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ABSTRACT

| Crustal Evolution, Education Project (CEEP) modules
were designed to: (1) provide students with the methods and results
“of continuing investigations into the compogition, history, and
processes of the earth's crust and the application of this knowledge
to man's activities and (2) to be used by teachers with little or no
previous hackground in the modern theories of sea-floor spreading,
continental drift, and plate tectonics. Each module consists of two :
booklets: a teacher s guide and student 1nvest1gat1on The teacher's
guide contazns all of the information present in the s'tudent
investigation booklet as well as: (1) a general introduction; (2)
prerequisite student background; (3),objectives; (4) list of required
materials; (5) background information; (6) suggested approach; (7)
procedure, including number of 45-minute class peériods required; (8)
summaky questions (with answers); (9) extension activities; and (10)
list of references. Activities in this module focus, on the nature and
operation of isotasy (pr1nc1p1e of buoyancy appl1ed to solid ,
materials of .the earth's crust). Students ‘identify cond1t1ons under -
which one ,substance floats in another substance, predict movement of
earth's a‘ist when material is afdded to or substracted from. the
crust, and predict relative thickness of crustal areas fram average
density and elevation data. (Author/JN) .
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NAGT Crustal Evolution Education Project
' Edward C. Stbever, Jr., Project Director

Welcomy to the exciting worid of current research
into the composition history and processes of the
earth s crust and the application of this knowledge
t —ans activities The earth sciences are
Currently experiencing a dramatic revolution in
our anderstanding of the way in which the earth
~orks CEEP moduigs are designed to bring into
ne classroom the methods and results of these

—

corunuwng investgations The Crustal Evolution
Bl .z on Pro;PcI pegan work in 1974 under

the auspices of the National Association of ‘
(ELls g/ reachers CEEP materials have been
de.emped by teams of science educators
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cunhicaton tre mat»anans were fietd tested by
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Teachars and students alike have a unique
opportunity through CEEP modules to share in the
unfolding of these educationally important and
exciting advances CEEP modules are designed
to provide students'with appealing firsthand
investigative experiences with concepts which are
at or close to the frontiers of scientific inquiry into
plate tectonics Furthermore the CEEP modules
are designed to ne used by teachers with hittie or
no previous background in the modern thegries
Jf sea-floor spreading continental drift and plate
thCiONICS .

We know that you will enjoy using CEEP
maodales in yomur classroom Read on and be
prepared 10 experience a renewed enthusiasm for
teacming as yod tearrt more about ing ving earth
ors andd otner CEEP miodules
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Continents And Ocean Basins:

Floaters.And Sinkers ™~ .

INTRODUCTION mmerec st

- This module deals with |sostasy and how it
operates in the earth’s ¢rust, Isostasy is simply the.
general principle of buoyancy applled to solid
materials of the earth’s crust. .

&
Why does the‘earth have high mountains and deep
ocean floors? Why aren’t the continents at the
same level as the ocean floors? Why isn't
the earth all covered with sea water? g

Scientists have developed ideas about the inside,
of the earth. Their ideas come from a study of
earthquake waves and from a knowledge of what
happens to rocks under high jemperatures and .-
pressures The earth's interior seems to-be,
arranged into a series of shells (See Flgure 1)
The outer shell, called the crust, is the shell we
Iive upon It 1s 12-60 km thick and 1s composed
of hard rock which forms the continents and
the ocean basins.’Below this crust is the/mantle,
This shell 1s about 2900 km thick It 1s thought to
be composed of a hot, sohd rock It probably

. 1s capable of flow at very slow rates, much like
a candle left in the sun Below the mantle, and Iin

‘ the center of the earth, is the core. It 1s believed

to be composed of a mixture of iron and nickei

-

~

Q

..

Figure 1 Cut-away sectign of the eartp showsa
mnes of shells within t earth’s interior, X

KC rust not to SCaIe) ‘
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In the 1850s, Congress funded a study called the
Mohole Project lts purpose was to “look under”
the crust to see what the upper part of the

méantle was really ke To find out, it would be
necessary to @nll through the crust of the earth
and oBitain samples of the materal found '
below the crust In ordex to keep the cost down, it
would have to be drilied iwhere the crust was

thin Would this be on the qontinénts ot in the
ocean basins? This module ®ill help you to under-
stand why the scientists decuded to dnll 1n an
ocean basin

. Figure 2 +Glomar Challéhger, ﬁ first,of a new

generation of ocean vessels, i1s capable of drilling

" into the sea botiom .in the open ocean, (Photo

;contributed by Deep Sea Dnlhng Project, Scripps
Institution of Oceanography )
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PREREQUISITE STUDENT BACKGROUND semxssssosmmese

Students are expected to understand denslt9 /

and how to determine it by we!ghlng and*measur-

ing a regularly shaped object. If they have not

studied this previously, you may need to devote ' ,
some time to teaching your stients the procedure

for determining density. Students should know ’ .
how to find percentages and how to construct . -

a bar graph. ’ s

OBJECTIVES

After you have complieted these activities, you '
,should be able to. )
. identify the ‘conditions under which one

substance will float in another substance.’

