landforms that you see.

OBJECTIVES:

When you Tinish this investigation, you should be able to:

1. demonstrate three-dimensional viewing of aerial photo stereo-
pairs.

2. identify and describe any outstandina landscape features such
as drumlins, eskers, moraines,etc., that may be present in
your local area.

METHOD:

1. Your teacher will provide you with a stereoscope which will
enable you to see aerial photos in three dimensions.

2. Using the aerial mozaic map, locate your home or an area with
which you are familiar. Copy down the numbers of the two
photographs that cover this area. Ask your teacher for the
photographs with these numbers.

3. Study the photographs, using your stereoscope. If you cannot
see three dimensionally ask your teacher to check your method.

4. Compare what you have done with the work of other students in
the class.

ERIC

Full Tt Provided by ERIC.




QUESTIONS:

(A-1

(A-1

J1)

.21) 2.

12) 3.

.22) 4,

.24) 5.
.32) 6.

.33) 7.
.33) 8.
34} 9.

1.61)10.

.67)11.

XIV-A-lc

Describe any hillslopes with distinctive shapes which
you think could be measured.

Describe tne pattern of streams in the area studied.
Do the patterns observed have measurable characteristics?
If so, what?

Which force, uplifting or leveling, seems to be dominant
jn your area of study? Why do you think so?

Describe any evidence that suggests that the landforms
you have observed may have developed under conditions
of a climatic extreme such as glaciation.

Describe the balance between weathering and removal of
materials that exists in at least one hillslope observed.

Describe any observable effect that bedrock has had on
the shape and steepness of hillslopes studied.

Describe any areas studied where you think resistant
bedrock was responsible for features such as plateaus,
mountains, or cliffs.

Describe anv low-lying areas, such as river valleys,
where you think bedrock was responsible for the landform
development.

Lescribe any structural features such as faults and
folds for which you can find evidence. (They mag or
may not be present in the area you nhave studied

Describe any areas studied where it is evident that the
activities of man have altered the landscape.

What evidence for environmental conservation and planning
can you find in the area studied?




SUPPLEMENTARY SHEET

AERIAL PHOTO STUDIES
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A skilled earth scientist and aerial photo interpreter can learn a great deal about the basic
soil types, rock types, and ground water conditions that exist in an area by a study of aerial

stereo photos.

This is often accomplished by understanding and recognizing basic landforms.

There are only about 36 landforms in the whole world, and, of these, about one-third are rare
and not likely to be seen.

Each landform has its own set of characteristics, and aerial photos will exhibit elements of

the distinct pattern for each.

1. Topography - for some landforms this is 4.

very definite
2. Drainage - surface drainage pattern

3. Erosion characteristics - qully shapes

near surface conditions
5. Vegetation - cultivated or natural
6. Land use

Black and white aerial photes illustrate six basic elements.

Black and white tone pattern - produced by

The following chart contains descriptions of typical glacial landforms which might be found in
various regions of New York State.

i LAND BOUNDARY TOFOGRAPHIC DRAINAGE 1 VEGETATIVE TONE |
| __FORM CHARACTERISTICS |CHARACTERISTICS |CHARACTERISTICS |CHARACTERISTICS |CHARACTERISTICS REFERENCES
ESKER Well-defined 1.long, narrow, |1.qully form generally forvest|generally light jUSGS Pro-
curvilinear sligntly wind-| depends upon [covered in humid tones fessional
| ing ridges the size of climates paper #373,
| 2.depressions esker and the p. 100
f usually occur type of cli-
| along the mate
sides 2.qully spacing
3.usually occur and size are
as a single related to
ridge: ‘'ass type and depth

commonly, they
are found as
two or three
approximately
parallel
ridges and, 1f
many miles
long, they
frequently
show a general
north-south
trend

of overburden

Adapted from lecture notes, Prof. D, Belcher, Cornell University
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[ LAND 0UNDARY TOPOGRAPRIC | DRAINAGE VEGETATIVE TONE
|_FORM _ |CHARACTERISTICS |CHARACTERISTICS |CHARACTERISTICS |CHARACTERISTICS |CHARACTERISTICS | REFERENCES
KAMES T.individuals T.individuals T.general ab- usually not cul-jcrests show USGS Pro-
nave a near are isolated, sence of inte-|tivated: tree {light gray to fessional
circular to conical- to grated surface|or grass cover |white tones paper #373,
elliptical irreqularly- drainage is common . 122,
| outline shaped mounds }|2.surface rill Aerial
i 2.group has an with steep erosion often Steree¢ Pho-!
! irregular out-} sidelsopes present tographs ¢
i Vine 2.size is vari- {Wanless), |
! - able: wsually p. 19 t
_ g below 50 feet
' E in height and !
i less than 40Q }
feet in |
largest dimen= §
f sion, Rame | ; t
. f groups and | |
F ! terraces may [ !
; be much wider, ! !
Kame oraines |
. are composed 1 ‘
: 1 i of a group of ;
, ) } knobs with i ! t
' { intervening | ;
| deep depres- L ﬁ
t stons, | | ;
v l [
K T — - R P
OUTWASH  1.with lowland: i?.near-TeveI, ,1.abandoned, T.semiarid 1.general light [Aerial &
PLAINS fan-shaped { broad tracts | flat-bottomed,| climates: tqnes dotted |[Stereo
transitional | with few intersecting grass-covered with small Pairs
| zone | eroded chan- drainage 2.subhumic dark areas: {Wanless),
2.with highland: nels: Type I-| routes are 1 climates:. such terms as |p. 84
. distinct-1in- . level outwash common forest covered| '"worm eaten,"
! ear boundary | plain 2.there is or cultivated "moin-eaten,” i
-Z.many steep- little surface[ and “tapioca- |
sided, small | drainage de- Tike" are used t
to large pits,| velopment { to describe |
sharply de- | the color pat- i
. pressed below i tern of out- )
a near-level wash. E
surface: 2 .uniform tight
Type II - | tones are com- E
pitted outwash : mon on the ;
| plain E ; elevated, :
| level, culti- | ;
~ vated tracts | L
' [ and on valley
i ; train deposits. :
: i |3.dark channel :
; s and current | ‘
‘ | : markings § :
i ) usually appear: =
’ | as flow pat- | i
; ! I i terns when g
| \ large areas of |
‘ [ outwash are |
[ ‘ g viewed \ B

