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XIl-A-la: EVIDENCE OF CRUSTAL MOVEMENT oo 0

QUESTION: T S
What evidence suggesis minor changes in the earth 5 crust?

MATERIALS : o |
Color slides and other photographs; specimens of small f01ds fau1ts, foss1¥s;:geotog1c maps?

of New York State and the U. S.; topographic maps; simple compass (for measurang str1ke), o
simple clinometer (for measuring dip). See below: _ AR

fape, tape,

SUGGESTED APPRCACH:

1. Students should observe actual evidences of crusta] movements in the 10ca1 area ThTS s
possible in many areas of New York State, Theh, these f1rst hané observatﬁoﬁs may be sup
plemented by pictures, specimens, and maps . Tk : . e

2. Conduct a postlab discussion cons1dering siich’ questaons as :
a) lhich of the observed changes were rapad? Whach wére slow? k : :
b) Did any of the observations Tend themse%ves to more than cne interpretat1on?

How could you determine which of the’ 1nterpretat1ons were most accurate? k

PRECAUTIONS'

Try to cheose materials, both 1aboratory and f1er that the students can interpret

MODIFICATIONS:

In Tieu of a field trip, plaster or clay models of foIds fau1ts, etc., can be used There
is no subst1tute, however, for the.real thing. o o ni

BACKGROUND INFORMATION:

1. Suggestions for field observations: -

a) Tilted rock layers (e.g., Hudson VaI]ey, Oranqe County, a1ong the Thruway between
thca and Aibany, anG between Aibany and Suffern} e : R



XI1I-A-Ta
b) Joints and faults

¢} Fossils of marine organisms in rock now located high above sea level

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

e) Interviews with persons who remember earthquakes atong the St. Lawrence Valley
2. Suggestions for laboratory investigations:

a) Observations of rock or mineral specimens exhibiting sharp folds

b} Rock or mineral specimens exhibiting joints that have been recemented together

¢) Clay tayers that can be folded by applying horizontal pressure

d) Photographic slides or movies showing field evidence of crustal movement

REFERENCES:

Geologic pamphlets by the U.S.G.S. or N.Y.S. Geologic Survey on the areas to be visited.



XII-A-Ta: EVIDENCE OF CRUSTAL MGVEMENT]A'V;.F'ff-"

QUESTION:

What evidence suggests minor changes‘ih'the”earth‘é;CFdéﬁj{i;fﬂf  fff[;~

INTRODUCTION:

We tend to view our environment as being relatively uhChahQth.. It 1s__f;"

possible, however, to find evidence of change, even if the changes
themselves are too slow to be seen. In this investigation, you w111

examine evidence in the field that suggests that at 1east portaons of f

the earth's crust are undergoing change.

OBJECTIVES:

When you have finished this investigation, you shou1d be abie to

1. identify and interpret evidence that suggests mxnor changes 1n the fa

earth's crust.

METHOD:

1. Record any evidence in the area that suggests changes 1n the
earth's crust. Make sketches or take notes s1nce 1t may not be
convenient to revisit the location. . AT

2. Examine the additional information prbvidEd td you'by y6h§”1hsthcéf”
tor about the area,and,using your field observat1ons,draw 1nter~ N

pretations regard1ng crustaT change. -

QUESTIONS: B e
(A-1.11) 1. Describe any evidence for fold1ng, t11t1ng, or fau1t1ng

of rock strata that you were able to observe.. . From these;f
observations draw inferences concern1ng the past htstory 5

of the area.

(A-1.21) 2. What does the presence of marine fossils 1n rock found atff

high elevations suggest to you7

N



Easy (2)

XII-A-Za: EARTHQUAKE WATCH ANALYSIS

QUESTION:

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

MATERIALS:

Completed earthquake watch data, blank world map {supplementary sheet}, and student handout
sheets.

SUGGESTED APPROACH:

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

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

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

TYPICAL RESULTS:

T. 1if a sufficient number of earthquakes is plotted, a clear pattern of the active earth-
guake belt should result (about 400-500 earthquakes plotted will accomplish this although
fewer than 300 are sufficient to itlustrate the basic trend).

