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NAGT Crustal Evolution Education Project

‘ Edward C. Stoever Jr., Project Director

Welcome to the exciting world of current research
into the composition history and processes of the
eartn s crust and the application of this knowledge
to man s activities The earth sciences are
currently experiencing a dramatic revolution in
nour .nderstanding of the way 1n which the earth
~.7x: CEEP modules gre designed to bring into
tre Ziassroom tne methods and results of these
¢ " nuing investigations The Crustal Evolution
-£7.zanen Project negan work in 1974 under
the zaspices of the National Association of
G >iogy Teachers CEEP materials have been
veioped by teams of science educators
assroom teachers and scientists Prior to
.niwaton the matenals were field tested by
mars thgn 200 teachets and over 12 000 students
¢ rrent crustal evolution research s a breaking
siory thas students are living through today

About CEEP Moéules,. ..

Most CEEP ~aodules consist of two booklets a -

EES 2
. Tzacners Guide ang a Student Investigafion The
Teacrers Gude cortains all the information
ard 5’!::.1_,:’”;3 i tne Student Investigation
s sechons orntedin Color intended only for the
teacmr as well as answers 1o the guestions that
areyncigded in the Student Investagatlo'n

im soma moduies there are illustraticns that

aopp nty in the Teacher s Guide and these are
des.gnated oy figure letters instead of the number
uencs used in tne Student Investigation

me modules maps rulers and other
classroom materials are needed. and in

The materiai was prepared with the 5
support of National Science Foundation
Gramt Nos SED 75-20151 SED 77-08539 =
and SED 78-25104 However any opinions
fincings conciusions or recommendations f
axpressed heremn are those of the author(s)
e ,“and do not fecessarily reflect the views
of N3F p .

-

In order to comply with U S Public Law .

9486 every school district inthe US A
usm these’matesials agrees to make
. them avatiabiefor inspection by parents or
guarcsans qf children engaged In
educauonal programs dr projects of the
- school district * ,
. ) . &4
]: l{l-icmgm 1979 by Southesst Missourl ﬂnu University ’ .
—UOEmEREEE 00 e ) s

‘

Teachers and students alike have a unique
opportumty 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 convepts which are
at or close to the frontiers of scientific inquiry into
plate tectonics Furthermore the CEEP modules
are designed to be used by teachers with little or
no previous background in theé modern theories
of sea-floor spreading continental drift and plate
tectonics

We kngw that you will enjoy using CEEP
modules in your €lassroom Read on and be
prepared to experience a renewed enthusiasm for
teaching as you learn more about the hiving earth
in this and other CEEP modules

.

JAryIngG guantities according to the method of
oreserlhamn Read over the module before
schadaling its use in class and refer to the list of
MATERIALS in tne module

Eacn module is individual and, seif-contained in
cuntent but some are divided intd two or more
parts for convenience The recommended lengti§
of time for sach module 1sindicated Some modules
require prerequisite knowledge of some aspects
of basic earth science this is noted in the  ~
Teachrer s Guide

.
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PIottin‘g The Shape o : R
Of The Ocean Floor ~ .. N

INTRODUCTION

An oceanographic research\bessel obtains-water
depth information continuously as‘the ship criss- . .
crosses an area The depths to the ocean ’
bottom are obtained and recorded by a precision
depth recorder, which 1s an advanced form_of
SONAR. Sound waves are sent away from the
hull of the ship, hit an object, are reflected

back and recorded. The time to reach the ob;ect
and return is comverted Into d:stance or depth .
The plotting machine of the echo spunder
produces a bathymetric profile. Bathymetry is the
measurement of ocean water depth A bathymetric
profile shows the shape of the ocean floor
beneath the track line of the ship as well as the
depth to each potnt on the profile.

What does an individual profile of the sea floor
look hike? How can a series of profiles be

fitted together to give a imited three-dimensional
picture of a small part of the sea floor? What
relationship 1s there between sea-floor features
apd locations of oceanic earthquakes? *