2. Predict the movement of the crust of the earth
when material 1s added to, or subtracted from,
parts of the crust.

3. Predict the relative thicknesses of parts of the '

earth’s crust from a knowledge of average . .
densities and elevations.

MATERIALS = SRS e E PNt S
For each lab group: ' - biocks should measure 4 cm x'10 cm x 2 cm thick,
One block of high density wood: 4 cm x 10 cm and the large blocks 10 cm x 10 cm x 2 ¢m thick.
x2ch . The exact measurements are not critical, but
« Two blocks of lower density wood: 4 cnfpx\- the blocks must be the same size. In addition. you
10cmx2cm will need one block of a denser wood for PART A,
Three larger square blocks of the'same‘lower measuring 4 cm x 10/cm x 2 cm. Oak would be ‘

density wood: 10 cm x 10 cm x 2 cm

A metric ruler ’

A pan of water at least 5 cm deep and -
20cm x 20 cm in area

two materials having densities of about 0.5 (pine)
apd 0.7 to 0.9 (oak) should work. Selg:t wood that
does not have knots. Knots are of a fnuch higher «
. " density than the surrounding wood, and this
For each class: difference will cause problems in the activities.
A pan of aicohol (optional)
Five balances

{ appropriate. It you cannot obtain pine or oak, any

The wooden biocks wiil have to be waterproofed.

* if you decide to inciude step 6, the waterproofing
You will probably have to cut the wooden blocks material m#ft not dissolve in aicohol. Shellac |
used in this module. Pine should be used for and latex pamt wlii dissolve, but polyurethane
most of the blocks. Use the same thickness of varnish will not. Any waterproofing material must
board, but cut two different Sizes. The small be appiied eveniy so that the density of the
blocks will be uniform. v

<

’ T~
.\, BACKGROUND INFORMATION

Any needed information is inciuded in
PROCEDURBE§.

SUGGESTED APPROACH s

This actlvity is written In a step-by-step Iﬁdl-
yidualized format. For many students, It can be
used In an Independent study situation. However, .
the activity can be easily adapted for total class, ..
laboratory-type teaching situations. You should '
"preseant the Introductory questions, objectives,
and explanatory and summary Information from
the student Investigation In a pre-iab and post-iab
group discussion. You should be certain that this
{naterlal is either read by or presented to the ) .
EKC idents and understood by them. - \




PROCEPURE
PART A y i
Students work with materlals of different
densities in understanding buoyangy.

Key words: crust, mantle, density, buoyancy,
isostasy

Time required: one 45-minute period or longer

Materials: balance and two blocks of the same size
but different densities, for each gr%i).

1. Your teacher has given you two bldcks of wood
that are of a similar size but different in density.

The density of an object is its mass (approximately -
its weight) 1h grams divided by its volume

in cubic centimeters. Figure out the density of «
each block of wood. If you have difficulty
‘remembenng how to figure density, ask your
teacher s, :

Block 1
Block 2 )

To determine density, the student must first 1
compute the volume of each of the two pieces of

[y

~ wood. Volume is determined by multiplying length

by width by height. The student should then
obtain the mass of each block. This can be deter-
mined Py using a pan balance. If students use a

- scale, they will actually be determining the

weight, or pull of gravity. Mass dlvided by volume
will then give density. -

Studénts should be aware that mass is an Integral
characteristic-of the wood, whereas weight is

the effect-of the earth’s gravitational field ugon
the mass of the object. a\~ . )

2. Which block |_§ denser?

If oak and pine ate used for the blocks, the
density of the oak will be about 0.7 to 0.9 gm/cm?
and the pine abdut 0.5 gm/cm’. Tr“erefore, the

‘oak is denser.

3. Water has a density of 1.0 gm/cm?. Will the

blocks float in water? ‘ 3
yes SR .
Which will.ffoat higher?
~pine \ o o0 '
Why? ) ) .

_Students are asked & make predictions here.
“They will determine the accuraty of these

predictions in step 4.

4. Fill the pan with ‘water. Place the two blocks .
in the water, as in Figurg 3. \/yere your prgdictions
correct? . . ’

Both blocks will Hioat. In.the water.‘The less dense

pine would have more of the block exposed

. ‘above the water. .,

- ot ’ =

~

less than the density of water. If you placed
your two blocks in the alcohol, would they float
higher in the water, lower or sink? Why?

One blotk would float, one would sink. Students
are asked to make predictians here. They will .
determine the accuracy of these predictions In
step 6. .2 .

6. Your teacher may have available one pan

filled with alcohol. Place your blocks of wood in
that pan. Were your predictions correct? Does the
same block fioat higher than the other in the
alcohol? Explain what you observed.

Step 6 is optional. Alcohol Is highly flammable.
i you plan tp do this part of the activity, you
should have only one contairer of alcohol and
keep it under your supervision at all times. Don’t
place the alcohol in the container until the first
lab group is ready for it. Also pour it back into

a sealable container immediately after the

last lab group hagfinished with it. In this way,
you can limit the amount ot aicohol vapor that
will enter the atmosphere of the classroom.

The oak block will probably sink in the alcohol.
The pine block shouid float, but it will not
float as high as in water. - )

/

water.

]
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« 0ak block floats in water but wiil not tloat in .

