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Challenging (1)

IX~A-Ta: SOIL FORMATION

QUESTTON:

What is some evidence that earth materials weather?

MATERIALS:

Two soil samples, one top so0il the other subsoil. If possibie, both should be derived from ig=
necus rock. {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: @ magnifier, teasing needle, coarse-grained granite, crushed granite (10 mi.), small con-
tainers. If available, stereo microscopes work very nicely for viewing the soil samples.

SUGGESTED APPROACH:

1. Give students the materials tisted 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 1isting 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 & good idea, but will
increase the laboratory time beyond the normal period,

TYPICAL RESULTS:

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

MODIFICATIONS:

Use any residual soifl and its parent rock, The problem here is that New York State contains

very little residual sofl, Students should be made aware that MNew York's soil is predominant-
iy transported,

REFERENCES:

Investigating the Farth, pp. 274-275, Teacher's Guide, pp. 334,



IX-A-Ta: SOIL FORMATION

QUESTION:

e

What is some evidence that earth materials weather?ﬂf-ﬁ”fff'-f’*“:"'”

INTRODUCTION:

The weathering of granite results in a number of byproducts such as_g;{.;;_
small 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 eventuai]y transported
~away by infiltrating ground water and surfacé running water. ' In’ th1s
particular investigation, you will study the products of gran1te that
accumulate when weathering occurs, L -

OBJECTIVES: L
When you have f1n15hed this qnvest1gat1on,y0u should be ab]e to ex- ;“'

plain the relationship between soil, weathered rock, and the parent iﬁf’ﬂwfif
rock., _ . RS S

METHOD:

1. Examine the granite and soil samples g1ven 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 guantity of each mater1a1 in. a :
separat? test tube of water, shake the test tube and Iet it
settle?!

2. As you progress through your exam1nataon of the various samp?es,
make a list of the similarities and dlfferences between them.é'

* QUESTIONS: -

(A-1,12) 1. How are the gran1te and the two 3011 sampfes's1m11arjto
each other and how are they d1fferent? o _

2. Can you identify any of the m1nerals that are present in
the granite as well as in the soil samples? = What are.
they? What are the propert1es whtch allowed you to -
identify them? . _ .

(A-1.31) 3. What arrangement can you make of the mater1ais as they
would be found from the surface of the ground downward?



Easy {1)

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

QUESTION:

What is some evidence that earth materials weather?

MATERIALS:

Four different size quantities of marbTe chips, dilute hydrochloric acid, balances, 250 mi,
beakers, timer, Tab aprons, graduated cylinders, safety glasses, sieve kit,

SUGGESTED APPROACH:

1. Preparation of Materials:

a} Marbie chips may be obtained at very reasonable cost from local nurseries., Approx-
imately 5 gm, will be needed for each student group.

PRECAUTIONS:

t. The students should weap the Tab aprons and safety glasses at all times during this
investigation.

2. Particles larger than & mm. may take more than one class pericd to dissolve.

3. Do not substitute test tubes for beakers.

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

MOBIFICATIONS:

Use Alka Seltzer if rock material isn't available.



IX-A-Tb: REACTION RATE AND PARTICLE SIZE |

QUESTION:

What is some evidence that earth materials weather? 

INTRODUCTION:

In this exercise,you are going to investigate the re1at10nsh1p between,”,_”’ﬂci7ii
. the partlcie size of a part1cu1ar rock and the rate of reaction of an’ B
acid on it. _ _ T e

OBJECTIVES:

'\
i
\

When you have finished this 1nvest1gat1on you shou1d be ab]e to'kff"'”'

1. state the relationship between reaction rate and part1c1e swze._ “

2. relate reaction rate versus particle size to weather1ng in the
natura1 env1ronment : _

METHOD:

7. Crush the marble chips until the largest part1c1es are 1ess than  f:_;j'py,
/2 cm, in d1ameter _ e o

2. With a sieve kit or homemade wire screens, separate Lhe rock 1ntof ,fﬂf:’“
four different size fractions. The fractions shou1d ranqe from
about 4 to 5 mm, down to a coarse dust : : -

3. Mass 5 gram portions of each of the four szzed fract1ons of rock 7};

4, Place 100 milliliters of the dilute hydrochioric ach Tn each of_ﬁ 
the four 250 milliliter beakers. _ AR

5. Add the rock to the acid (GENTLY) and measure thé tﬁmé'néeded'fo?fiﬁi:
the rock to be completely dissolved (when no more bubb1es CUCTE
given off). R
6. Prepare a graph of your observations (partac?e s1ze versus 1engthﬁffﬂ”
of reaction time). _ L o
QUESTIONS: | | 5
(A-1.21) 1. What interpretation can be drawn from your graphs? o

(A-1.21) 2. What controls in this investigation ‘allow you to 1nterpret;f
the relationship between particle s1ze and react1on rate?



IX-A-1b
What experimental errors might be present in this inves-
tigation that were not taken into account?

How is this investigation related to naturally occurring
geological processes?