PREREQUISITE STUDENT BACKGROUND

. The students shouid be famillar with latitude - '
and longitude. They should also be familiar with -~ R
the principle of Srecision depth recording . ‘ ) N
(echo sounding). In addition, they should have '
been given instruction in how to construcra
bathymetric profile from track line data. They :
should be informed of only the general nature of
ocean basin topography, such as the existence -
of the continental shelf, slope, and rise; abyssal ~
plain, and the ntid- -ocean mountain range. ’ S .
Because siudents will discover the rift valley In ' A
the mid-Atlantic mountain range, be sure not

to discuss the details of mid-ocean mountain . - o
topography prior to use of this module. . . oo 7
‘OBJECTIVES 5 s e
After you have completed this actmty, you should *. 3. Déscribe the relathnshlp between sed-floor
be able to. . . topography and earthquake epicenter Iodatlons
1. Draw a profile of the sea floor wsing - - ~inapart of the North Atlantic Ocean.
bathymetnc data. . . »’\‘ ’ 4. Compare: and conirast the features of.the
2. identify’ Wthh topographic elements are bathymetnc prof||es with those shown or,Lthe
similar on many_bathymetric profiles across  ~ ¢ * National Geographic Socuety amap, Atlantic .
a portion of the sea floor m the North Atlantlc ) Ocean Floor.
Ocean. - 5. Compare the distnbution of earthquake _
' o2 ' epicenters on the bathymetric profiles with those
. ., cos seen on-the World Seismicity Map.
. .
a . . \V L k4
. & | ! ~ f »
’ ’ 4 X -
[ & . -0
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MATERIALS =

- For the class: Y/

Atlantic Ocean Floor map, Natlonal Geogré%i;hjg:
Soclety, Educational Services, Department 79,
Washington, D.C. 20036. - —_-

World Selsmicity Map, U.S. Geofogical Survey,
1200 S. Eads Street, Arlington, VA 22202.

. For each student: ’ ¢
Pencll with eraser ,
Graph paper, heavler lines every tenth line
Scissors

15 cm ruler or straight edge

Red marking pen

Construction paper, 2 or1 3 sheets ,
Liquid glue, or tape with adhesive on both sides
Cellophane (or masking) tape

Small wooden blocks (optional)

BACKGROUND INFORMATION z==m=

The data given on the track line chart
(Worksheet) were obtained by the Research
Vessel Vema, from continuous echo-solinding
along track lines roughly at right angles to

* the mid-ocean ridge. The depths glven on the
track chart have been selected to give the students
representative depth points with which to draw
a bathymetric profiie. Many of the points are
as much as 4 km apart, and therefore, the chart
does not show all of the topographic details
known to oceanographers. {

These are the only rellable track line data that
R.V. Vema has obtained of areas at right

angles to the trend of the mid-ocean ridge over
the last decade or so. The topography between the
track lines is largely uncharted. However, track
lines from other research ships confirm the
overall pattern of topography revkaled by the
Vema soundings.

The track lines are not at exa%t right angles to
the mid-ocean ridge line. Some &f the deeper
depressions that the students may detect

on the sides of the p’roﬂle could be caused by
fracture zones which would be generally parallel
ié’the track lines. But additlonal data would be
needed to locate the fracture zones. Therefore,
a discusslon of fracture zones might follow
student completion of proflle 1-1 as described

In EXTENSION 1., i

The rellef of the study area Is'caused by volcanic, <,_.,

tectonic (earth-building) and sedimentary
processes. The mid-ocean ridge Is made up largely
of underwater central voicanoes {(seamounts)

hich rise to within 1700 m of the sea surface
in this area. The volcanoes are buiit from
basaltic lava which oozes out into the water
through cracks in the sea floor. Because it
is chilied swiftly, the IavaZorms pillow structures
made of fine-grained basaltic rock.

The ridge has a central valley along Its length,

the base of which is about 2000 m below

the adjacent lines of seamounts. The valfey In the o
study area, which is up to 20 km wide, Is formed

by the relative downsliding of a linear strip

of oceanic lithosphere. Such valleys are

usually called rift valleys.

In Icelarid, where this valley can be observed

on land, the countless open fIssures testify to the
stretching of the earth’s crust at right@ngles

to the ridge and rift valley. This conflrms the
sea-floor spreading hypothesls, which assumes
that the ocean is widening at right angles té its
midline. The fissures are often fllled with
upwelling magma, and sheet-like masses (dlkes)
of medium-gralned basic rock (dolerite) are
emplaced. The figsures also feed centralivplcanoes.
At the margins &1 the mid-ocean ridge, thundreds
of klkameters from the midline, the topography *
Is diminlshed somewhat by the deposition of
fine-grained deep sea sediments In the areas
between the seamounts. The lessening of the
original rellef by sedimentation has little

effect In the study area because the rocks are so
young that sediment has had little time to . ‘
accumulate. ‘




; .

