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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
earth s crust and the application of this knowledge
to man s activities The earth sciences are
currently experiencing a drimatic revolution in
our .nderstanding of the way in which the earth

CEEP modules are designed to bring into
the classroom the methods and results of these

nJing investigations The Crustal Evolution
...E:1,:aipn Project began work in 1974 under
th- auspices of the National Association of
GeoloTy Teachers CEEP materials have been

de,eloped by teams of science educators
o,assroom teachers and scientists Prior to
c_.bli..cat,on the materials were field tested by
m-ire thJn 200 teachets and over 12 000 students

crus'al evolution research is a breaking
story tha students are living through today

About CEEP
CEEP oiules consist of two booklets a

Teacher s Gu,de, and a Student Investigation The
Tearner s Guide contains all the information
and .ilustrations in the Student Investigation

,s sections printed in color intended only for the
teacner'as as answers to the questions that
are InciJded in the Student Investigation
V sorne,modules there are illustrations that
appear on: y in the Teacher s Guide and these are
dosinated-by figure letters instead of the number
sequence used in Ine Student Investigation

=or some modules maps rulers and other
common classroom materials are needed. and in

The material was prepared with the
support of National Science Foundation
Grartt Nos SED 75-20151 SED 77-08539
and SED 78-25104 However any opinions
findings conclusions or recommendations
expresed herein are those of the author(s)
and do not recelsarify reflect the views
of NSF'

In order to comply With U S Public Law
9486 every school district in the U S A

.them
these"materials agrees to make

tnern available.for inspection by parents or
gu.ardians of children engaged in
educational programs pr projects of the
school,diStuct

Copyririht 1979 by Southeast Missouri Sate University

Teachers and student's 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 be used by teachers with little or
no previous background in thd modern theories
of sea-floor spreading continental drift and plate
tectonics

We know that you will enjoy using CEEP
modules in your Classroom Read on and be
Prepared to experience a renewed enthusiasm for
teaching as you learn more about the living earth
n this and other CEEP modules

.arying quantities according to tne method of
presen1Nanon Read over the module before
schedeng its use in class and refer to the list of
MATERIALS in tne module

Eacn module is individual and self contained in
cJhtent but some are divided into two or more
parts for convenience The recommended lengtfl
of time ,for each module is indicated Some modules
require precequisite knowledge of some aspects
of Fiasic earth science this is noted in the
Teacher s Guide
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Plotting The Shape
Of The Ocean Floor

INTRODUCTION

ISA

p

An oceanographic research'essel 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 is an advanced tbrm 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 We 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
look like? 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 is there between sea-floor features
and locations of oceanic earthquakes?

PREREQUISITE STUDENT BACKGROUND
The students should be familiar with latitude
and longitude. They should' also be ;familiar with
the principle of 15,reasion depth recording
(echo sounding). In addition, they should have
been given Instruction in how td construct a
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 mid-ocdan mountain range.
Beciuse students will discover the rift valley In
the mid-Atlantic mountain range, be sure not
to discuss the details of mid-ocean mountain
topography prior to use of this module.

OBJECTIVES
After you have completed this activity, you should
be able to.
1. Draw a profile of the sea floor using
bathymetric data.
2. Identifywnich topographic elements are
similar on many,bathy,metric prOfdles across
a portion of the sea floor in the North Atlantic,

.0

r-

Ocean.

3. Describe the relationship between sea-floor
topography and earthquake epicenter logations
in a part of the North Atlantic' Ocean.
4. Compare -and contrast the features of,the
bathymetric profiles with those shown otkthe
National -Geographic Society ,Tap, Atlantic
Ocean. Flobr.
5. CoMpare the distnbution of earthquake
epicenters on the bathymetric profiles with those
teen on-the World Seismicity Map.

4
1



'1
MATERIALS immirmarer
For the class: 4

Atlantic Ocean Floor map, National Geographic
Society, Educational Services, Department 79,
Washington, D.C. 20036.

---,
World Seismicity Map, U.S. Geological Survey,
1200 S. Eads Street, Arlington, VA 22202.