Challenging (2) |
IX-A-Tc: ROCK ABRASION

QUESTION:

What is some evidence that earth materials weather?

MATERIALS:

s T
Bottle or covered cans, balance, soaked rock, (soft limestone or shale), screen, clocky. =
graph paper, large bottle (for rock debris). JE S SR TE T

SUGGESTED APPROACH:

1. Angulan freshly broken chips of limestone or shale, soft enough to abrade, provide ..
thg be§% material for this investigation. The chips should be soaked at least one : .- U
hour prior to the period they are to be used. This soaking enables the mater1a1 to:' TR
absorb water and reduce experimental error. R Sl

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"t1ﬁé'fsgg'{f '[f'
should be undertaken, This discussion should include controls, expertmenta1 error,;-_f Sl
suggested time intervals, measurement, and graphing of the data, _ AN

4. After each group has completed their shaking time, have them d1spose of the water S
in a common container. R

5. Following completion of the investigation,a chart of all thé student data should be“lfﬁ"
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 erode
as easily and the results in the succeeding investigation will be quite poor and
difficult to interpret, _

3. The rate and manner of shaking of the different groups should be as s1m11ar as 1?_;
possible. _ el

4, In order to get standardized results,it will be necessary to express the abras:on as
a percent of weight Tost rather than an amount, . .

TYPICAL RESULTS:

If the procedures are standardized, the results of the students shou!d be qu1te s1m13ar
The data, although scattered, should illustrate an increase in the mass lost per unit time.,
A Teveling off of the weathering rate may become evident if the times become extended. This:
leveling is due to the particles becoming sufficiently rounded to reduce the rate of weather1ng
significantly. ek .

MODIFICATIONS:

1. Use other var1ab1es such as different types of recks rhythms for shak1ng, or amounts
of water. . 5 i L
REFERENCES

Tnvestigating the Eavth, pp. 17-19, Teacher's Guide, pp. 42-44" -




[X~-A-Tc: ROCK ABRASION

QUESTION:

What is 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 that rocks undergo as they are carred in a
stream as a result of contact with the streambed, as well as other mate-
rials in the stream,

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

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

METHOD:

1. Take two spoonfuls of soaked rock. Using the balance, determine
the mass and record it. Place the rock in the jar provided, add
500 ml. of water and shake the jar for the assigned number of
minutes with the motion 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. Determine the mass of the materials on the paper towel and record
it.

4. Compare the materials on your paper towel wfth those of groups
having different 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 the mass, and place it
in a funnel. Pour the 100 m1. of discard 1iquid through the
filter paper 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.



© QUESTIONS:

Determine the percent of change in mass for the particu?ar
you shook the contents of the container. . Place your data wzth
that of the other groups on the summary data chart prov1ded on
the board. LR

initial mass - final mass . 2
1nit1a1 mass_ X 100

percent change =

. .Us1ng ‘the data co]lected by the entire. c]ass, draw a graph .
consisting of _shaking t1me versus percent of mass- lost :

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

(A-1.21) 2. 'what generaiizat1on can you make after compar1ng the
o . observations of your remaining rock chips with. those.
of the other groups who had d1fferent 3 ak1ng t1mes?

(A-1.21) 3. What interpretation can you give of your graph of the _frTf"'” @
data compiled by the class? o

(A-1.21) 4.  How can you account for the leveling. off of the curve
L as it approacheS'ﬂﬁ1onger shaking. pertods7 L

5. How many grams of rock per 100 ml. went 1nto suspens1on? ff*i?fo}ff
into solution? | e ._ o

(A-1.11) 6. Hhat comparisons ‘can you draw between this 1nvest1gat1onffi?3f7f*5

o © " -and the natural environment? e



Basy (1.6)

IX-B-1a: NATURE OF SAND

QUESTION:

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 aliowed 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~Tla: NATURE OF SAND

QUESTION:

What evidence suggests that rock materials are tranSpbrted? }f]ffﬁhfffngff;f; }ﬁ

INTRODUCTION:

Sand is the result of many earth processes. In th1S\1nvest1gatlon,youg_;

will make a large number of observations concerning the "nature of -
sand" and gain an insight into its source area, transPGrtation media,;g;LH_
and area of deposition. . TSR e T

OBJECTIVES: | _
When you have finished this investigatioﬁsyou'shou1d béfabTenfbr A

1. detect differences in sand samples.

2. make inferences as to the origin of sand, and weather1ng agents R
responsible for its condition. S e

METHOD:

1. Examine the sands available. Use both the una1ded eye and your
magnifier. Note the size and shape of graans, their co1or and
transparency. _ i

2. Using any of the materials provided, determ1ne the propert1es
~f the dominant material in the sand. Record the properties of
«y other materials that you think are present. NOTE: D1amonds
and gold are found in sands in some parts of the wor1d o

3. Fill two small cans of equal size with d1fferent sands, Compare L
their mass. Examine the samples with the magn1f1er and test them.ﬁ;;g 3
with a magnet. Record your observat1ons. S i

4. Take the crushed fragments provided and examine the part1c1es.'__ f; '
Compare these to the samples of sand. Record your observat1ons._,:_

5. Place some of the crushed particles in a test tube half f111ed T
with water, shake them and allow them to sett1e. Record any sortnq'
ing that might take p]aceo o e ﬂl

6. Examine the specimens of the various k1nds of sandstone. Try to e
rub some of the grains off. Note what happens w1th each specamen._

7. Put a drop of hydrochloric acid on each sandstcne spec1men and .
record what happens. | _ _ _ | __:___H_T”.




QUESTIONS :

(B-1.21) 1.