The positions of the earthquakes plotted on

the chart (Worksheet) represent all the data
avallable In this area for the perlod 1966-76. In .
some cases the presence of an earthquake was ~
determined after examining records of earthquake
shocks recelved by over 100 selsn‘iol{oglcal statlons
scattered through all parts of the world. Since
about 1966, the location of an earthquéke can be

. determined within one tenth of a degree of

latitude (roughly 10’km) or less. After ¢he students
have plotted thelr proflles, they wiil be able

to see a close relatlonship.between the positions
of the earthquake eplcenters and the central

rift valley or Its margins. Thelr presenée Indlcates
that actlve earth movements, assoclatéd both o
with volcanism and the stretching of the earth’s
crust, are taking place along thls zone. A few

of the earthqualggs lle away from the mid- .

ocean line. These are probably assoclated with
fracture zones trending at tight angles to the
mid-ocean ridge line.

SUGGESTED APPROACH =

During the flrst few minutes of class, review the
fundamentals of latitude and longltude. Descrlbe
the actlon'pf SONAR, and how these data

are collected. Mention that the sea Is one of *
the last “reachable” frontlers, just beginning to
be explored.

The students should be told that the Worksheet
has track lines, or “paths” the ships followed

in crossing the ocean. The numbegzwwhlch appiar
dlong the track line are depths beldy sead level,

In meters, to th& ocean tloor.

° Do not glve away the thrust of the activity by

discussing or illustrating the lines of geamounts
on either side of the rift valley at the gest of
the Mid-Atlantic Ridge, or the fracture zones,
at right anglés to the ridge crest, which may be
present In the study area. 3

oo T
_Asslgn seven students to.each team. Indifiduals

within thé team*will c&nstruct ore or more
bathymetric prdﬂles numbered-2-2 through
10-10. For, purposes. of efficlency assign one
student to'each of the profiles numbered 2-2

-through 6-6. Assign one student to construct pro-

.

¢

14

files 7-7 and 8-8 and one student fo construct

profifes 9-9 and 10-10. Proflle 1-1 reveals a
phenomenon not present In"the other proflles;
It Is treated In the EXTENSIONS section.

’

at =

-

£

‘
'

The age of the seamount volcanoes generally
Increases In direct proportion to thelr distapce

+ froriythe mid-ocean ridge line. The oldest volcanic
rocks, lying beneath sediment$ near the margins
of the North Atlantic, are at least of Cretaceous
_age.; Therefore, the underlying volcaplc rocks
must be this same age or older. '

In general, the elevated reiief along the
mid-ockan ridge was caused by the heating

and expanslon of the columns of rock lying
beneath the ridge. As the ridge area Is augmented
by volcanlic extruslons and dlkes, and as it widens
and moves laterally, the ocean widens from

Its midline outwards. As the rocks move laterally,
they cool and contract and there Is a progressive
(exponentlal) decrease In helght towatds the

margins.

If one team has less than seven studénts, proflles
'6-6, 8-8 or 9-9 can be dropped from the group
task.

One track-line chart (Worksheet) ghould be

designated as the team chart on which the

completed bathymetrlc proflles will be assembled.
{

If conditions allbw, you might make a bathy-
metric profile construction and assembly Into
a game sltuation in which the fastest and most
accurate team recelves additional pralse or

an awprd.

Assigning the students to plot thelr bathymetric
proflles at home Is well worth consldering.
They could work through PROCEDURE stephe
10-12 as homework. .

T
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PROCEDURE

. In this activity, each student constructs a
bathymetric profile from data recorded on a track

chart The profjles are then assembled on the chart

to allow each team of students to “view” and
interpret the ocean floor topography.

Key words: SONAR, bathymetric profile,
bathymetry

Time requtréd: two to three 45-minute periods

Materials. graph paper, pencil, scissors, ruler,
red marking pen, liquid glue or tape with
adhesive on both sides, construction paper, and
wood blocks (optional)

1. To prepare a depth scale for the bathymetric
profile, start by writing the number, “1000 m™

at several places along the'top, ruled:line

of your graph paper '

2. On the next thick, ruled line write the number,
"2000 m", at several places along the line

3, In the same way label 3000, 4000 and 5000 m
on the third, fourth, and fifth thick, ruled
lines on the graph paper

4. Cut the graph paper along the 18600 m and
5000 m depth lines.

5. Pg/smon the 1000 m hine of the graph paper
along the track line on the Worksheet assigned
by your teacher. If you have been assigned track
line 2-2, 3-3, 4-4 or 5-5, start your profile

at the nght endl of the track line. As you mov

to the left, stop the profile plot at the left edgé)

of your graph paper. /‘ -

D

6. Based on your previous pract:ce in plotting

bathymetric profiles, transfer the depth informa-
tion from your track line to the strip of graph
paper. , .