Adapied from lecture notes, Prof. D, Belcher, Cornell University
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| LAND | BOUNDARY R TOPQGRAPHIC DRAINAGE VEGETATIVE TONE B
é_EORM CHARACTER'STICS |CHARACTERISTICS |[CHARACTERISTICS |CHARACTERISTICS |CHARACTERISTICS | REFERENCES
' TERRACES | there is a dis- |1.the area is 1.surface uniform vegeta |l.light to |
tinct linear flat drainage is tive pattern medium gray
boundary 2.stair-stepped generally ab- with small
development sent dark spots
| between river |2.short, steep, |2.broad, light-,
and upland V-shaped toned current
: 3.areal extent qullies are patterrs may
of terraces notched into be present f
may vary the terrace 3.slackwater |
face areas are '
, S.stackwater dark-toned i
| areas border
| the upland %
ILAKE BEDS|generally insig-|l.a broad, 1.general ab- areas are 1.uniform, drab, | l
nificant exceptionally sence of sur- jheavily culti- dark gray |
flat surface face drainage |vated. .arge, tones over }
| 2.undulatine development Tow swamps may broad areas 1 |
: terrain is 2.relatively be seen in humid|{2.locally, dark | ;
[ rare large streams 'areas or mottled | E
! may cross the tones may be |
| flat area present , t
! 3.artificial : |
; drainage is | | |
common 1in i |
l humid areas | :
= T+ , + -
L TILL generally insig-{1l.young till 1.young till 1generaﬂ_y culti- l.yoqu t111' tUSGS-Pro— E
'PLAINS  {nificant blains - drift| plains: chan- vated plain - drift fessional
controlled: nelized runoff controlled: ipaper #373 !
broad, gentlv is not well mottled pat- p. 204; }
rolling, established. tern: Tlight ;Aerwa? St9r¢
Tittle dis- 2.01d till | islands (high leo Photo-
sected plains plains: a ground) with {graph

2.young titl
§1a135 - bed-
rock con-
trolled: the
influence of
bedrock is
made apparent
by the in-
creased angu-
Tarity of
streams; an
increase in
number and
steepness of
siope of trib-
utaries; or by
solution of
underlying
rock, as in
Timestone
areas

¥

treelike drain
age pattern is
well ceveloped
3.shallow till
plains:
drainage pat-
tern con-
trolled by
characteris-

tics of under-

lying material

-

dark surround-
ing areas
2.young, thin
till deposits
on unrelated
materials:

and cone con-
trast is sub-
dued

3.01d till
plains: wuni-
form light
tones witn
white-laced
gullies or
dull, uniform
tones without
white fringed
gullies

soi} mottling

(Wanless),

tp. B6

|
|
i |
t
|
|
t

Adapted from lecture notes, Prof. D. Belcher, Cornell University
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¥

=t

| DRAINAGE

VEGETATIVE i

i

LAND BOUNDARY © TOPQGRAPHIC ; TONE
FORM . CHARACTERISTICS |CHARACTERISTICS {CHARACTERISTICS |[CHARACTERISTICS CHARACTERISTICS ;| REFERENCES!
MORAINES 'generally it ig-!1.broad belt of !1.there is a lgenerally for- [heterogenous 'USGS Pro-
‘nificant; th " disordered disordered .ested or in ;mixture of light.lessional
may be irregt... hills, ridges,? drainage pat- !pasture: par- !and dark tones :paper #373,
lines or a and irregular-- tern ‘tially tilled pp. 104,
transitional 1y shaped 12.a11 types of 'land; much swamp! 1106, 122,
‘zone hollows | erosion are growth f ‘Aecial Ster-
2.Yack of hill- | common, f eo Photo-
top continuity I _graphs
'3,hills are  {(Wanless),
. small, when | ip. 17
' comparad to !
. bedrock forms :
. DRUMLINS -a distinct, 1.2 group of surface drainage/cultivated or 1ight tones when!Aerial Stere
7 ‘1inear outline ~| parallel, oval|not developed forest covered |tilled eo Photo-
| loval to cigar- to cigar- grapis :
i shaped shaped ridges (Wanless),
. 2.individual p.20
5 ridges have a
: smooth,
! streamlined
i appearance i J ‘

Adapted from lecture notes, Prof. D. Belcher, Cornell University
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iA Challenging (2) ﬁ]
|

l XIV-A-2a: IDENTIFYING LANDSCAPE REGIONS

QUESTION:

How are landscape characteristics related?

MATERIALS:

Set of topographic maps at a scale of 1:250,000, covering the entire State of New York, See
Background Information. (Raised relief maps of N.Y.S. can be used if available.)

Map: Landforms and Bedrock Geology of New York State, 1966. Available from the New York State
Museum and Science Service and accompanied by Educational Leaflet No. 20, Geology of New York,
a Short Accourt,

Blank map of New York State. See supplementary sheet #2.

SLGGESTED APPROACH:

1. Ask students if, on the basis of their travels in New York State, they could separate
the State into general tandform patterns.

2. Ask if they could do this more easily if they could see the entire State from a vantage
point many miles high. Indicate that this is possible by using ma; models of the State
that show topography.