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

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

At A A CONTINENT

BACKGROUND INFORMATION;:

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

REFERENCES:

Imvestigation the Earth, pp. 318-319, Teacher's Guide, pp. 388-389.



XII-A-2a: EARTHQUAKE WATCH ANALYSIS'feT-‘_e o

QUESTION:

What evidence suggests major changes in the eafth‘s:erUsz-ng?J,fff"f55”'

INTRODUCTION:

Occasxona1]y an earthquake occurs that causes wldespread damage and 13?5-,-3
publicized in newspapers, on radic, and television.  Earthquakes occur.fj:fj
far more frequently than this, although most have a magnitude small:: = =
enough so that 1ittle or no damage occurs. The frequency of occurence = .
of earthquakes, and the areas most susceptible to them - should become ik
apparent when you have concluded this 1nvest1gat1on.. R S

OBJECTIVES: | |
When you have finished this investigation,you=Shou1dfbe'eb}eetoff?legfeefj],f
1. identify regions of high earthquake aCtivay'Oh'a'WoﬁTd'mépf:{;ffV'ﬁfﬁ':”

2. vrelate the world distribution patterns of earthquakes to patterns_ i“"":“
of volcanic activity and mountain ranges.. : TR R

3, draw inferences from the pattern of earthquake focus depths and _;;_;
relate them to understandings of the th1ckness of the earth s crust;-ﬂjie

METHOD: . o o

1. Study your completed Earthquake Watch Maps carefuTTy'and out11ne, e;gua

on your world map (supplementary sheet), areas of h1gh earthquake o1
activity. _ _ EORIRA e _

2. Outline areas with rugged mountain systems.--_T:Tfﬁ}efffﬁfeiﬁ;'

3. In a resource book, find information concern1ng the actave volcan1cﬂ
regions in the world and outline these areas on. your map et

4. On a standard size sheet of paper sketch a coasta] area of the :
world where earthquakes seem to occur frequently.. Transfer: from
the Earthquake Watch Map to your sketch map the. approx1mate Toca
tions of as many earthquakes as you are ab]e° Use the f0110w1ng
symbols to indicate depth: e ‘

ShaHowe-—-—we-.
Intermediate *
Deep - = ~—— 0
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If you have the information available, you may want to write the
actual depth next to the symbol. When you have plotted a number
of locations (30-100), you should prepare a cross section of the
area showing both the Tocation and depth of the earthquake
focuses, When you have plotted all your points, draw a line re-
presenting the average depth to the focuses as you cross the
boundary between ocean and continent. OUraw inferences from the
pattern that evolves.

QUESTIONS:

(A-2.11) 1. Describe the zones on the earth's surface where frequent
crustal activity can be expected,

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

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



Supplementary Sheet - 3“ﬁ ;__ }°inﬁA%2a;'iJﬁ; f:
WORLD MAP-  f-:::-7w R




Challenging (%)

XI1-A-2b: JAMES HALL'S FIELB TRIP

QUESTION:

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

MATERIALS:

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

SUGGESTED APPROACH:

1.

Discuss briefly the route along which the stations are located and the evidence provided
of outcrops located at the stations. (Use pictures if possible.)

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

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

PRECAUTIONS:

1.

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

The data are generalized. The units are lumped together to avoid introducing terminology
of formations and geolegic age. Only the current thicknesses of the rocks are included,

This omits the great thicknesses that must have been removed during the Mesozoic and
Cenozoic eras.

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

TYPICAL RESULTS:

The cross sections will vary in appearance since students will choose different vertical scales,
However, this should not affect interpretations. With guidance, students should be able to
develop the geosynclinal concept of a shaliow sea enviromment. Briefly summarized, the pres-
sure of the sediments constantly depresses the sea bottom so that a sediment-f{lled trough fis
formed with deformation in the areas of greatest pressure,

MODIFICATIONS:

1.