For each student: t
Pencil with eraser ,
Graph paper, heavier lines every tenth line
Scissors
15 cm ruler or straight edge
Red marking pen
Construction paper, 2 oil 3 sheets ,

Liquid glue, or tape wit adhesive on both sides
Cellophane (or masking) tape
Small wooden blocks (optional)

, l

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

' the mid-ocean ridge. The depths given on the
track chart have been selected to give the students
representative depth points with which to draw
a bothymetric profile. 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. t
These are the only reliable track line data that
R.V. Vema has obtained of areas at right
angles to the trend of the microcean 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 revealed by the
Vema soundings.

The track lines are not at exa6 right angles to
the mid-ocean ridge line. Some df the deeper
depressions that the students may detect
on the sides of the rifle could be caused by
fracture zones which would be generally parallel
1:)-the track lines. But additional data would be
needed to locate the fracture zones. Therefore,
a discussion of fracture zones might follow
student completion of profile 1-1 as described
In EXTENSION 1..

..1
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The relief 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 volcanoes (seamounts)
vehich rise to within 1700 m of the sea surface
in this area. The volcanoes are built from
basaltic lava which oozes out into the water
through cracks in the sea floor. Because it
is chilled swiftly, the lava jorms 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 valley in the
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 comities's open fissures testify to the
stretching of the earth's crust at rightfangles
to the ridge and rift valley. This confirms the
sea-floor spreading hypothesis, which assumes
that the ocean is widening at right angles to its
midline. The fissures are often filled with
upwelling magma, and sheet-like masses (dikes)
of medium - grained basic rock (dolerite) are
emplaced. The fissures also feed centrarvpicanoes.
At the margins of the mid-ocean ridge, Ithundreds
of kilometers from the midline, the topography
is dirriinished somewhat by the deposition of
fine-grained deep sea sediments in the areas
between the seamounts. The lessening of the
original relief by sedimentation has little
effect in the study area because the rocks, are so
young that sediment has had little time to
accumulate.

5
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The positions of the earthquakes plotted on
the chart (Worksheet) represeht all the data
available in this area for the period 1966-76. In
some cases the presence of an earthquake was
determined after examining records of earthquake
shocks received by over 100 seismological stations
scattered through all parts of the world. Since
about,1966, the location of an earthquake can be
determined within one tenth of a degree of
latitude (roughly 101(m) or fess, After he students
have plotted their profiles, they will belble
to see a cloSe relationship between the positions
of the earthquake epicenters and the central
rift valley or its margins. Their presence Indicates
that active earth movements, associated both
with volcanism and the stretching of the earth's
crust, are taking place along this zone. A few
of the earthqualvs Ile away from the mid-
ocean line. These are probably associated with
fracture zones trending at Fight angles to the
mid-ocean ridge line.

SUGGESTED APPROACH
During the first few minutes of class, review the
fundamentals of latitude`and longitude. Describe
the actiorEtof SONAR, end how these data
are collected. Mention that the sea Is one of '
the, last "reachable" frontiers, just beginning to
be explored.

The age of the seamount volcanoes generally
increases In direct proportion to their distance
froth the mid -ocean ridge Ilne. The oldest volcanic
rocks, lying beneath sedimeng near the margins
of the North Atlantic, are at least of pretaceous

.age.iTherefore, the underlying voicahic rocks
must be this same age or older.

In general, the elevated relief along the
mid-ocian ridge was caused by the heating
and expansion of the columns of rock lying
beneath the ridge. As the ridge area Is augmented
by volcanic extrusions and dikes, 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
(exponential) decrease In height towaids the
margins.

r.

The students should be told that the Worksheet
has track Ilnes,.or "paths" the.ships followed
in crossing the ocean. The aumbess which apptar
along the track line are depths beldw sea level,'"
in meters, to the ocean floor.

Do not give away the thrust of the activity by
discussing or illustrating the lines of remounts

4
on 'either side of the rift valley at the crest of
the Mid - Atlantic Ridge, or the fracture zones,

, at right angles to the ridge crest, which may be
present In the study area.

Asiign seven studente toeach team. Indliliduals
within the tearn'will construct one or more

. bathymetric prOfiles nmbered2-2 through
> 10-10. For purposeS.of efficiency assign one

student to`each of the profiles numbered 2-2
. through 6-6. Assign one student to construct pro-
; "flies 7-7 and 8-8 and one student fo construct

. profiles 9-9 and 10-10. Profile 1-1 reveals a
phenomenon not present in'the other profiles;
It Is treated In the EXTENSIONS section.