3. Use the floor to spread out the individual topographic maps, placing them in their appro-
priate positions until a mozaic of the entire State is formed. Have students stand back
a few feet and try to determine where landform divisions should occur. (These maps can
be permanently mounted on the wall, by trimming the borders.)

4. Using their blank maps of New York State, have students sketch in landform boundaries while
studying the large map mozaic on the floor. Have them indicate some kind of a descriptive
name for each landform determined. Using a blank New York State map drawn on the chalk-
board, let the students fill in their landform poundaries. Allow a discussion to develop
and boundaries to be changed until the entire class agrees on a map.

5. Pass out copies of Landform and Bedrock Geology of New York State maps, and ask the students
if they can find any reasons why the landform regions they have identified have developed.
Is there any relationship between bedrock geology and landform development?
PRECAUTIONS:

1. Modifications may be necessary in this investigation to obtain the objectives.

2. Because the contour intervals on some of the maps arz different, make certain the students
are aware of this and consider it when inferring landform boundaries.

3. Students mey not divide the State into the same landform regions as is indicated on the

lanaform map of New York State. The fact that they have been able to identify landform
differences is much more important than agreeing exactly with another map.

TYPICAL RESULTS:

I¥ students have had some previous work with topographic maps, they should be able to identify
some basic landforms, They probably will not identify all that are listed on the landform map
of New York State. -
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MOFICIATIONS:

1. Have the students start collecting photographs of various areas in New York State a few
weeks in advance of the lab. During the lab, they could match these photos with their
various landforms, If the teacher has available s!'ides of various parts of :he State,
they also could be used. Travelogue films of New York State are nelpful in observing
various landforms,

2. Use raised relief map of New York State to identify landform regions.

3. Take the students on an aerial field trip if facilities are available.

BACKGROUND INFORMATION:

——1T"1ke
r%é::" ‘.cm:;um;
w3 197
C : T Glens
Brgge ~E3 T 08 sl
,\/:f“i YT T T Binghame |
Buffale Elmira ' ton  Albany

/{ 1962 1962-68 1944 1956-67

N

Scranton Hartford

1962 i_%_

Wew York
1357

The above maps can be ordered at a cost of $0.75 each fiom the:
Distribution Section, U.S. Geological Survey
1200 South Eads Street
Arlington, Va. 22202

The scale of the maps is 1:250,000; 1 inch on the map represents about 4 miles on the ground.

NOTE: Prepayment s requirdd, and map fo -.ade [ mone. opder opr check payable to tho o oy-
teal Survey., DPelivery will be exvedited Iy listing maps alphabetically. 2 Jdiczownt

of 20 percent is allowed on eingle crders of $20.00 or move,

REFERENCES:

Geology of New York,a Short Adccount, Educational Leaflet No. 20, pp. 32-35.

-t




XIV-A-2a: IDENTIFYING LEANDSCAPE REGIONS

QUESTION:

How are Tandscape characteristics related?

INTRODUCTION:

If you have traveled over much of New York State, you have probably
observed some different landforms. Some areas are mountainous, others
just hilly, and still other areas are low and flat with long stretches
of straight highway. You can probably picture in your mind a few dif-
ferent areas of the State and what they look like, but this would not
be enough to draw boundaries between these landforms. In order to do
this, we need a model of the entire State. In this investigation, you
will use such a model.

OBJECTIVES:

When you have finished this investigation, you should be able to:

1. match typical photographs with the various landform regions of New
York State.

2. indicate the role that bedrock piays in the development of landforms.

METHOD:

1. Help your teacher assemble the map model of New York State.

™)
.

Stand back far enough so that you can see the entire map system,
but stay close enough to see the pattern indicating-topography.

i
3. Study the map and decide where you would draw boundaries between
landforms. Try to imagine what the area would look like if ye
were flying over it in an airplane.

4. Sketch the boundaries that you have decid~.' unon on your blank map

of New York State. Label each area with .. nx iind of a descriptive
name.

5. Work with the other students at the chalkboard to develop a sat-
isfactory map.

QUESTIONS:

(A-2.11) 1. Which regions of the Siate have the highest elevation?
What landscape region would this be?

. L3zt
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(A-2.11) 2. Which areas of the State have the lowest and most level
topography? What landscape region would this be?

(A-2.12) 3. How well-defined are the boundaries between landscape
regions?

(A-2.14) 4, Describe the distinctive landscape regions that you have
been able to identify in New York State.

(B-1.31) 5. Which types of bedrock do you think erode most rapidly?
Least rapidly? Describe any relationship between kinds
of bedrcck and landscape regions identified.

(B-1.33) 6. What relationship can you find between the location of
rivers and the bedrock pattern of New York State?

)

) 7. Are there any areas where observed landscape character-

) istics are not directly related to bedrock type? If so,
can you think of any reasons why they might not te related?

‘gig 8. What are the similarities and differences between the
| Catskill and Adirondacks in topography and structure?

t33
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QUEST ION:

How

Challenging (1)

XIV-B-la: LANDSCAPE AND SOILS FIELD TRIP

is landscape development influenced by environmental factors?

MATERIALS:

Topographic maps of the area to be covered, some form of field notebook for each student, soil
auger or shovels. (Optional - hand lens, rock hammers, soil pH testing kits, cameras, etc.)

SUGGESTED APPROACH:

1.

The teacher should become familiar with the local area before laying out the route for the
field trip. This can be accomplished by studying the references cited and by driving
through the proposed area before taking the students.

The field trip route should be designed to include the following if pocsible: traverse of
two or more State physiographic regions; two or more bedrock types; and areas where well-
drained agricultural soil, forest soil and wet bog-type soil can all be sampled. Permis-
sion should always be obtained in advance from property owners before taking students to
the premises.

At least one preliminary period should be spent with students; discussing what they should
look for, how to best record their observations, and, in general, becoming familiar with the
region they will be observing. Color slides of various stops can be used to preview the
trip.