(B-1.21) 2.

(B-1.21) 3,

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 sq what were
their characteristics? What characteristics do all the
materials in the sand have in common? '

What were the similarities and differences 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 1ike to make about where the

sand originated? How was it transported? How was 1t

deposited? If given more time and the hecessary equip-
ment,do you think you could investigate these materials
Tonger and come up with additional observations? What
wou'ld 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

¢} color changes after application of the acid



f Eusy'(?)tﬁ

IX-B-2a: STREAM FLOW

QUESTION:

How does the transportation of rock materials take p1ace?:___f-

MATERIALS:

Trough {3' to 6' in length}, thin- walled hose with adgustab1e CTamps, support for trough buckets -
for dispensing and collecting water, stop watch, coarse sand, protractor, fine s11t smali b
bits of paper folded 11ke butterfly wings. . : : ,

SUGGESTED APPROACH:

1. The apparatus should be set up as indicated in student d1rect1ons.

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

3, ihen investigating variations due to graln size, sTope and Vo]ume must remain constant
4, Follow the investigation with Field Exper1ence #3 ("Stream ¥ so that-the-1ﬂvest1gatxon-;-;ﬁﬂ'
may continue, o : B P

PRECAUTIONS:

1. Emphas1s should be made that the 1nvest1gat1on concerns .a’ MODEL of an actual stream, and
as such,1t does not represent the coné:t1ens 1n a stream ex acti oo L

2. Do not overemphas1ze the importance of slope since most-rivers have a very 10w s]ope.--ﬁ“:"'
Rivers in general probably vary more in volume than in s?ope., The same rtver may vary
in vo]ume a number of times during the year. ; P S B

3. The water should be run into the trough and not on the gravei to best approx1mate the :
coné1t;ons of an actua1 stream. _ _ Gt

TYPICAL RESULTS:

Quantitative results will not be %00 accurate. ﬁowever the students shcu}d be able to ‘see’ s
the direct relationship between rate of erosion ané the s1ope and volume cf a stream. ENAAES

1, MATERIALS: Large,round,straaght -sided glass jaré (preferabiy battery Jars);'smaEIer 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-Za

SUGGESTED APPROACH:

a)

Set up apparatus as shown in the @iagram below:

Mixture of clean sand, small
pebbles, and water

Line the inner jar with white or black paper and weigh it down with a heavy object so
that 1t will not move easily.

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 jar.

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,"

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 allewed 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 & badly worn
automobile tire to form two halves, Apply white paint to the inside of one of the halves.
Parttally fi11 it with sand, pebbles,and water,

REFERENCES:

Investigating the Egrth, pp. 279-282, Teacher's Guide, pp. 339-340,

¢O(; Vi 7 ﬁ*/‘m 7



QUESTION:

[X-B-2a: STREAM FLOW

How does the transportation of rock materials take p]ace?f73 ?Q5ﬁff_f7§ e

INTRODUCTION:

Streams and rivers vary in the1r ab111ty to erode earth mater1a1s.:, Er

Two

OBJECTIVES:

When you have finished this 1nvest1gat1on,you should be ab]e t0° :

1.

METHOD:

1.

\graph and state the reiataonsh1p between the variab]es of s]ope

factors that are most vital are the stream's slope and volume. In -

this exercise you will be investigating the relationship of these o s
quantities to the ability of a stream to erode the Tand - B

and volume of stream flow to: the rate of eros1on and the part1c1e3i5'*‘=
size capabie of being transported. R SR e

Place the trough on your desk so that the end overhangs about 6 e

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. " =
treugh, Place another bucket on the f]oor to catch the water after;ﬁ :
it leaves the trough. o S BT

using one siphon, with the clamp opened no more than ha]f 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 resu]ts.,,ﬁgj“

Now position the trough at about 10 degrees slope. Thxs t1me
measure the velocity with the one siphon open and aga1n w1th two ”H
siphons open, _ = o

Position the trough at 10 degrees slope w1th one s1phon open.: Nowy,
pour 10 ml. 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.

Position the trough at 15 degrees slope and open on1y one 51phon.
Pour in 10 ml. of coarse sand and measure the time for- 1t to be.::
transported Lower the trough to 5 dagrees and repeat “Record.:
the time in both instances. _ - e



IX-B=~2a

6. Repeat sections 4 and 5 using 10 m1. of fine silt. Record your
observations.

7. Graph your results 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-
Tationship between stream volume and its ability to erode?

EE"%‘%%% 3. 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?