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

One track-line chart (Worksheet) should be
designated as the team chart on which the
completed bathymetric profiles will be assembled.

if conditions all§w
/
, you might make a bathy-

metric profile construction and assembly into
a game situation in which the fastest and most
accurate team receives additional praise or
an award.

Assigning the students to plot their bathymetric
profiles 'at home is well worth considering.
They could work through PROCEDURE steptir
1Q-12 as homework.

0
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A
PROCEDURE

. In this activity, each student constructs a
bathymetric profile from data recorded on a track
chart. The profiles 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 required: 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)

i

trs-'4'
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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

1

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 1000 m and
5000 m depth lines.

5. P salon the 1000 m line of the graph paper
alon the track tine 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 right end of the track tine. As you mov
to the left, stop the profile plot at the left edg
of your graph paper.

t,

4

/1
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)

6. Based on your previous practice in plotting
bathymetnc profiles, transfer the depth informa-
tion from your track line to rie strip of grap,h

,._
paper.

7. Draw the bathymetnc profile by connecting .

the data irf sequence from the first point, to
the second, to the third, and so on'. Use a pencil
and ruler for connecting the data point.
8. Earthquake epicenters are shown on the
Worksheet by large, five-pointed stars. Find any
earthquake epicenters that 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 ihan 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 s: .

before, make a large dbt on the bathymetric priofile
at the place where this earthquake epicenter
line hits your track line ,

Repeat the procedure for each earthquake
epicenter near your track line

'I

t 1

a

7

ft

it'

'If

..:
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10. Use liquid glue, or tape with adhesive on both
sides, to attach the 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 Answpr Sheet.

9

12. Cut two small right triangles, aboit 3 an
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.
If small blocks of woodAre available, the students
can fasten these to the bottoms of their profiles
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. Sge Figure 1.-

A

8
Figure 1. Diagiam showing profiles in upright position.
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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-oOt 10--10arthest away.

By moving you rtlead up and down or side to side,
try to locate similar mountains orvalleys that
appear at roughly the sameiposition on three
or more profiles.

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

Mid-Atiantic Ridge
16. How does the topography sliowd on the map
compare with the topography sh'own by your .
profiles?

The profiles 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.

SUMMAR'? QUESTIONS
1. Describe the Inds of topography found in the
middle of the North Atlantic Ocean
Seamounts, narrow valleys and a rift valley
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 the 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 is the relationship between earthquake
epicenter locations and the topography of the
middle North Atlantic Ocean?
The epicenters generally lie In or near the rift
valley in the middle of the North Atlantic Ocean.

17. Locate the study area on the World Seismicity
Map. By comparing this map with the map,
Atlanfec Ocean Floor, determine the general
relationship between the location of earthquake
epicenters and dea-floor topography. Write a
sentence in the son, below which describes this
relationship.
Earthquake epicenters ale 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 Seistany Map. At what
depth zone are earthquake foci found in the
study area and along the entire mid-ocean
ridge system?

0-70 km
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EXTENSIONS amemen,
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 valley appears in a more
westerly position. The shift in position may
be related to a fradture zone lying between
profiles lt1 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
mid-ocean ridge. The fracture zones appear cisariy)
on the map.

Construct a profile cut-out for track line 1-1.
,j-low 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.

4

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 relief 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 highestinountain 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. Powell was the first scientist to organize
a geological ".6ittploration of the grand Canyon
region.

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
insignificance, 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.
INF 74-19
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PlottingiThe Shape
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INTRODUCTION
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 is 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
prDd_ic.es, 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
look like? 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 is there between sea-floor features
and locations of oceanic earthquakes?

OBJECTIVES
After yOu have completed thiactivity, you should
be able to
1. Draw a profile of the sea floor using
bathymetnc data
2. Identify which topographic elements are
similar on many I athymetnc profiles across
a portion of the a floor in the North Atlantic
Ocean

Copyright 1979 by Southend hUstoud State University
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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
bathymetnc profiles with those shown on the
National Geographic Society map, Atlantic
Ocean Floor.
5. Compare the distribution of earthquake
epicenters on the bathymetric profiles with those
seen on the World SeismIcIty Map.