While riding, the teacher should point out as many landform features as possible. Have
students keep track of their location on topographic maps. Notes and sketches should be
made in the notebooks whenever appropriate.

At the soil sampling sites have a few of the students dig a 2- or 3-foot diameter pit a
few feet deep so that soil horizons can be easily observed and sampled. The following
observations may be made: '

a) Identification of bedrock type under soil sample. This can be done from geologic
map information or by observing nearby outcrops.

b) ldentify soils as being either transported or residual. Does the soil contain cobbles
that are different from the underlying bedrock type? Can the probable source of this
material be inferred?

c) Identify soils as to the mode of deposition:

1) horizontal layering - running water

2) unsorted - containing fine grain material, mixed with larger cobbles,
some containing scratches on their surface - {glacial ti11)

3) fine grain clays blanketing large areas and'containing no cobbles -
lake bed deposits

NOTE: If the three soils sampled are all from the same parent material, the student will
be more likely to infer the importance of slope of land (drainage), and vege-
tative cover on their development.

-y
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PRECAUTIONS:
1. Make sure students are aware of the type of clothing they should wear on the field trip,
2. A field trip like this will demand a great deal of teacher planning in order to obtain the

desired results; however, once completed, it may be used many times in the future and will
represent one of the most rewarding learning experiences of the course.

REFERENCES:
Geologic map of the area (available from New York State Museum and Science Service, Albany,
New York)
New York State Geological Association Field Guide Books - refer to listing (Investigation
XIII-A-1a)

Glacial geology bulletins of the area (available from the New York State Museum)

Soil survey bulletin of your county. Those produced in recent years are very useful in
describing bedrock and sofl associations, suggested soil usages, etc.

A soil survey published by the U.S. Department of Agriculture that is still in print may be
obtained in one of the following ways:

1) A professional user in the area surveyed can obtain a free copy from the local

office of the Soil Conservation Service, from their county agent, or from their
congressman.

2) For a time after publication, copies may be purchased from the Superintendent of
Documents, U.S. Government Printing 0ffice, Washington, D.C, 20402.

3) Many libraries keep published soil surveys on file for reference,

LIST OF PUBLISHED SOIL SURVEYS IN NEW YORK STATE
AS OF April 1969

1942 Albany and Schenectady 1938 Monroe
1956 Allegany *1308 Montgomery
*1904 Auburn Area *1906 Niagara
*1902 Bigflats Area 1947 Niagara
*1905 Binghamton Area _ *1913 Oneida
1932 Broome 1938 Onondaga
1940 Cattaraugus *1910 Ontario
*1922 Cauga 1958 Ontario and Yates
*1914 Chautauqua *1912 Orange
1932 Chemung 1939 Orleans
*1918 Chenango *1317 Oswego
*Clinton 1940 Otsego
*1923 Columbia 1937 Rensselaer
*1916 Cortland *1917 Saratoga
1961 Cortland *1915 Schoharie
*1930 Delaware 1942 Seneca
*1907 Dutchess 1931 Steuben
1955 Dutchess 1925 St. Lawrence
1929 Erie *1928 Suffolk and Massau
1958 Franklin 1946 Sullivan
*1922 Genesee -*1903 Syracuse Area
1969 Genesee 1955 Tioga
*1923 Herkimer Area *1905 Tompkins
*1911 Jefferson 1965 Tompkins
1960 Lewis 1940 Ulster
*1908 Livingston *1909 Washington
1956 Livingston *1919 Wayne
*1903 Long Island Area *1901 Westfield Area
*1902 Lyons Area *1919 White Plains Area
*1906 Madison 1938 Wyoming
*1910 Monroe 1916 Yates

*out of print

L3e




XIV-B-1a: LANDSCAPE AND SOILS FIELD TRIP

QUESTION:

How is landscape developmznt influenced by environmental factors?

INTRODUCTION:

The earth scientist uses many tools, such as aerial photos and topo-
graphic maps, when making a study of a particular region. But asso-
ciated with this, he will, whenever possible, do extensive field work.
While on these field trips he usually collects samples, makes sketches
and photographs, and takes notes that may aid him in drawing inferences
about the landscape. During this field trip, yoi will have an opportu-
nity to do the same.

OBJECTIVES:

When you have finished this. investigation,you should be able to:
1. describe the general landforms covered on the field trip.

2. describe in terms of color, degree of wetness, and amount of
organic material the three or more soils investigated.

3. 1infer reasons why the landscapes and soils observed on this trip
have their distinctive characteristics.

METHOD:

1. Record descriptions and sketches of the various landforms which
you see,

2. Keep track of your location at all times on the map provided for
your use.

3. Record the exact location of any evidence for glaciation that you
are able to observe.

4. By observing bedrock outcroppings along the highway, attempt to
keep track of the type of bedrock which you are passing over.

5. You will probably stop at several locations where soil horizons

can be observed and sampled. Record as much information about the
soils as you are able and make sketches of what you see.
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XIiv-B-la

QUESTIONS:
A-2.14) ' at landscape regions were you able tc observe?
(A-2.12) 2. How well defined were the boundaries between landscape
regions?
(B-1.11) " . : e .
(B-1.12) 3. Uhich of the two dominant forces, uplifting or leveling,

was dominant in each landscape region observed? How
could you tell?

(B-1.13) 4. Describe specific changes in landscape development that
you were able to associate with crustal uplift or

subsidence.
(8-1.21)
(B-1.22) 5, Has the region you observed undergone any change in climate
(B-1.23) during the last million years? What evidence can you use

to support this? What effect did it have on the landscape
development in the area?

(B-1.24) 6. How was the steepness of hillslopes in the areas observed
related to weathering and removal of materials?