7. Draw the bathymetric protule by connecting
the data i sequence from the first point, to

the second, to the third, and so on. Use a pencil
and ruler for connecting the data poin

8. Earthquakeepicenters arg shown on the
Worksheet by large, five-pointed stars. Find any
earthguake epicenters that lLie directly on your
track |jne. Use a marking pen to make a large
dot on the bathymetric profile at the position

of an earthquake epicenter.

9, Find any earthquake epicenters that Iie nearer
your track line than to the track lines to the north
or south. Draw a line on the Worksheet at

about right angles to your track line, through
one of the nearby earthquake epicenters. As .

before, make a large dot on the bathymetric pr?tlte

at the place where this earthquake epicenter
line hits your track line

Repeat the procedure for each earthquake |
epicenter near your track line :

-
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10. Use liquid glue, or tape with adhesive on both
sides, to attach Ehe graph paper strip to a similar
size strip of construction paper. °

11. Use scissors to cut along the bathymetric
profile line. Cut off any exceSs paper along the
5000 m lihe and the ends of the profile line.

In the space below, write a sentence or two that
describes the bathymetric profile cut-out.

The sea floor shows an irregular series of narrow

~ peaks and valleys. See Answer Sheet.

- .

/

’

+

12. Cut two small right triangles, about 3 cm

on each side, from the excess construction paper *
Tape one to each side of the profile cut-out

so it can stand up. See Figure 1. °

It small blocks of wood.are available, the students
can fasten these to the bottoms of their proflles
With thumb tacks in such a way that they

will stand up.

13. Place your profile cut-out in its proper
position along the Worksheet being used for your
student team. Follow the teacher's instructions

on what to do until all profile cut-outs have

been placed on the Worksheet. S\ée Figure 1.,

Py
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14. Bend down so that your sight line is just
above the profile cut-outs as you look across them.
Profile cut-out 2-2 should be closest to you and
profile cut-olt 10—10‘\farthest away.

By moving your head up and down or side to side,
try to locate similar mountains or'valleys that
appear at roughly the same/posmon on three

or more profiles.

15. Study the map, Atlantic Ocean Floor. Locate
the latitude and longitude of your study area.
What is the name of the topographic feature
shown by your profiles?

Mid Atiantic Ridge

16. How does the topography s owﬁ on the map
compare with the topography shnewn by your
profiles?

The proflles show a deep valley surrounded

by seamounts on either side. The’'map shows
that this topography is found along the entire
length of the Mid-Atlantic Ridge. ~

SUMMARY QUESTIONS . oo SR e

1. Describe the st of topography found in the
middie of the North Atlantic Ocean

Seamounts,narrow valleys and a rift vélley
are found along the midline of the Mid-Atlantic
Ridge. See Answer Sheet.

2. Describe the topography (question 1) tracing
from west to east across the Mid-Atlantic

Ridge

From west to east, seamounts rise In elevation
toward thé midline of the Mid-Atlantic Ridge.

A deep depression is formed by the rift valley.
Tall seamounts flank the rift valley on the

east and decrease in height away from the center-
line of the Mid-Atlantic Ridge.

3. What s the relationship between earthquake
epicenter [ocations and the topography of the
middie North Atlantic Ocean?

The epicenters generally lie In or near the rift
valley in the middlie of the North Atlantic Ocean.

-

17. Locate the study area on the World Seismicity
Map. By comparing this map with the map,
Atlamtfc Ocean Floor, determine the general
relationship between the location of earthquake
epicen;ers and Sea-floor topography. Write a
sentence in the spacf below which describes this
relatiopship. .

Earthquake epicenters are closely related to the

¢

" presence of the deep central valley and nearby

seamounts.

18. Study the depth of earthquake foci (origin
points) on the World Seismiity Map. At what

depth zone are earthquake foci found in the B
study area and along the entire mid-ocean
ridge system?

0-70 km * - e .

v
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EXTENSIONS st

1. The first student who fInishes the bathymetric
cut-out can be assigned to prepare the cut-out for
track line 1-1. When placed on the track line
chart, the cut-out will reveal a poorly defined
central valley and this valiey appears In a more
westerly position. The shlift In position may

be related to a fracture zone lying between
profiles 1=1 and 2-2. Students may need to
Investigate fracture zones and transform faults
before they can understand the significance

of such phenomena in the trend line of the
mld-ocean ridge. The fracture zones appear clgarly ,
on the map. '

E A e A C A P e S T

Construct a profile cut-out for track line 1-1.
ow does the pattern of topography on this

profile compare with the other profiles?