.
.
L4
. -

7. What would you expect to happen if you' s,

placed your two blocks in a hquid, such as
syrup, that had a higher density than water?
Would they fioat higher or lower than In water?

higher N N . Lo
Would one biock fioat higher-thah the qther?

‘yes

If a denser liquid is used,.the blocks wiil float
higher thar they did in the water. The pine block
will float the highest.

8. What would happen if you put a much denser
material, such as iron, in water? Explain.

A solid piece of metal, such as iron, would sink
to the bottom of the dontainer of water.

9. Thinking back on s\eps 3 through 8, consider
the conditions under whjch one material-will
fioat in another matenal.

in step 9, you have described one part of the
general principle of buoyangy, that is, the
congitions under which one substance will fioat

.In another substance. You can probably think of

many examples of buoyancy:'a rising balloon
filled with hot air or helium, a cork bobbing on
the water when yoy go fishing; your abiiity to
float when'you go sywimming. Buoyancy also
operates In the crust and mantle of the earth.
Geglogists call it Isostasy. After you answer
questions 10 and 11, you will go on to study .
isostasy In the next part of this activity. ’

The entire achvity has been pointing toward &n
understanding of buoyancy: a less dense material
will float in a liquid of higher density. The .-
lower the density of the material, the higher It wil
float. Whether an object will float or sink'in a
liquid depends upon the density ofthe liquid. Th?
alcohol. The activity simply strives for a “feel” on
the part of the student as to wha density I8

and how materials of differing densities will act

in liquids of different densitles (buoyancy). .

Whether & student has a feel for buoyancy should
become apparent in the following serte? of
activities, . |

if students still seem uncertain regarding density
and buoyancy, you may want to Introduce some
addltional activities here before they go on to
the remaining parts of this activity. You might
even have them determine the density of thelr
own bodies.

-

A

\ r
« |n this activi$y the blocks of wood,and the water

will represent the earth's crust and maptie. The
upper mantle i1s thought to have a density of

3.4 gm/cm>. The density of the crust varies. Below

the ocean basins it 1s about 2'9 gm/cm?. Below
the continents, howevet, the crust averages
about 2.7 gm/cm? .

\
10. Which is denser, upper iantle or crust?
upper mantle )
11. Which of your two btocks could represent
ocean crust? e
oak v '
thc‘h could represent continental crust?
pine : ’ ’

’ g =

The upper mantle is the densest of these materials.
Itis represented by water in this activity. It
shouid be emphasized that the mantie is a solid,
not a liquid. Ocean crust is néxt in density and
is represented by the oak biock..Continental crust
is least dense and is represented by the pine-
biock. . .

B
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PROCEDURE s

PART B..Does the earth’ s crust float?
in this activity, students work with wood blocks
to understand the effects of isostasy on mountalin
roots. .. _ .,

Key word: root .

Time required: one 45-minute period or longer

Matenials Five square blocks of the same density
with two of the blocks a smalier size, for each =
group . e

Along the margins of somé continents, offshore,
thick layers of sediment pile up. In some casés

in the past, these deposits have been many «
kitometers thick ‘Later, the layers may have been
bent, broken, twisted, ad even changed into
metamorphic rock This is the way that méuntains
such as the Alps andthe Andes are thought

to have formed These mountains rise very high
above the surrou‘ndmg continent After millions’
of years of erosion by wind, water and ice, they
remain high Why 1s this? Can_you use Isostas
(buoyancy) to explain the elevation of mountai s”

In th& next several steps, you will use wood biocks
and water to study an idea that geologists have
about mountains

E

.

1. Your teacher wili provide you with five
blocks, all equal in density. Stack the three largeg
blocks one on.top of the other and place the stack
in the water, as in Figure 4 This stack will -
represent mountalns and the water will represent
the earth’s mantlie. 'Place one of the remaining
two blocks on one side of the mountain,and

___ _the-other on the other side. These two blocks

represent plains, or the lower areas that lie along
mountain chains .
(See Figure A.) ' ’ N
Draw a cross section (a\snde view) of the plams
the mountains, and the mantle.

How does the amount of mountain above the -
upper surface of tHe mantle compare with the
amount of mountain in the mantie?

Is this proportion the same for the plains?

Here students use the two smali pine blocks and
the three larger pine blocks. it is very important
that all blocks be of the same density. They *
shouid be arranged according to Figure A. The
students will find that the amount of mountain_
above the mantie is equal to the amount below the
“mantle. They will also find that the amount of .
plains above the mantie is equal to the amount

beiow trge mantie. J
N .
AN N

Mantle

.

Figure A. ) -
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2. Carefully remove the top block from your , 3. Now Femove the second block from the

.mountain. Describe what happens to the mountain. Describe'what happens. ‘- -

femaining blocks in your mountain. Dra¥ a cross section of the plains, mountain, and -

How has thé mounq‘m elevation changed . - - -mantle as they now look. . "

compared with the plains? - o . Whemthe second biock is removed, the remaining .
__How has-the Thountain elevation «hanged -block wiil be at.the,éame ievel as its neighboring

compared with the mantie? . biecks. The proportion of wood-above and

Has the proportion of wood above the mantle . below the water line wi]i stili be the. same. See

(water line) changed, compared with that below - Figyre C. )

the mantie?, . 4:*In steps 2 and 3, you have simulated the

When the first block is removed, students should results of erosion on mountain systems. The blocks

observe that the lower two biocks rise so that you removed represent the rock matenal remOved

the top of the secord block is now higher, but it by streams and glaciers. .

is not as high as the top of the first blgck had Been. _What would you expect to happen to rocks jn a '

They should note that the prop§ttion of wood' * mountain range as the surface rocks are removed

above and below water level has remained the . by erosion? lad 3

same. Note from the diagrams that the rise .

mountain level has decreased compared with the
plains. Also note that the mountain elevation
has decreased compared with the mantie. See

*  Figure B.