1



PROCEDURE
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 bathymetnc
profile, start by writing the number, "1000 m",
at several places along the top, ruled line
of your graph paper

, 2. Orrthe next thick, ruled line write the number,
"2000 rn", 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 1000 m and'
5000 m depth lines

5. Position the 1000 nit line 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 right end of the track line. As you move
to the left, stop the profile plot at the left edge
of ytur graph paper.

6. Based on your previous practice in plotting
bathymetnc profiles, transfer the depth inforrha-
non from your track line to the strip of graph
paper

7. Draw the bathymetrivrofile by connecting
th,e{data in 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 bathymetnc 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
size strip of construction paper.

2

11. Use scissors to cutIttlong the bathymetric
profile line. 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 bathymetnc profile cut-out

i
12. Cut two small right triangles, about 3 cm
(In each side, from the excess construction paper
Tape one to.each side of the profile cut-out
so Et can stand up. See Figure 1

13.. Place your profile cut-out in its proper
position along the Worksheet being used f0,r 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 !Me 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-out 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 position on three
or more profiles

15. Study the map, At /antic 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 topography shown by your
profiles'?

2



3770 

415 

3750 

4520 4 

3750 

4130 

403. 3530 
37 

70 

4 
000 

3670 
3270 

3670 
3580 

3770 
290 

3770 

3100 
3010 2780 

2770 

3410 
3290 

2320 2770 

4104 
3880', 3740 

3660 

4.4.. 

3590 
3590 

3500 
3690 

3660 
3660 

3820 
3520 

3390 

3 160 

3100 
3170 

3600 
3020 

2510 

4020 4 230 

4510 

4500 
43130 

4440 
4 380 

4280 
4420 3 920 

4 080 

4 
390 

4170 4130 

3850 4 160 

3750 
4110 

4230 4540 4560 4 570 

4360 
4 290 

3980 
3760 

3250 3 390 

3970 
3880 

3660? 
3660 

3410 

3290 
3430 

25 
40 

0 0 0 

4080 
3630 

4020 

660 
600 

3760 
3720 

3620 3 ,5 
50 

3850 

' 

3820 
3940 

4020, 
080 

640 
630 

3620 

70 

2980 

0 

2840 
2900 

2580 
3480 

3140 
2880 

3110 282 

0 

3180 
2860 

930 

3520 
3000 

4160 
3490 3 750 

3300 
3840 

34 
70 

34 
50 

311.0 

3680 

2910 

00 
280 

3060 
2980 3100 

2970 
20 

22369167300 

. 

5 

2890 

3230 

2820 

421916:00 

3856300 7 30 
180 4 

70 

4090 

4040 
4040 

4 
170 

,----- 

3760 

190 

2650 

p 

* 

22:00 

2526200 

4220 

3110 

2810 

-3320 880 

6, 

3470 

226 
00 

322°9690°° 

4":74310: 

.0'. 

22254100 

326/ 
18:: 
*4:4::°4' 

1.° 

* 

2630700 

28 
20 

3200 

3100 

3 

249130° 

770 

* 
60 

... 

29520a 

2510 

2800 

' 

2206040° 

:20°5912190°7 

", 
0 0 
"t 

"l 
cf 

0 
, cf 

0 

2 700 
00 

2 

2 940 

"5'1 

0 

2220 
2490 

2730 

36 
40 

2640 0 00 

33 
27036 

' 

1? 
0° 

%41,0 A 

0 0 

35 
00 

216 

0 

2242860607056° 

, 

- 1? 
PLO 

.P 

334577 

2860 

°9° 

o; 
620 

2 710 2960 

2880 2 40 2460 

3120 

3380 
3550 

2790 

3220 

2650 

3890 
3500 

3420 

24 
60 

2230 
2000 

2700 
2620 

3400 
28 

20 

3110 050 

3600 

2580 
3540 

0,440 3600 500 

.-4 

273 
36/0 

2610 
3080 

6'50 

3°30 7.10 

990 
460 

677 

610 
050 

1070 

030 

43,0 00 0 

3750 
3540 

3090 240 

220 

09° 
9° 

2460 910 

-5`31:,°0 

3010 
2060 

'59°°0 P\ 

2950 

-54 

0 
"P 

3720 510 

, 
,t,") 

0 
'1 1") 

2900 690 450 00 C 

28 09c 39(3 70 40 
980 

4140 300 
2780 

2950 2520. 24 
90 

2800 
0 

2820 430 
2950 

O 

940 

,1) 

0 

1880 

1, 

0 
0 
,.. 