If there are any differences, try to explain them

from further study of the map, Atlantic Ocean

Floor. ‘

. £

-
-

R

s

~
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2. In this EXTENSION students are asked to
express their literary or artistic feelings about the
underwater landscape of this area, which has
many times the rellef and grandeur of the

Grand Canyon. ’

Write a paragraph, or poem, or sketch a picture

in your booklet that tells or shows what it might
be like to stand on top of the highestmountain or
the deepest valley shown on your profiles. For
comparison, you might want to read how John
Wesley Powell felt about looking up from

the floor of the Colorado River valley in the Grand
Canyon. Powgll was the first scientist to organize
a geological '&p!oration of the Grand Canyon
region. i

Powe|l described the experience in these words:

“We are three-quarters of a miie in the depths
of the earth and the great river shrinks into
insignificance, as it dashes its angry waves
against the walls and chffs, that rise to
the world above; they are but puny ripples, and
we but pigmies, running up and down the
sands, or lost among the boulders.

“We have an unknown distance yet to run,
an unknown river yet to explore. What falls
there are, we know not; what rocks beset
the channeis, we know not, what walls rise
over the river, we know not.”

- From John Wesley Powell’s exploratlor'm of the
Colorado River, U.S Geological Sufvey.
INF 74-19
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NAME DATE
EVOLUTION Student investigation '
EDSSSIE%'# Catalog No 34W1123 -
’ Plofting'sr he Shape _
Of The Ocean Floor S
LR ’ - -
INTRODUCTION - stmssrsosmmeb el S i s e b it R T T B

An oceanographic research vessel obtains water
depth information continuously as the ship criss-
crosses an area The depths to the ocean

bottom- are obtained and recorded by a precision
depth recorder, which i1s an advanced form of
SONAR. Sound waves are sent away from the
hull of the ship, hit an object, are reflected

back and recorded The time to reach the object
and return,is converted into distance or depth
The plotting machine of the echo sounder
produces a bathymetric profile. Bathymetry is the
measurement of ocean water depth A bathymetric
profile shows the shape of the ocean floor
beneath the track line of the ship as well as the
depth to each point on the profile

What does an individual profile of the sea floor
lock hke”? How can a series of profiles be

fitted together to give a limited three-dimensional
picture of a small part of the sea floor? What
*relationship 1s there between sea-floor features
and locations of oceanic earthquakes”

—

' ' /7 e Yy

E I AL Stk L

’ OBJECT'VES R AR R e Dt W AR B Y e e e S

After you have completed thliactlvnty, you should
be able to
1. Draw a profile of the sea floor using
bathymetric data .
2. Identify which topographic elements are
similar on many kathymetric profiles across

-a portion of the sea floor in the North Atlantic
Ocean * -

A

Zopyright 1979 by Southeast Missour! State University .

ERIC™ x

Aruitoxt provided by Eic: -

3. Describe the relationship between sea-floor
topography and earthquake epicenter locations
in a part of the North Atlantic Ocean.
4, Compare and contrast the features of the
bathymetric profiles with those shown on the
National Geographic Society map, Atlantic

* QOcean Floor.
5. Compare the distribution of earthquake
epicenters on the bathymetric profiles with -thgse
seen on the World Seismicity Map.

-
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Materials. graph paper, pencil, scissors, ruler,
red marking pen, liquid glue or tape with
adhesive on both,sades, construction paper, and
wood blocks (optional)

[ ]
1. To prepare a depth scale fo‘r the bathymetric
profile, start by writing the number, “1000 m”,
at several places along the top, ruled line
of your graph paper 4

2. On‘the next thick, ruled line write the number,
“2000 m”, at several places along the line

3. in the same way label 3000, 4000 and 5000 m
on the third, fourth, and fifth thick, ruled
iines on the graph paper

4, Cut the graph paper along the 1000 m and"’
5000 m depth lines

5. Position the 1000 m line of the graph paper
along the track lire on the Worksheet assigned
by your teacher If you have been assigned track
line 2-2, 3-3, 4-4 or 5-5, start your profile

at the nght end of the track line. As yoi move *
to the left, stop the profile plot at the ieft edge
of ybur graph paper.