Does this help to e\xblaxn why mountains remain
high for torig periods of time?

yes :

Wherni “would you expect mountalns to be at the
same level as the surroundmg pla;ns’

4 As overburden is removed tm erosion, under-
K - Iymg ‘mountain roots” will rise, due to isostasy,
. L ’ . ‘much like the biocks of woqd in the example."
i = The mountains would be Yeduced to the level of
g the plains when the mountain crust is reduced to
the same thickness as the crust under the plalz\s.'

A'-

[N

Fl

»

Figure B. EFig;;_yre C. o,
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-- — 5. Take the large block of woed (representing a 6. Now place a second small block below the
continent) and place it in the water (the mantle). . “continent directly under your mountain range as
Place the small block (a mountain system) on in Figure 6 Note that this second small block
& top of the continent, near its side as in Figure 5. is the same size and density as the mountain range
‘ Why did the continent tilt? , Describe what happens to the doptinent.
In reality, of course, a cont ent on earth does not . By inserting the third block directly under the
tilt becguse it 1s not ngid enough. Instead, it bends. “mountain range”.and below the continent,
Figure D indicateg the relative position of the two .  bafance is réstored. This is analogous to the
blocks and how they might be expected to float granitic root of a mountain range. See Figure E.
in the water. The continent will tiit because An extension of this activity might'be’to ask
of the added weight. ‘ » . . studenfs what would happen'in step 6 if the pine
. mountain range were replaced by one of oak.
. e ' ) What would then happen if the root were also
* - . replaced by oak?
. N _ In both steps 5 and 6, movement occurred because
«J . of the added mass of the mountain block. In

step 5, the continent sank enough to balance the

added mass In step 6, you placed an equal mass

and WBlume of material below the mountain

, system to form a root which then rose to balance
the added mass of the mountain system, Xhis

. latter situation s fairly close to what occurs

¢ in the real world.

: ’ ) 7. Examine the cross section that you drew in
‘ /s - step 1?PART B Label the mountain root Now
. ' look at the cross section from step 3, PART B
What happened to the mountdin root from step
1 to step 37

The mountain root in steps 1 to 3 rose to com-
pensate for the material removed from the
mountains.

W

4 .

o Figure E. . .
we . ,



PROCEDURE m=s ——
PART C: How many types of crust are there?

Students develop a graph of the distribution of
elevations above and below sea level. Most
students find-this very difficult. You may need to
discuss this in a pre-lab.

Key words: none

* Time required: one 45-minute period or longer

Materials’ six blocks for each group

1. Take all of the blocks you have used irfthe
prgvious part of the activity. You should have
three square low-density blocks, two smaller low-

.density blocks, and one higher-density block.

Place them together as in Figure 7. Answer parts
.2,b, 0 and d by entering your data in Table 1,
Worksheet 1

a. Detéfmine the height of each stack above the
table.

b. Determihe the surface area of each stack.

c. Determine the'total surface area occupied by
your stacks of blocks.

d. Determine the percent of the total area that

. each of the three stacks occupies.

e. Construct a bar graph of the data from Table 1
oD Worksheet 1. *

You may need to provide directions on how to
determine area and how to compute percentages.
The total area occupled by the three stacks of
bloclis will be 180 sq. cm.

3

Low density Low

density High
density

T~ T

[

Figuré 7. Placement of blocks for step 1.
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' Table] ° . “
) - . Height and surface area of blocks.
- . a) Height above® bj Surface area of d) Percent of ’
Stack table ’ each stack total area : .
3 blocks 6 cm 100 sq. cm. 100/180 = .56 or 56%
- 2 blocks 4 cm 40 sq. cm 40/188 = .22 or 22% .
1 ‘block - 2cm 40 sq.cm 40/180 = .22 or 22% .
’ ' ¢) Total surface area 180 sg. cm X v
. » \d .
. 2
o ’ . N4 2 ) . ,
i . / T o ‘
- ' ‘ '
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2. Table'Zhas data showing the perceritage of -
"total area of the earth 's'crust at certain e}evatlons.
It 1s similar to'the data table you hédve just made,
Instead of height abo\@ your table, however,

" the first eolumn gives height above sea level or
depth below sea level. The second column is the
total percent of the earth’s crust at each elevation
interval . Plot this data on a bar graph, with height

SFr

r

-

Table 2 >
The earth's sohd .face height and depth
above and pelow se&[{evel ~

.Height or depth
ln}frva/ km

\

Percent of .

tpjal area

Above sea level
(greatest helght Mt Everest, 8.8 km )