Introduce the “field trip" by telling the history of James Hall and, if possible, showing
s1ides of outcrops found along the east-west route of the trip. (See Background Infor-
mation for a possibie script to such a slide set and an outline biography of Hall,)
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2. Obtain a USES basement rock map (cost about $3.50}, and compare the cross-sectional pro-ﬂ_-;-"
file made in this investigation with it. You will find a trough on the basement map in . 00
the Eastern U. S. that corresponds with stations § and 10. But which came first, the o0
sediments or the trough? B T I R

BACKGROUND INFORMATION:

Teachers may wish to organize a slide field trip with script similar to this one, ;fﬂﬁi.ti

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

James Hail was born in 1811 at Hingham, Mass., on the shore of Massachasetts Bay, S
southeast of Boston, He spent his early years hera and no doubt became qu1te fam111ar B
with this salt water coastal environment. Ty

Eventually Hall Teft Hingham and walked overland to Troy, N. Y., where he attended ¥
Rensselaer College {now R.P.I.). As he made this journey through western Massachusetts;- S
he must have seen these folded metamorphic rocks of Ordov1c3an and CambrTan age.u These i
rocks are between 500 and 600 miilion years old. s S S

As he neared the Troy and Albany area he probaply observed-roéks 11ke-theseih5§h1jfﬁ B
folded ones tocated near the New York-Massachusetts 1ine. They are of Ordovician. . .. i«
age, younger than those in western Massachusetts. R s T

Gne of the problems that must have frustrated Earth Scientists of this fime wag i
the thick Tayers of sand, [1ke these at Glens Falls, N. Y., that coveréd most of. - -

the landscape, hiding from view the bedrock underneath. The concept of continental . .=~ .
glaciation had not yet eveolved, and would not until 1850 when lLouis Agassiz came ta’ Sl
teach at Harvard College. About the only bedrock that Hall could Kave studied in.. i iiiiis:
this area were these flat-lying Vimestones of Ordovician age found a?ong the Hudson DR S

River above Glens Falis, T

Hall was appointed New York State paleontologist in 3837, In 1838 he 0rgan1zed a 5
field trip from Albany westward across New York State. As he moved west from A]bany, G
he probably studied siightly tipped and deformed rocks 1ike these of 0rdov1c1an age

near Scotia, just west of Schenectady. : _ S

Across the Mohawk River, to the south, but net far from ScotTa,he probab1y observed_ prn
rocks similar to these that dip s§1ght§y to the south and are of Ordov1c1an age._gqﬂ-

About 20 miles further west,he could have seen fWat 1y1nq rocks of 0rdov1c1an aqe .;';_ﬁ SR
similar to these limestone ¢liffs exposed along the Mohawk RTVEP. . RERAtEY

As he proceeded west to Canaaohar1e he may have been puzzled by these p011shed and SRR
grooved rocks that we now recognize as evidence of continental glaciation..: Neap : <0 i
Herkimer he may have had opportunity to study rocks similar to these gent]y t?pped e
limestones and shales, still of Ordovician age.

In the vicinity of Utica,muddy locking, flat- 1y1ng, th1n1y bedded aners of sha1e
about 440-500 million years old may have been observed, These rocks can be traced
intermittently westward all the way to the Niagara Gorge at Lew1stoﬂ._: TEa, .

Hall would not have been able to observe these younger rocks of S11ur1an age wh1ch T
have been exposed as a result of excavation for a Physics Building on- the Syracuse:
University campus. These thiniy-bedded, flat-lying, tan colored rocks are about S
50 million years younger than those of Ordovician age which were seen near Ut1ca '
These Silurian age rocks can be observed in outcrops from a point just west of = -
Utica to Camillus, just west of Syracuse. One of the fossiis common’ to thig rock
formation found in the Syracuse area is the Eurygterzd Ha11, a pa1eonte1og1st,
probably observed many of these fossiis, SR ]_"‘_

As he proceeded west from Camiilus, Hall no doubt stud1ed rocks s1m11ar to these B
Timestones which outcrop near Batavia and are members of the Devonian period, aboutﬁ .
376 million years old, These represent some of the youngest rocks that Ha11 could ~@~

——
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have seen on his trip westward.
In the Letchworth State Park area, south of Rochester, along the high banks of the

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

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

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

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

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

As a result of this {ield trip and Tater ones, Hall was to fermulate the theory of
geosynclinal mountain buiiding for which he is best known.