6. Based on your previous practice in plotting
bathymetric profiles, transfer the depth informia-
tion from your track line to the strip of graph
paper :

7. Draw the bathymetrigprofile by connecting
the'data 1n sequence from the first point, to

the second. to the third, and so on Use a pencil
and ruler for connecting the data points

8. Earthquake epicenters are shown on the
Worksheet by large, five-pointed stars. Find any
earthquake'epicenters thaf lie directly on your
track line. Use a marking pen to make a large
dot on the bathymetric profile at the position

of an earthquake epicenter.

9. Find any earthquake epicenters that lie nearer
your track line than to the track lines to the north
or south. Draw,a line on the Worksheet, at
about.right angles to your track line, through

one of the nearby earthquake ‘epicenters. As
before, make a large dot on the bathymetric profile
at the place where this earthquake epicenter

line hits your track line

Repeat the procedure for each earthquake
epicenter near your track line.

10. Use liquid glue, or tape with adhesive on both
sides, to attach the graph paper strip to a similar
sjze strip of construction paper.

[
3

11. Use scissors to cutwlong the bathymetric
profile ine. Cut off any excess paper along the
5000 m line and the ends of the profile line

In the space below, write a sentence or two that
describes the bathymetric profile cut-out

12. Cut twogmall nght triangles, about 3 cm
an each side, from the excess construction paper
Tape one toveach side of the profile cut-out

so it can stand up. See Figure 1

13." Place your profile cut-out in its proper
position along the Worksheet being used for your
student team Follow, the teacher's instructions
on what to do until all profile cut-outs have

been placed on the Worksheet See Figure 1

14. Bend down so that your sight line 1s just
above the profile cut-outs as you look across them
Profile cut-out 2-2 should be closest to you and
profile cut-out 10-10 farthest away- )

By moving your head up and down or side to side,
tyy to locate similar mouyritains or valleys that
appear at roughly the same position on three

or more profiles

15. Study the map, Atlantic Otean Floor. Locate
the latitude and longitude of your study area
What is the name of the topographic feature’
shown by your profiles?

16. How does the topography shown on the map
compare with the topogrgphy shown by your
profiles? '
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17. Locate the study area on the, World Seismicity 18. Study the depth of earthquake foc! (origin

Map. By comparing this map with the map, points) on the' World Seismicity Map. At what
Atlantic Ocean Floor, determine the general depth zone are earthquake foci found in the
' relationship between the location of earthquake study area and along the entire mid-ocean
epicenters and Sea-floor topography. Write a . ndge system? -
sentencein the space below which describes this .
relationship -
’ 3 .
/ ‘\
~ .‘
SUMMARY QUEST!ONS =R ‘3‘,'?':?"’";57'11"» ,‘*V:?f’ PR e T BT e e 3 B BRI T fmae e e 2T e 74;~3 =IA LTSS R AR
1. Descnibe the kinds of topography found |n the 2. Describe the topography {question 1) tracing
middle of the North Atlantic Ocean / from west to east across the Mid-Atlantic
Ridge .
; <

“igure 1. Diagram showing profiles in upright ﬁ)osition.
e a NQ
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3. Wh@t Is the re!atn.onshtp between earthquake
eplcenter locations and the topography of the
middle North Atlantic Ocean?

14
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1. Construct a prbfile Cut-ou.kar track line 1-1
How does the pattern of topography on this
profile compare with the other profiles?

if there are any dtfferences try to explain them
from further study of the map, At/ant/c Ocean
Floor .

2. Wnte a paragraph, or p’oem, or sketch a picture .
. In your bookiet that tells or shows what it might =
be dike to stand on top of the highest mountain or”

the deepest valley shown on_ your profiles For
compafison, you might want to read how John ’
Wesley Powell felt about looking up from  ~

the floor of the Colorado River valley in the Grand
Canyon Powell was the first scientist.to organize

a geological. exp!oratuon of the Grand Canyon
region

)
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Powell described the experience in these words

"We are three-quarters of a mile in the depths
of the earth and the great river shrinks into
Ynsignificance, as it dashes its angry waves
against the walls and cliffs, that rise to |
the world above, they are but puny ripples, and
we but pigmies, running up and down the
sands, or lost among the boulders.

"We have an unknown distance yet to run,
an unknown river yet to explore What*falls:
there are, we know not, what rocks beset
the channels, we know not, what walls rise
over the river, we know not "

From John Wesley Powell's exploration of the
Colorado River, U S Geological Survey.
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