(B-1.31) 7. What changes in landscape development were you able to
observe as you passed over boundaries from one bedrock
type to another?

(B-1.32) 8. What changes in hillslope were you able to observe as you
passed over boundaries from one bedrock type to another?

(B-1.33) 9, What effect does a layer of very resistant bedrock have on
landscape developmeni? Describe some of the landforms
that may be found in regions having a resistant layer like
this.

(B-1.33) 10. Describe the landforms that may be observed in areas under-
lain by weak bedrock (rock that erodes quickly).

(B-1.34) 11. If your teacher pointed out any structural features such
as faults, folds, and joints, describe what effect they
had on landscape development.

(B-1.35) 12. Describe any associations between stream characteristics
and bedrock type that you were able to observe,

(B-1.51) 13. Describe the environmental factors that are responsible
for the landscape development in each region visited.
What effect would a change in one or more of these factors
have on the landscape observed?
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XIV-B-la

(A-1.31) 14, Describe the various soil associations and their charac-
teristics that you observed on this field trip.

(B-1.27) 15. What effect would a change in climate have on these so0il
associations?

(B-1.36) 16. Describe any associations between bedrock type and soils
that you were able to observe.

(B-1.61) 17. Describe any landscape alterations that the activities
of man have produced which you were able to observe on
this field trip.

(B-1.63) 18, What relaticnships were you able to observe between land-
scape alterations and man's population density?

(B-1.64) 19. Describe any destructive rapid changes in landscape devel-
opment that you observed that you could identify as being
due to man's activity.

(B-1.66) 20. Describe areas observed on your trip where it was evident
that careful planning of natural resource use and devel-
opment was taking place. Describe areas where it was
evident that littie planning was being done.

(B-1.67) 21. Describe any areas where man was attempting to reclaim a
landscape region after it had been misused.
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Challenging (1)

XIV-B-1b: PLOTTING EVIDENCE OF GLACIATION

QUESTION:

How is landscape development influenced by environmental factors?

MATERIALS:

Four or more contiguous topographic maps of your local area on a bulletin board or wall,
Various colored felt tip pens for marking symbols on the map. Reports on the glacial geology
of the area, such as the New York State Museum Bulletins.

SUGGESTED APPROACH:

1. Mount four or more contiguous topographic maps of the local area on a bulletin board or
the wall.

2. Let the class mark these maps with appropriate symbols to note the glacial features they
have found. Students may devise their own symbols or consult one of the references cited
in this investigation for the system used on standard geologic maps. The followirg
features may be considered: .

a) glacial scratches on bedrock surfaces

b) large erratic boulders (identify possible source area if you can)

c) till fabric information

d) drumlins (long axis)

e) melt water deposits (roughly stratified and sorted sand and gravel)

) eskers, kames, kame terraces

) knob and kettle topography

) outwash plains or valley trains

) glacial lake deposits (deltaic gravel deposits, evenly bedded sands, layered lake
bottom clays) :

) abandoned shorelines of glacial lakes (beach ridge sand deposits etc.)

) abandoned outlets of glacial lakes

) location of indicator stones and indicator fans. Erratic pebbles and boulders,
consisting of unusual rock types from source areas of limited extent, indicate
the direction of glacial movement. For exampie, the Monyeregian Hills near
Montreal contain unusual types of ignecus rocks. Erratics of these rocks occur
in New York State and clearly indicate the direction of glacial movement. (See
Martens: Glacial Boulders in Eastern, Central, and Northerm New York, in New
York State Museum Bulletin, No. 260, June 1925.)

m) direction of crescentic and lunate fractures, especially on glaciated exposures of
. quartzitic sandstone, e.g., Potsdam, Oneida, and Shawangunk sandstones, (See Flint:

Glaeial and Pleistocene Geology, Wiley, 1957.)

PRECAUTIONS:

Students may consider their evidence as the “absolute truth." Their conclusions are inferences.
Alternative inferences should be encouraged.

MODIFICATIONS:

1. If students are neat in their plotting of data, the same maps could be used in subsequent
years with successive classes adding information to the maps.

2. Further research could be done by student comittees; e.g., committees being responsible
for locating large erratic boulders, glacial scratches on bedrock, or exposures of till,
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REFERENCES:
Glactal and Pleistocene Geology by Richard Foster Flint, Wiley, 1957.

Muller: Pleistocene Geology of Chautaugua County, New York (New York State Museum Bulletin
No. 392, Part 11, Albany, 1963).

MacClintock and Steward: Pleistocene Geolegy of the St, Lawrence Lowland (New York State
Museum Bulletin No., 394, Albany, 1965).

Check for professional bulletins covering your local area,
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XIV-B-1b: PLOTTING EVIDENCE OF GLACIATION

. QUESTION:

How is landscape development influenced by environmental factors?

INTRODUCTION:

When an earth scientist investigates a problem, he must decide on, and
follnw, an organized approach. Especially important is developing a
system whereby much diverse observational data can be illustrated and
interpreted as conveniently as possible. In this investigation you
will have an opportunity to develop such a system,

O3JECTIVES:

When you have finished this investigation, you should be able to:

1. describe a logical approach to the study of the glacial geology of
your region, The description snould include:

a) evidence you would look for

b) methods of analysis, including the use of topographic maps,
aerial photos, and field observation

c) tabulation of data that you would collect

METHOD:

1. Mount four or more contiguous tOpGGT&phTC maps of your local area
on the bulletin board.

2., Decide on a system of symbols that zan & neatly drawn on the maps
to illustrate various forms of evidence for glaciation. New sym-
bols may have to be added to the key as future evidence is collected.

3. Plot the evidence for glaciation that you have found during your
studies of local landscapes.

QUESTIONS:
(B=1.21) 1. What are your interpretations of the evidence that you
(B-1.22) have collected? In what climatic environment were these

Tandscape features formed?