REFERENCES:

Investigating the Earth, pp. 312-315, Teacher's Guide, pp. 379-385.

Do NoT frnl



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

QUESTION:

What evidence suggests major changes in the eartﬁ'éfcruét?¢{ §? ;§{flfj1?”5“'

INTRODUCTION:

More than 130 years ago, James Hall trave?ed by foot and horse across

New York State collecting geologic evidence for the h1st0ry of the area.ﬂ5if

In this investigation, you will use data similar to his. You will i

study photographs of outcrops taken at the data stat1ons wh1ch range ;r}7f3

from Buffalo to a point east of Albany. . R s
QBJECTIVES: B R

When you have finished this investigation you should bé ab1e fda"'”

1. interpret the ancient geologic environment of the area between
Buffalo and a point east of Albany. SR

2. relate the geology of the western portion of the state to that ;if ;}¥$ff7f?

of the eastern portion.

METHOD:

1. Study the map, data, and information for the “faeid tr1p“ koute.;jff:f"'

2. On graph paper,make a cross section of the sed1mentary rock 1ayers”'
from station 1 to 10. Rock Unit I is abova Unit II L ;

3. Discuss with other students the evidence obtazned frem the crossm;.,]f
sectional profile and the information on the data sheet S

4, Interpret the evidence, and write a probab?e geo]og1c h1story of
the area between Buffa]o and station 10, ‘ S

QUESTIONS:

(A-2.21) 1. What evidence indicates that the sed1mentary rocks graph-.:
ed are shallow-water in or1g1n? . : o i v,

(A-2.22) 2. What could explain the extreme th1ckness of sha110w-water
deposited sediments? : I N R

(A-1,11) 3. How do you explain the d1fference between rocks at sta~--
tions 8-10 and those found at stat10ns - 6? o o

(A-1.11) 4. What do you think happened to rock Un1t I and II at staw Jff
10?7 Why? o R IR BRI s s



Supplementary Sheet XII-A=2b
JAMES HALL'S FIELD TRIP

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

Stations 1 2 3 4 5 6 7 8 9 10
Rock Unit I 900 1500 1500 1500 1500 2000 2500 0 0 ?
Rock Unit 11 300 350 650 3000 3300 3300 3000 3300 3300 ?

Adapted from: Investigationg the Earth, Teacher's Guide

Rock types found at various stations

Niagara area - horizontal Tayers

Flat~lying sedimentary layers

Rocks contain fossil coral

Fossils and thin layers commoh

Warped sedimentary layers

Rocks contorted and shattered

Rocks greatly disturbed - evidence of igneous activity

L I S S N S B



XI1-A-2¢c THE SPREADING SEA FLOOR .

QUESTION:

What evidence suggests major changés in the earth's crust? f

MATERIALS:

Student sheet and Supplementary-Sheet,

SUGGESTED APPROACH:

1. Discuss with the students the concept of a magnetzc field and the meanang of a magml
netic fleld reversal. Ask how a magnetic field might be "preserved" 1n mo?ten rock.,
as it solidifies, _ .