2 760 

I- 
I, 
v000n 

2530 

7 
tip 

0 

O 1.0 

99,0 

39 

50 

0 

0 
860 

3260 

' 

Bp 0 
0 

0 
30 

G° O 
'56 

0 
0;0 

\ 

4090 

\ 

AN 
50 

.,.,, 

\ 

0 

\ 

40 

, 

60 



126S-00...
Cs-

s'a

0e6i,

0

Oeer

o

0/6

S-

,P

Ot..,

0
T-

le'

$

Ors.

co

0

.5.1.,

9.

og,

0.

..

.

to

006,1

(..
SLs),-L

'3

0

oi7sc

-'
.

-6

099

-"o

42-

-..

1.5..

Z.

0

0t$00,

_)

4'0'

--

c.:...-

00"

'r
4,..

7
6

(9

l'''
S6

11)1)

'a.'

00

'CC'

C-

0
't

9;)
000

0

O

Oee

0

01*

081,

0,9t,
040.

°pet.
091,

090

os4
006

06e

069c

OZ
9C

()Cy('
0(9E

o99e
oast

.

06

0

O90
oo9e

or
9c

4:r
otze4

tO

096OZIC

009Z
098Z

090Z
000C

Ob9Z
091Z

OZ

9C
()LOC

00
00

0
oc

C"

0082,

Of

000Z
009Z

ooL

0

0£1-

0
060Z

0Z01
001Z

00(
Oh

009Z
04S2

0
Oil011.

OZ
Zb

OCL098C
OESC

OL

PC
091

OZ9
069

00ZC

Ot
088C

Oz02ZC
£

OZCC
0600

ObOO
0000

OW,
09c:

01762
az9Z

00ZZ
000Z

OCZ

09
bZ

0992
09IC

029Z
011C

099Z
Obit

°ICC
090C

OL
Of061C

09ZgRIC

099Z
0C6Z

Ot
IC

OZC016Z00IC
01362

090C
08ZC

oocc
089OZ9C

0C9C

009
090

or",

6
p`c

OZ

6e0.44

OZ
9E

C4
Er

00ec
Ocoe

OCt.c
06ZT

00ic44.4

090E

o't,0(:)c
004

010f
090c

091E

.90

06
cc

0109cc

4

ttOC

0
tec

°Sop.
096c

024
090c

090E

oezE
Obct

OlOc
Obzc

06cc

09cc009c

6C
WOO

006C
USE

9C8C

OS
SC

OZ9OZLC

09(NW
OZpC

009C
OLIC

001COeiC

06COZ8C
099C

0995b69C

c6
cc:

00SC

099EOviE089C
Ott

09
oak-

0,54
otoc

0.e.zz
oeLzo(6i

oot
oLLE

06ZC

OZZC

09
cc:

OL9C

Zt
029C

000

0L
COCCC



17. Locate the study area on the, World Seismicity
Map. By comparing this map with the map,
Atlantic Ocean Floor, determine the general
relationship between the location of earthquake
epicenters and-gee-floor topography. Write a
sentenceln the space below which describes this
relationship

SUMMARY QUESTIONS
1. Describe the kinds of topography found in the
middle of the North Atlantic Ocean

41"

18. Study the depth of earthquake foci (origin
points) on the' World Seismicity Map. At what
depth zone are earthquake foci found in the
study area and along the entire mid-ocean
ridge system?

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

O

Figure 1. Diagram showing profiles in upright position.
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3. Whit is the relati,onship between earthquake
epicenter locations and the topography of the
middle North Atlantic Ocean"

EXTENSIONS
1. Constc.uct a prbfile cut-oukor track line 1-1
How 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

2. Write a paragraph, or poem, or sketch a picture
in your booklet that tells or shows what it might
be dikelike 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 abovt looking up from
the floor of the 'Colorado River valley in the Grand
Canyon Powell 'was the first scientistto organize
a geologicallexploration 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
Insignificance, 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 Whatefalls
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 Po.w. ell's exploration of the
Colorado River, U S Geological Survey.
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