Y -

or dépth on the vertical axis.and: percent of . 5.6 -~ p 01
area on the horizontal axis (Worksheet 2). . 4-5 . 0.4
T core ] . 3-4 1.1
_ < ’ _ . 2-3 J 2.2
. \ ) . N . 45
' . | * N - 203 -
) , . “d, . - Betow sea level |
. VN ) (greatest depth Marranas trench, 11 km.}
, . 0-1 8.4
. . v =122 3.1
; '. -2-3 6.1
- : “3-4 . S226
' -4-5 147 ‘
. -5-6 . ) . 15.0 ,
. -6-7 ) 09 =
7-12 , ¢ 0.1 %
4
-
. 4 -
-9
’ 3 ‘6 i < d
i ‘5
3 4 f
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§ 3k 2+ — <
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3. Your.graph should have<two long bars, each in this module, you have learned about the idea
representing elevations at which there are of-isostasy. Parts of the earth’s crust with the
maximum percentages of total area At what * same thickness but different densities float

N

§ elevations are these? 0to1km and _4 at different levels in the upper mantle. You have
. “o -3to~4 km ; also learned that parts that have the same density
What 1s the differénce of percentage between but different thicknesses float at different levels.
these two elevations? ’ . in dgeneral, oceanic crust is denser than con-
One is above; one 'below sealevel. - . ' .tinental crust and is also thinnerNJhis is why

ocean basints are basins, and continents are

Q

You may want to instruct your students in more continents. Ocean basins are low areas on the
detail on how to make the graph, what intervais to earth's crust and therefore filted with most of the
- "select, etc. It should look like Answer Sheet 2 ¥ earth's watér. Continents are the high areas
, with two definitely |png bars, one just above sea of the earth's’crust. This 1sllustrated in Figure 8. v

level, and the-other at -3-4 km below sea levgl.

The difference between the two bars is 1.8%! 5. You are now to make a recommendation to

the Mohole group—those sgentists who wanted to

4. Fhe disthbution of elevations represented in dnill through the crust of the earth. If the only
the graph 1s one bit of evidence that there are concern were to find the thinnest part of the crust,
two_distinct types of cr covering our earth. where should they drill?

Which of the two long bars on your graph In the oceanic crust

represents contindntal crust2 . :

You may be iriterested to legrn that the Mohole

itself was never drilied,fhe cost of the program
. became very high, arfd the National Science

Foundation eventually withdrew its financial

Which represents oceanic crust?
The long bar above sea levétTepresents = '
continental crust and the one below sea level

. is oceanic crust. X '

support However, the gniling techniques that
If no factor other than crustal thickness were were developed have been used extensively in the
taken into account, the Mohole would be located Deep Sea Drilling Project, which, was désigned
somewhere on an abyssal plain at seven or more * to obtain samples from the sea floor
kilometers below sea level. (Trenches, although
~ deeper, are subduction zones which might ) A
. introduce problems with finding mantie material.) A ’
In reality, of course, the Mohole Project also - ' ? .
had to take into account the depth of water and w
the résulting instability of a drilling platform. s
» I I3
$

Continent

S~

Figure 8. Cross-section showing thicker, iess dense continental crust underlying continents,
@ ~nd thinner, more dense ocean crust underlying oceans. The lithosphere is that part of the
Mc*arth which moves slowly over the underlying mantle. ; ¥
Pr ¢ 6‘ -
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'SUMMARY QUESTIONS

1. The diagram below represents three con-
tainers each containing a different kquid,

(A) alcohol, (B) syrup and (C) water. Three blocks
of wood, all of the same density, are roaUng in
the liquids. Label the hqunds

2. The earth’s crust is composed of granite )
(density = 2.7) arid basalt (density = 3.0). Which
do you think makes up the contlneﬁis" Why?
The continents are composed of granite. They
float higher in the mantle because granite is

of lower density.

3. What happens-to the rock underlying
mountains when surface rock. is eroded away?

The rock underlying the mountains will rise.

-

»
REFERENCES  =icwwe. e 50
none . " i

O

Aruitoxt provided by Eic: e .




3
¢
e

-

’ /
NAGT Crustal Evolution -
Education Project Modules

CEEP Moduleséare listed heJe in alphabetical
order Each Module 1s designed for use in
the number of class periods indicated. For
su‘ggested’ sequenges of CEEP Modules to
cover specific tdpicsignd for correlation

of CEEP Modules to standard earth science
tex{books*=consult Ward's descriptive
Iiterature on CEEP The_Catalog Numbers
shown here refer to the®CLASS, PACK

of each Module consisting of a Teacher’s
Guide and 36 copies of the Student
Jnvestigation See Ward's descriptive
iiterature for altérnate order quantities

i
L -

’
7S “

]

e

L T

s ’ te_ v
fapynight 1979 ExCept 10r the nghts to,,
. matenais reservad by others the
y nublisher andg the copyright owner hereby
qrant permiss$ion Without, charge to
4nmestic persons of the US and Canada
for 1se of this Work and related matenals =
n the Enghish language in the U S and |
. Tanada after 1985" For conditions of use
' *" and permussion to Use the Work or dny part
therent for foresgn publicahions or »
publications in othedthan the Enghsh ™

language apply to-the copynght owner of ¢
. prblisher -
X -
-
-
o . .
— ® - *
ERIC -
- ' - -
~ . e ¥ -, - »

.