2. After making certain that the students understand the method this exer01se can best
be done as a homework assignment. ‘ E

3. After completion of the assignment, discués with the Stﬁdéntéi='“f”r':1"'
A. The meaning of ocean f%oor spreading. o .
B, The rate at which it s thought to be occurﬁing'

C. How does it relate to other theories such as the geosync11ne theory and the ;”f_ﬂt
continental drift theory. - o

PRECAUTIONS:

1. Students sometimes -have dqffaculty rea]1zing that the upwe1!1ng occurs: aTong the- i
mid-AtTantic Ridge and spills over in both east ahd west directions.  Therefore,
materials of similar age should be located at approximately equal distances eastg*
and west of the ridge. The magnetic reversa! pattern serves’ on]y to Tdentify
rock units of the same age. B . 3

2. As in most natural systems, the movement has not been yerfectiy symetr1ca1 the [:i.
distance the rock has drifted eastward is congistantly less than the: d:stance Tt:
has moved westward, therefore an average must be taken and used for cemputat1on

TYPICAL RESULTS:

NUMBER - 1 7 [ 3 [ 4 1. 5 1 %5 ]
Distance West (km.) 40 70 |80 | 104 T8 [v13a
Distance East (km.) I 42 | 60 | 74 |90 102
Average Distance {km.) 34 56 |70 Ltael | 104 |oomigs |
Age From Scale{million yrs,} 2.8 i 56 | 7.9 | 84 | g5 ‘3”
Rate of Movement (cm./yr.) | 1.21 1.24 ].24_ '.'1,25_ : 1 24 | 1'23;1'-k

The Tine drawn by the student for quest10n 1 shou?d be about 1 2 om long Afr1ca
should have been in the indicated position (quest10n 2) abeut 2, 0 X 10 years ago_

3 5 . L
24 K10 kn. y 105 em .o,y q0 yoargi e

yr.
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For question 3, correspondence should be excellent at al} points used in calculation.
Short intervals may not show up on the gensral profile because of the amount of material
magnetized and the Tack of sensitivity of the instrument.

MODIFICATIONS:

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

1. Set up the apparatus as shown below.

4ﬁ/¢¢Fﬂouﬂng Blocks of Poraffin or Soap
. v t . )
- Continenis

Plastic
Shoe Box

Light Fluld —pees el L ==

e oai " e

_Light Bulb
(held under center of

plastic shoe box but
not touching 1t}

Note: Pour the Tighter fluid very sTowly, using a piece of cardboard to break its
velocity. Try fo maintain a sharp interface between the more dense {dark fluid)
and the less dense (1ight fluid). Density of the fluids can be controlled by
storing the dark fluid in the refrigerator and the 1ight fluid in 2 bucket of warm
water, previcus to class time.

2. Place a transparent 11d on the box with a plastic sheet attached to it and sketch the
position of the "continents" as they appear before the Tight is turned on,

3. Qbserve the Tight and dark fluids from the side of the shoe box and sketch the inter-
face between the two.

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

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

REFERENCES:

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

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

4.0, Philiips, "Magnetic Abnormalities over the Mid-Atlantic Range Near 27°N," Seience,
Aug. 25, 1967, Yol. 157, pp. 920-922

W.C. Pitman, IlI, & J.R. Heirtzler, Seience, Vol. 154, 1966, p. 1164



XII-A-2c: THE SPREADING SEA FLOOR

QUESTION:

What evidence suggests major changes in the éarth's CruSt?j_.; ~j'7' 5*”“37-:"

INTRODUCTION:

When molten volcanic rocks cool and so11d1fy, the magnet1c mlneraTS
in them are magnetized in the direction of the earth's magnetic
field. They retain that magnetism, thus serving as permanent: '_ PR
magnetic memories (much Tike the magnet1c memory elements of a com-riuﬁxf:f*
puter) of the direction of the earth's field in the p]ace and at

the time they solidified. - ok

In 1906, the French phys1c1st Bernard Brunhes found some R R I
vo]canic rocks .that were magnetqzed, not 1in the direction of the ;f[
earth's present field, but in exactly the opposite direction. '
Brunhes concluded that the field must have reversed. Although his.:
observations and conclusions were accepted by some Tater workers, =
the concept of reversals in the earth's magnetic field attracted. -
Tittle attention. In the past few years, however, it has been
definitely established that the earth's magnetic field has two
stable states; it can point either toward the North Pole,as 1t
does today,or toward the South Pole, and it has repeatedly
alternated between the two orientations.