(B-1.23) 2. Describe the rate of landscape development that probably
existed when these features formed compared to the rate
of landscape development in the same area now.

3. What other ways can you suggest to illustrate diverse
geologic data, instead of using a map?
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Easy (1)

XIV-B-1c: EXPONENTIAL POPULATION GROWTH

QUESTION:

How is landscape development influenced by environmental factors?

MATERIALS:
A large number of small uniformly shaped objects (e.g., kernels of corn or dried beans, each

group of students will need 2,048 objects to complete the investigation), beaker, stack of paper
cups, and graph paper.

SUGGESTED APPROACH:

1. Involve the students in a discussion on human population. Consider such points as:
a) How long have humans been on the earth?

b) How do the rate of population growth during early periods of human existence compare
with population growth rates of today? Why the change?

c) 1If the present doubling period of the world population is about 37 years, how could
you best describe, in mathematical terms, the rate of human population growth?

2. Indicate to the student that this investigation represents a model of population growth
and will help them to better understand the mathematics of such a growth rate.

3. Provide the students with the necessary materials and handout sheets, and allow them to
complete the investigation.

4. When completed, including preparation of the graph which can be done as homework, conduqe
a discussion during which you may want to consider some of the following:

a) Are there any limitations concerning the number of people the earth will support?
b) what Timitations will be most critical, i.e., which will 1imit population growth first?

c) Are there any areas of the world where these problems are apparent now? If so, is it
because of local population densities or is it more widespread?

d) What factors should be considered in determining an optimal population for the earth?
What would you co.sider an optimal population? Have we reached it yet?

e} What long-range problems will we face 1f we overpopulate the earth?

MODIFICATIONS:

1. You may wish to have the students consider the population growth occurring in your own
county area as shown under Background Information. For more complete information you
want to obtain the booklet 1isted under references below or contact your distiict office
director of the Office of Planning Coordination as listed:

Metropolitan New Vork ~ Howard S. Quinn
1841 Broadway, Roam 711
New York, N. Y. 10023
(212) 586-7800
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Capital District

Central New York

Western New York

BACKGROUND INFGRMATION:

(See next page.)

REFERENCES:

Jamas K. Van bervort
488 Broadway

Albany, N. Y. 12207
(518) 474-8640

Robert C. Hansen

State Tower Building

109 S. Warren Street, Room 302
Syracuse, N. Y. 13202

(315) 474-5951 Ext. 291

Myron J. Elkins

General Donovan State Office Building
125 Main Street

Buffalo, N. Y. 14203

(716) 842-2393

Xiv-B-1c

Demographie Projections for New York State Counties to 2020 A.D., available fron the Office

of Planning Coordination.
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BACKGROUND INFORMATION: XIV-B-1c
SUMMARY POPULATION PROJECTIONS (in thousands)