)

CEEP Module

¢ A Sea-floor Mystery: Mapping
Polarity Reversals
¢ Continents And Ocean Basins:
- ,Floaters And Sinkers

e Crustal Movement. A Major Force
In Evolution

¢ Deep Sea Trenches And Rad!oactiy)e
Waste

e Drifting Continents And Magnetic
Fields |
¢ Drifting Continents And Wandering

Poles .
¢ Earthquakes And Plate -
. Boundaries
¢ Fossils As Clues To Ancient
Continents

¢ Hot Spots In The Earth's Crust

¢ How Do Continents Split Apart?

¢ How Do Scientists Decide Which Is
The Better Theory?

¢ How Does Heat Flow Vary In The.
Ocean Floor?

¢ How Fast Is The Ocean Floor
Moving?

¢ Iceland: The Case Of The Splitting
Personality

s Imaginary Continents: A Géological
Puzzle

e Introduction To Lithospheric
Plate Boundaries

¢ Lithospheric Plates And Ocean
Basin Topography ’

¢ Locating Active Plate Boundarles
By Earthquake Data

e Measuring Continental Drift: The
Laser Ranging Experiment

¢ Microfossils, Sediments And

_ Sea-floor Spreading

* Movement Of The Pacific Ocean
Floor

¢ Plate Boundaries And Earthquake
“Predictions

» Plotting The Shape Of The Ocean
Floor

¢ Quake Estate (board game)

* Spreading Sea Floors And Fractured
Ridges

 The Rise And Fall Of The Bering
Land Bridge

¢ Tropics In Antarglica?
¢ Volcanoes: Where And Why?

e What Happens When Continents
Collide?

¢ When A Plece Of A Continent
Breaks Off

¢ Which Way Is North?
¢ Why Does Sea Level Change?
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EVOLUTION Student Investigati B | R
VOLUTION . L
EDUCATION udent Investigation  * .~ , A
PROJECT Catalog No 34W1102 K

/ Conﬂnenfs And 0ceon Bosms- :
" Floaters And Sinkers . Lo

INTRODUCTION -eezvenssr

Why does the earth have hngh mountains and deep
ocean floors? Why aren't the continents at the
same level as the ocean 'floors? Why isn't

the earth all covered with sea water?

ke FA R

Scientists have developed ideas about the inside
of the earth Their ideas come from a study of
earthquake waves and from a knowledge of what
happens to rocks under high temperatures and
pressures The earth's interior seems to be
arranged Into a series of shells (See Figure 1)
The outer shell, called the crust, is the shell we
live upon it s 12-60 km thick and 1s composed
of hard rock which forms the continents and
the.ocean basins Below this crust is the mantle.
This shell 1s about 2900 km thick It s thought to
be composed of a hot, solid rock It probably

-y,
e

Mantie

of the earth shows a
arth’s interior

Figure 1. Cut-away secnog
series of shells within the
(crust not to scale).

KC »pyright 1578 by Southesst Missouri State umvmny
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is capable of flow at very slow rates, much like

a candle left in the sun. Below the mantle, and in
the center of the earth; is the core. It (s believed
to be composed of a mixture of iron and nickel

In the 1950s, Congress funded a study called the
Mohole Project Its purpose wyas to "look under”
the crust to see what'the upper part of the

mantle was really ke *%To find out, 1t would be
necessary to drill through the crust of the éarth
and obtain samples of the, material found

below the crust In order to keep the cost down, it
would have to be drilled where the crust was

thin Would this be on the continents or In the
ocean basins? This module will help you to under-
stand why the scientists decided to drill in dn
ocean basin

Figure 2. Glomar Challenger, the first of a pew
generation of ocean vessels, 1s capable of drilling
_nto the sga bottom in the open ocean. (Photo
——" contributed by Deep Sea Drilling Project, Scripps
Institution of Oceanography.) - /
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OBJECTIVES

After you have completed these activities, you

should be able to.

1. |dentify the conditions under which one  ° ' ,
substance will float in another substance. N

2. Predict the movement of the crust of the earth

when material i1s added to, or subtracted from,

parts of the crust.

3. Predict the relative thickfesses of parts of the

earth’s crust from a knowledge of average -
densities and elevations. '

PROCEDURE s sesmmss et me e s S s s G o e v P liins oo = o iR
PART A z
Materials balance and two blocks of the same size 4, Fill the pan with water. Place the two blocks
.~ but different densities, for each group + 4n the water, as in Figure 3 Were your predictions
1. Your teacher has given you two blocks of wood N correct?

that are of a similar size but different in density.
The density of an object is its mass (approximately
its weight) in grams divided by its volume

in cubic centimeters Figure out the density of
each block of wood If you have difficulty

remembering how to figure density, ask your . 5. Alcohol has a density of 08 gm.’cm® This I1s
teacher less than the deénsity of water If you placed
Block 1 your two blocks in the alcohol, would they float
Bl%:k 2 higher in the water, lower or sink? Why?
2.'Which block 1s denser? . ?
[
4
[y
3. Water has a density of 1 0 gm/cm3 Willthe = .
blocks float in water? . = —
» v—_% ’ ’
Which will float higher?