Using a combination of magnetic reversal and atOmac'dat1ng, we. -,:-;._aa;_
shall attempt to make a model of the earth's floating: crust. The. DL
rift in the Mid-Atlantic Ranges seems to be-a'place of upwe111ng so SR A
we will concentrate on it. The research vessel Chain of the AR

Woods Hole Oceanographic Institute made crossings of the M1d-: :
Atlantic Ridge in 1966, using an instrument which shows 1ntens1ty
and direction of the magnetzc field produced by the rock on: the
ocean floor. The profiles produced by the Chazn are shown 1n
Figure 1. , . e L

Using radiocactive dating techniques (pr1nc1pa11y potass1um argon) |

volcanic rocks of the ocean floor in-this area were g1ven spec1f1

‘ages. The rock ages are shown 1in F1gure 2 o B
OBJECTIVES:

When you finish this 1nvest1gat1on, you shou1d be abie to

1. 1nterpret evidence that suggests that at 1east portion"'of the
earth's crust are mobile. . o :

2. given appropriate data, determ1ne a rate of movement of a'crustalﬁff
area. - T Lo
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METHOD:

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

PEAK NUMBER ] 2 3 4 5 b
Distance West {km.)
Distance East (km.)
Average Distance (km.)
Age from Scale (million years)
Rate of Movement (cm./yr.)

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

3. Repeat for each set of peaks east of the rift and record under
'E) 29 39 43 59 6-

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

5. Using the Time Scale (Figuré 2}, find the age of the rock at
each average distance. Record it on the chart.

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

QUESTIONS:

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

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

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

% 4. Below is a Polarity Reversal Time Scale devised by
scientists. Does the polarity of your calculated
model correspond to this at all points? (Lined areas
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are Normal Polarity; white areas are Reversed PO]aﬁity')l”f”5 :f}fff ffff  _“_
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5. Expltain in your own words how the work younhavé dohe!:f'_f;,f;,;,;_,_,_uq,_._. 5
in this lab could lead you to believe in a floating
crust theory. Lk




SUPPLEMENTARY SHEET
FIGURE 1:

ROCK POLARITY ACROSS THE ATLANTIC
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| Challenging (2) | |

X11-B~2a: LOCATION OF AN EPICENTER L él;n"-ﬂ e
LT :?ngﬁ'fff-f.f ;7..:
QUESTION: TR \Q*ff;f\vTV{f“a

What are some properties of earthquake waves?

MATERIALS:

Seismogram recordings of the same earthquake from three different station#, §fa§ﬁ papér,'i Ly
globes, drawing compasses or string, and marking crayons, ' TP S

SUGGESTED APPROACH:

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

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

3. Let them "read" the seismograms and,after having determined the distance to the epicenter =i
for the three stations, let them attempt to locate the epicenter, The latter can be - R
accompiished by constructing intersecting circles on a globe with radii equal to the . oo e
distances from the epicenter. The intersection of the circles will locate the epicenter,.

Circles can be drawn either using a compass oy siring.

PRECAUTIONS:

1. Students may have difficulty drawing the circles on the globes aﬁd=a1§éiinfuh&érsianﬂf
the geometry behind this technique. Some assistance may be needed here, - oo

™3

A globe is best for this investigation, since on1y'a small area on a flat projééfion"ééh be
used without getting invelved with distortion. R SRR bR

TYPICAL RESULTS:

‘Because the technique for constructing the circles is difficult to carry out with accuracy the
circles will probably not fintersect at a point but rather will indicate a small area, the Center
of which can be assumed {0 be the Tocation of the epicenter,. : R R SO E N

MODIFICATIONS:

Provide seismograms from cities within the U, S. for an earthquake WHoée'ebicenfe? is"éi§b;3: S
Tocated within the U. S. It should then be possible to use a map instead of a globe for Tecat=
ing the epicenter, AR SO I St e

BACKGROUND INFORMATION:

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




XII-B-2a: LOCATION OF AN EPICENTER

QUESTION:

What are some properties of earthquake waves?