— -
| _COUNTY r*sso 1960 | 1965 | 1970} 1975 1980 | 19tS | 1990 1995| 2000} 2005 2010 | 205 2020
ALBANY 239 ] 273} 285| 303| 327] 352] 3br i 413] 446] 482 520] 562| 607] 655
ALLEGANY 44 44 46 47 48 49 51 | 52 54 56 57 59 62 64
BRONX 1,451 1 1,425) 1,622 ) 1,655} 1,576 | 1,591 | 1.608 | 1,625} 1.639] 1,653 ) 1,662 1,672 1,681 1,687
BROOME 185 | 213} 222| 231] 245} 262! 2”0 | 2991 316} 335] 354! 376| 400! 424
| CATTARAUGUS 78 80 82 82 82 83 84 gF 87 89 91 94 97! 100
CAYUGA 70 74 77 78 80 82 84 87 89 80 33 85| .,98] 101
CHAUTAUQUA 1350 145)] 15v | 153] 157] 162 168 | 174} 180] 187 04| 2021 2111 220
CHEMUNG 87 89] 104] 108} 113} 120] 128 ] 135} 14~] 149! 1571 165] 174] 183
| CHENANGO 39 43 a6 a7 49 52 54 57 60 62 65 69 72 75
| CLINTON 54 73 81 86 90 95| 101 107 114} Y19} 128 132] 139| 147
COLUMBIA 43 47 49 5 53 65 57 60 63 65 68 71 74 77
|_CORTLAND 37 41 44 46 43 50 63 57 61 65 70 75 8* 8a
OLLAWARE 44 44 43 42 42 42 43 43 44 44 45 45 46 47
DUTCHESS 1371 176 -zi0| 240 2751 318 370 | 432 604] 689| 685) 80O| 955 1,092
ERIE 899 | 1,065 1,083 | 1,102 | 1,150 ] 1,211 | 1,282 | V,353} 1,419} 1,485] 1,650 1,625] 1,709 1,794
ESSEX 35 35 36 36 36 37 38 39 39 40 41 41 42 43
FRANKLIN 45 45 45 45 45 46 48 51 63 56 59 62 66 70
FULTON 51 51 51 51 50 51 52 54 55 56 57 58 60 62
GENESEE 48 54 57 60 62 66 70 75 79 83 87 92 971 102
GREENL 29 31 33 33 34 36 37 39 40 42 44 45 47 39
HAMIL TON 3 3 3 3 4 4 3 3 4 [) 3 3 a 3
HERKIME R 61 66 68 69 Nl 7 76 79 81 84 86 89 92 95
JEFFERSON 86 88 89 87 86 85 87 89 90 92 a3 96 97 99
KINGS 2,738 | 2,627} 2,704 | 2,725 2,697 ) 2,671 | 2,649 | 2,626 2,606| 2,583 | 2,654 | 2,629 | 2,606 | 2.478
LEW!S 23 23 24 24 24 24 24 24 24 24 24 24 24 24
LIVINGSTON 40 44 48 50 52 55 59 62 86 70 74 79 84 90
MADISON 46 55 57 61 68 75 84 93] 102] 1tv] 122] 135| 149] 163
MONRO® 488 ] 586] 644] 699] "751| 807 867 ] 927] e88] 1,052) 1,112) 1,178] 1.,247] 1,318
MONTGOMERY 60 57 57 56 55 54 54 54 54 53 53 53 64 |7 54
NASSAU 673 ] 1,300} 1,387] 1,444 1,511} 1,507 | 1,679 | 1,743] 1,791] 1,836 1,879] 1,928 | 1,377 | 2,027 |
NEW YORK 1,960 | 1,698| 1,664 | 1,540 | 1,606} 1,478 | 1,450 | 1,424 ] 1,395] 1,368 1,335 1,297 | 1,058} 1,217
" NIAGARA 190 ] 2421 24v] 248) 256} 272} 291 | 310} 327! 346] 366| 391] 418 445
ONEIDA 223] 264] 280] 295] 3117 3321 3541 377! 309]| 422| 447 474] 503| 534
ONONDAGA 342] 4231 4571 a9V 5271 5681 614! 661 709] 758] 808 863] 923| 985
ONTARIO 60 68 73 76 80 85 90 95! 100] 105] 110} ne] 1221 128
ORANGE 152 ] 184] 223) 268! 324] 394] 459 ] 534 620] 718] 827] 9271 1,0. | 1,159
ORLEANS 30 34 37 39 40 43 a5 | a7 49 51 53 56 58 60
OSWEGO 77 86 a3 99| 107] 118] 1291 14y 152] 164] 178] 194] 211] 229
OTSEGO 51 52 54 54 56 58 61 64 67 71 75 80 86 92
PUTNAM 20 32 42 53 67 82] 100} 121] 145} 169] 196] 225] 256 287
QUEENS 1.5561 | 1,810} 1,946 2,047] 2,120] 2,181} 2,233 | 2,270] 2,301] 2,332} 2.,354] 2.378 2.401] 2,421
RENSSELAER 133] 143} 1531 1631 174 196)] 200] 214] 229% 2a5] 2621 280 301 322
RICHMOND 192 222] 260] 296] 335] 381] 438! 4s3] s545)] 602] 663] 730] -795] 863
ROCKLAND B3| 137] 182) 231] 266] 307 354 408] 462] 518] 78] 647] 726] 814
ST. LAWRENCE 99] 111] 120] 126] 134! 143} 154} 165; 76| 188] 200} 215! 230] 245
SARATOGA 75 89 99] 108} 117] 128)] 140 154] 168] 183] 199] 218 238| 260
SCHENECTADY 142] 53| 161] 165] 1727  182) 192] 202] 211 221] 231] 243] 256) 269
SCHOHARIE 23 23 23 23 2:{ 723 24 24 24 25 26 27 28 28
SCHUYLER 14 15 15 16 N 17 17 18 19 19 20 21 21 22
SENECA 29 32 34 34 35 36 38 39 40 41 42 42 43 44
STEUBEN 91 98} 100} 102} 104} t07) 110] 114]  n7]  120]  123] 126] 129} 133
SUFFOLK 276 667} 910 1,155 1.380] 1,663} 2,022 | 2,463} 2,974] 3,383] 3,751 4,006] 4,427 ] 4,720
SULLIVAN 41 45 48 49 50 52 53 55 57 58 59 61 63 65
TI0GA 30 38 43 47 51 56 62 67 73 79 85 91 98| 104
TOMPKINS 59 66 75 82 89 96| 105] 116] 1271 138} 151 164] 179] 195
ULSTER 93] 19] 136] 143] 160} 172§ 187 203] 220] 237] 255] 275] 2971 319
WARREN 39 44 47 49 52 55 58 61 84 67 7 75 79 83
WASHINGTON a7 48 49 48 49 50 52 55 57 60 63 67 7 75
WAYNE 57 63 73 79 85 93} 102] 113] 123] 134] 147] 18 176 ] 193
WESTCHESTER €261 809] 856| 947] 1,044] 1,138] 1,242] *.351] 1,440 1,8341 1,6321 1,738 1,852] 1,969
WYOMING 33 35 6 36 a7 371 38 39 41 43 45 47 49 51
YATES 18 19 19 19 b 19 20 21 22 23 24 25 27 29
NEW YORK STATE| 14,830 {16,782 17,794 | 18,761 | 19,868 20,767 | 22,004 [23,355] 24,744 | 26,079 27,402 | 28.803 | 30.288 | 31,783
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XIV-B-1c: EXPONENTIAL POPULATION GROWTH

QUESTION:

How is landscape development influenced by environmental factors?

INTRODUCTION:

Man is now beginning to realize that he is facing an environmental
crisis, Many of the hastily made and poorly planned changes that he
has inflicted on his environment are now backfiring and making him pay
both in financial terms and in more humanistic terms , such as mental
and physical health.

Whenever environmental problems are investigated, it is usually found
that the basic causes are the products of man himself, namely his
advanced technology and his increasing population density.

In this investigation you are going to investigate the mathematical
nature of man's population growth.

OBJECTIVES:

When you have finished this investigatiom you should be able to:

1. describe the mathematical nature of man's population growth in the
past.

2. extrapolate into the future what the world population will be for
any given time, if the present growth rate continues.

METHOD:
1. Place a glass be.ker on your desk with two objects in it. This
will represent the earth which will hold only a finite population.

2. Place a number of paper cups in a row on your desk (10 should be
enough). |

3. In the first cup, place two of the objects. In the second cup,
place twice as many as in the first cup (4). Record on the out-
side of the cups the number of objects that have been placed in
each cup.