Why? ‘-

Figure 3 Two wood blocks are placed in the

, - water, =
= ~ 1 {

. . . 4« S
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6. °Y ‘uf teacher may | have available one pan . 9. Thinking back on steps 3 through 8, consider
filled with aicohol Place your blocks of wood in the conditions under which one materal will
that an. Were your predictions correct? Does the float in another material.
same bfock flogt higher than the other in the _ Instep 9, you have described one part of the
algqhgl? Explain what you observed general principle of buoyancy, that is, the

. conditions under which one substance will float,

. in another substance You can probably think of
many examples of buoyancy a ristng balloon
filied with hot air or helium; a cork bebbing on
the water when you go fishing; your ability to
float when you go swimming Buoyancy also
s operates in the crust and mantle of the earth
Geologists call 1t isostasy. After you answer
questions 10 and 11, you will go on to study
isostasy In the next part of this activity

7. What would you expect to happen if you In this activity the blocks of woéd and the water
_placed your two blocks 1n a liquid, such as will represent the earth's crust and mantie The
syrup, that had a higher density than water? upper mantle 1s thought to have a density of
Would they float higher or lower than in water? 34 gm/cm" The density of the crust varies Below

the ocean basins it 1s about 2 9 gm/cm® Below
the continents, however, the crust averages
s about 27 gm/cm?

: 10. Which i1s denser, upper mantie or crust?

Would one block float higher than t%e other?

11. Which of your two blocks could represent
ocean crust? ’

Which could represent continental crust?

8. What would happen if you, put a much denser .
maternial, such as trop! in water? Explain

A
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PROCEDURE ===« = S e SRR —1&;3«3 s i wf‘}a?%i it s oo RS
PART B Does the ea\th s crust float? Draw a cross section (a side view) of the plains,
Matenials Fjve square blocks of the same density the'mountains, and the mantle. _

with two of the blocks a smaller size, for each How does the amount of mountain above the,

group - Poo- upper surface of the mantle compare with thé ‘
Along the margins of some continents, offshore, ™ "+ . "amount of mountain in the mantl¢?

thick layers of sediment pile up. In some cases .+ .. Isthis proportion the same for the plains?

in the past, these deposits have been' many -

. -
Rl v’

kilometers thick Later. the layers may have been - i
bent, broken, twisted, and even changed into
metamorphic rock. This 1s the way that mountaigs

ch as the Alps and the Andes are thought -
to have formed These mountains rise very high .
above the surrounding continent After miliions «
of years of erosion by wind, water and ice, they. a
remain high Why s this? Can you use isostasy
{buoyancy) to explain the elevation of.mountains?

in the next several steps, yofJ will use wood blocks
and water to study an idea that geologists have Bt
about mduntains

1. Your teacher will provide you with five

blocks, all equal in density Stack the three larger . -
blocks orie on top of the other and place the stack -
in the water, as in Figure 4 This stack will

represent mountains, and the water will represent

the earth’s mantie Place one of the remaining

two blocks on one side of the mountain, and

the other on the other side These two blocks

represent plains, or the lower areas that lie along

mountain chains '

|m||l

7

o
.

O ure 4, Placement of blocks for step 1. 2




2. Carefully remove the top block from your * 4, In steps 2 and 3, you have simulated the
mountain. Describe what happens to the i resuits of erosion.on mountain systems. The bloc
remaining blocks in your mountain. you removed represent the rock material remove
How has the mountain elevation changed by streams and glaclers. Loc
‘. compared with the plains? . V\{hat would you expect to happen {0 rocks in a
How has the mountain elevation changed mountain range as the surface rocks are removed
by erosion? . - g

compared with the mantle?
Has the proportion of wood above the mantle
(water line) changed, compared with that below Y

the mantle? ’ -
Does-this help to explain why mountains remain

- high for long periods of time? .

it

When would you expect mountains to be at the
same level as the surrounding plains?
\

. »

3. Now remove the second block from the

mountain Describe what happens.

Draw a cross section of the plains, mountain, and -
mantle as they now look. ‘



- . . !
, ) - y
5. Take the large block of wood (representing a

»

6. Now place a s'econd'srhall block below the

NS

continent) and place it in the water (the mantle). ’ continent directly under your mountain range as
s+ Place the small block (a mountain system) on in Figure 6. Note that this second small block
top of the continent; Rear its side as in Figure 5. is the same size and density as the mountain range.
Why did the continent tilt? v Describe what happens to the continent. ' .
In reality, of course, a continent on‘earth doe€ not .
tilt because It is not Figld enough. Instead, it berbds. - .
7 N .
» . -
: [ } ’ .
‘ -

In both steps 5§ and 6, movement occurred because
of the added mass of the mountain block. In
stép 5, the continént sank enough to balance the
added mass In step 6, you placed an equal mass
and volume of material below the mountain .
. . system to form a root which then rose to balance™\

‘ the added mass of the mountain system. This
. ; latter situation 1s fairly close to whatfoccurs
in the real world. .

>

7. Examine the cross section that you drew In
step 1, PART B. Label the mountain rogt. Now

look at the cross section from step 3, PART B. .
. What happened to the mountain root from step
. 1tostep 3? .

'Y

2 Ld
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PROCEDURE B s S AN e S R S SRS ST S e
PART C: How many types of crust are there? = -
Mqterlals: six blocks for each group Low density

R Low
1. Take all of the.blocks you have used in the g ‘densny High

densify blocks, and one higher-density block.

Place them together as in Figure 7. Answer parfs y

a. b, ¢, and d by entering your data in Tabte 1, - . U
Worksheet 1 N '

a. Determine the height of each stack above the” M:ﬂﬁggéﬁent of blocks for step 1. :
table. -
b. Determine the surface area of each stack. :
c. Determine the total surface area occupied by

your stacks of blocks.

d Determine the,percent of the total area that

each of the three stacks occupies.

previous part of the activity. You shouid have ! density
three square low-density blocks, two smailer low- )
N

e. Construct a bar ?raph of the data from Table 1 v
on Worksheet 1 ' . -
“t -
\ Tgble 1
Height and surface area of blocks.
a) Height above b)furface area of d) Percent of
Stack table eacQ stack total area
3 blocks —_
2 blocks - N
’ ublock
s Y ¢) Total surface area
10
9
8
o 7
g )
¢ 3 6
o E
gz ‘
-5 5 “ 4
5 [¥] L
2 e =
T af
]
5 -
“n
-~ i -~
2 ¢ .
2.
1 .
0 10 20 30 40 50 60 70 80 90 100
’ \ Percent of total area
! - e

F

lorksheet 1 (PART C)
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Table 2

The earth's solid surface. height and depth
above and below sea level.

Height or degth
interval, km

2. Table 2 has data showing the percentage of AL
total area of the earth’s crust at certain elevations.
it 1s similar to the data table you have just made
Instead of height above your table, however,

the first column gives height above sea level or -
depth betow sea level. The second column is the
total percent of the earth’s crust at each elevation
interval. Plot this data on a bar graph, with height

-

Percent of
total area

Above sea level

¥

(greatest height, Mt Evsrest, 8.8 km.)

or depth on the vertical axis and percent of 5-6 01 :
area on the horizontal axis (Worksheet 2). 4-5 04 . « -
) AR J 3-4 1.1
. * . 2-3 2.2
- 12 45 "
0-1 20.8 .
~ ' Below sea level T e
i (greatest depth, Marianas trench, 11 kin.)
Tl 0-1 , 8.4 .
- ) -1-2 3.1 .
-2-3 ’ 6.1
. -3-4, 22.6
. -4-5 14.7
N -5-6 15.0
-6-7 . 09
-7-12 01
5 QT
LA ﬁy
< .
N
-9
-6
¢5 -
[ b
i
=
< 2
= ) .
E 2 ;.
[52] 5
3 Sea level
; »
o . N
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5 5 .
2 ’ 3
8 3 - ]
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3. Your graph should have two long bars, each In this module, you have learned about.the idea
representing elevations at which there are of isostasy. Parts of the earth's crust with the
maximum percentages of total area. At what : same thickness but different densities float
elevations are these? _____ and at different levels in the upper mantle. You have,
. - . . also learned that parts that have the same density
: i ) but different thicknesses float at different levels. '
° In general, oceanic crust is denser than con-
What is the difference of percentage between tinental crust and fs also thinner. This is why *
these two elevations? * ? ocean basins are basins, and continénts are
’ continents Ocean basins-are low areas on the

. . earth’s crust and therefore filled with most of the
' ] earth's water. Continents are the hlgh,areas
. of the earth’s crust. This is illustrated in Kigure 8.

. - . 5. You are now to make a recommendatipn to
s . the Mohole group—those scientists who wanted to
drilt through the crust of the earth. If the only
, concern were to find the thinnest part of the crust,
4, The distribution of elevations represented In . where should they drill?
the graph is one bit of evidence that there are o
two distinct types of crust covering our earth. ‘ -
Which of the two long bars on your graph
represents continental crust? ' ) .
Which represents oceanic crust? .- . s
. You rhay be interested to learn that the Mohole
' itself was never drilled. The cost of the program
became very high, and the National Science
. . - Foundation eventually withdrew its financial * .

v

T e support. However, the drilling technigues that
. were developed have been used extensively in the
. . - Deep Sea Dnlling Project, which was designed
‘ N s "f; “ to obtain samples fro:n the sea floor.‘
\ . oo N - «
. Boa . ) o . * P
A} -

Cross-section shownng thicker, less dense continental crust underlying continents,

and thinner, more dense ocean trust underlying oceans. The lithosphere is that part of the , E
EMC rth which moves slowly over the underlymg man;le -
. . ! A " o 9
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SUMMARY QUESTIONS

1. The diagram-below represents three con- * 3. What happens to the rock underlymg ,
tainers each containing a diffefent liquid, mountains when surface rock Is eroded away?

,o(A) alcohol, (B) syrup and ( ) water. Three blocks

'of wood, ﬁll of the same densEty. are floating m -7 RN
the hquids, Label the liquids. * . \ .
2. The earth s crust 1s composed of granite ’ . ' - \ . ‘
(density = 2.7) and basalt (density = 3.0). Which . -
do you think makes up the continents? Why? < . ’ < * v
' . <4 Wl
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