4. 1In cups 3 through 10, double the number of objects that are in the

previous cup (i.e., cup number 3 will contain 8 and cup number &
will contain 16). Record the amount in each cup on the outside.
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5. Take the beaker with the two objects in it and determine the
beaker's height. What is the approximate volume in percent that
is without objects? Record this on the table at 0 time.

6. In 35 seconds, add the contents of cup 1 (i.e., 2 objects) to the
beaker and record in the table the total population and the ap-
proximate percent of the volume of the beaker that is without
objects. . o

7. At 35-second intervals, add the contents of cups 2 through 10 and
fill in the table.

% Volume % Volume
Time Population without Time Population without
0 6
1 7
2 8
3 9
4 10
5

8. Graph your results, total population versus time.

QUESTIONS:

1. Describe the mathematical nature of the population growth
of the objects in the beaker. '

(B-1.62) 2. Man's population on the =2arth is thought to have had a
slow start with doubling periods as long as 1 million
years. The present world population is thought to be
doubling at a rate of every 37 years. How would the
mathematical nature of this growth rate compare to your
investigation?

3. The present world population is about 4 1/2 billion people.
If the earth's radius is about 6400 km. and about 3/4
of its surface is covered with water, what is the present

density of human population in terms of number gf people
per square kilometer? (Area of a sphere = 4x r )

{ 4. Assuming a continuation of the present population growth
rate, what will the density per square kilometer be 37 years
from now? 111 years? 1,110 years?

5. Is space the only limiting factor in determining maximum
human population? If not, describe others.
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I-A-la
I-A-1b
[-A-2a
I-B-1a

[-B~

*LTI
*LTI
LTI
LTI
LTI

FE
FE
FE

*FE

*FE

1b

#1
#2
#3
#4
#5

#1
#2
#3
#4
#5

I1-A-1a

II-C-
I1-C-

la
1b

INVESTIGATIONS INVENTORY

(An asterisk indicates investigations that must have special reference materials

ordered in advance. Check the "MATERIALS:"

Tlems I

Shoebox Observations
Puddle Observations
Classification

Density

Variable Density of Water

Weather Long-Term Investigation
Earthquake Long-Term Investigation
Sun's Patch Watch

Air pollution Long-Term Investigat
- #19

School Building and Grounds
Pit

Stream

Cemetery

Beach

Sunspot Analysis
Roadside Pollutants
Air Pollution - Human Mortality

jon —
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III-A-Ta
III-A-2a
III-A-2b
III-A-3a
III-B-la
II1I-B-2a
I11-B-2b
*I1I-B-2¢

IV-A-la
IV-A-1b
IV-A-lc
IV-D-1a
IV-C-1b
IV-D-1c
IV-D-2a

V-A-la
V-A-2a
V-B-1a
V-B-1b
V-C-la

VI-A-la
VI-A-1b
Vi-A-ic
VI-A-1d
VI-B-la

1isting for these labs for specific

Earth's Shape

Earth's Circumference
Roundness and Smoothness
Ocean Bottom Profile
Locating Positions
Temperature Field
Contour Mapping

Earth's Magnetic Field

Celestial Observations

Moon's Path

Sun's Path Analysis

Planet Phases

Heliocentric and Geocentric Models
Solar Diameter

Orbits

Electromagnetic Spectrum
Heat Transfer

Changes in State

Energy Absorption
Specific Heat

Angle of inseolation

Solar Altitude Observations
Duration of Insolation
Land Water Temperatures
Terrestrial Radiation




— *VII-A-la
— *VII-B-la
— VII-C-la
— VII-C-1b
— VII-C-3a
— VII-C-3b
— VII-C-4a

— VIII-A-la
— VIII-A-3a
— VII1-A-3b
— ViII-B-la
— VIII-B-2a
— VIII-C-la

— IX-A-la
— IX-A-1b
— IX-A-lc
— IX-B-la
— IX-B-2a

—_ X=-A-1a
—_ X-A-1b
— X-A-1c

Weather Watch Analysis

The Synoptic Weather Map

Evaporation

Vapor Pressure

Adiabatic Cooling and Cloud Formation
Dew Point-Cumulus Cloud Formation
Air-Water Interaction

Soil Water Movement

Stream Pollution

Water Purification

The Local Water Budget

Stream Hydrograph

Climate of an Imaginary Continent

Soil Formation

Reaction Rate and Particle Size
Rock Abrasion

Nature of Sand

Stream Flow

Deposition of Sediments
Stream Table
Density Currents
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—  XI-A-la
— XI-B-2a
—  XI-B-2b
— XI-C-la
—  XI-C-2a

— *XII-A-1la
— XII-A-2a
— *XTI-A-2b
— XII-A-2c
— XII-E-2a
— XII-D-la

—*XIII-A-la
—*XIII-A-1b
— XIII-B-1a
— XIII-C-la
— XIII-C-1b
— XIII-C-2a
— XIII-C-1a

— XIV-A-la
— *XIV-A-1b
— *XIV-A-1c
— *XIV-A-2a
— *XiV-B-la
— XIV-8-1b
— XIV-B-lc

Rock Properties

Properties of Minerals

Structure of Minerals

Formation of Sedimentary Rocks
Formation of Nonsedimentary Rocks

Evidence of Crustal Movement
Earthquake Watch Analysis

James Hall's Field Trip

The spreading Sea Floor

Location of an Epicenter

Field Trip Through the Mountains

Geologic History of hew Yerk State
Geology of the Crand Canyon
Footprint Puzzle

Geologic Time Line

Correlating Rock Qutcrops
Radioactive Decay

Variation Within A Species

Ti11 Fabric Field Trip

Regional Aerial Photo Studies
Local Aerial Photo Studies
identifying Landscape Regions
Landscape and Soils Field Trip
Plotting Evidence of Glaciation
Exponential Population Growth