INTRODUCTION:

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

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

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

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

METHOD :

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

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

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

4, Make certain the paper edge is still-parallel with the time axis,
and then follow the edge down until it intersects the distance
axis. The reading at that peint will represent the distance the
seismograph station was from the epicenter of the earthquake.
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5, Repeat the above process for the other to seISmogPaph stat10ns.-f’

6. You now know the location of the three seismograph stat1ons and R
the distance each is from the earthquake eipcenter.  Now devise ;;j{7_~:
a method for locating the epicenter on a g1obe._q-_1_13‘_.W ___ Hann

QUESTIONS:

(B-1.11) 1. Describe the two major waves that move outward from an.
earthquake epicenter, ' I c f o

(B=2.11) 2. 1If the difference in arr1va1 txmes of P— and S-waves at 751'
a station is 4.6 minutes, how far’ from the epzcenter 1s
the station? S

(B-2.21) 3. If a station situated 4000 km. from an ep1center rece1vesf ”
: a P-wave at 3:20 p., m., what tame d1d the earthquake
actually occur? .

(B-2.11) 4, Mhy is the travel-time graph app11cab?e for a11 earthw
quakes? What assumptions must be mada? e

5. Why was it necessary to know the d1stance From the ep1-f
center for at least three: recordzng stations to be abie
to locate the ep1center? _ R -

(B-1.21} 6. If both the S, shear, wave and P, compress1ona1, wave
were traveling through the same med1um, wh1ch wou}d have
the greatest velocity? SRR i
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Supplementary Sheet #1

Earthquake S~ and P-wave Time-travel Graph

EPICENTER DISTANCE (x103km. )
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Investigating the Ferth, Laboratory Manual
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Supplementary Sheet #2
SEISMOGRAMS

i i 1 i i 1

21 min, Quetta, West Pakistan -

21 min, Balboa Heights, Canal Zone 3O,m1n% E e

21 min, Florissant, Missouri .+ 30 min.: -~

Adapted from:

Investigating the Earth, Laboratory MaHUa]' :*“ NS PE RS ST



Challenging (2)

X1I-D-Ta: FIELD TRIP THROUGH THE MOUNTAINS

QUESTION:

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

MATERIALS:

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

SUGGESTED APPROACH:

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

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

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

&, In post-lab, discuss the interpretations of the graphs. Assist the students in reaching
the conclusion that the mountains must have “granite roots," and that a constant cruste
mantie interface at 20 km. below sea level is improbable,

MOBIFICATIONS:

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

Distance Elevation Predicted Ubserveq
‘ in in Gravity Gravity
Location Kilometers Meters om, /sec,? cm./sec,?
Point Lobas 0 0 979.9 980.2
Near Carmel 5 120 979.9 980.1
Near Salinas 18 17 979.9 979.7
Near San Juan 24 170 979.9 - 979.8
West of San Juan 30 70 979.9 979.6
Near Hollister 46 100 979.9 979.6
Diablo Range 89 830 979.7 979.8
Cen, Valley 105 30 979.9 979.7
Sierra Foothiils 118 83 979.% 979.7
Mother Lode Reg, 132 730 979.7 978.4
Yosemite Valley 163 2600 979.1 978.4
Tuoime 177 3300 978.8 977.6
Tioga Pass 197 3300 978.9 977.6
Monoe Lake Area 217 2170 - 979.2 977.5

a) Data show acceleration of gravity a%ong the route based on the assumption that accel-
eration of gravity if 979.908 cmn./sec.? at 37°N latitude, and that there is a decrease
of -0,0308 cm./sec.? per 100 meters of elevation,

b} Data are based on the assumption that the crust-mantle boundafy is at 35 km, below sea
level,

REFERENCES:
Investigating the Earth, p. 345, Teacher's Guide, pp. 421-433, '65 ESCP Text pp. 14.21 to 14.24



QUESTION:

INTRODUCTION:

XII-D-la: FIELD TRIP THROUGH THE MOUNTAINS ~

What inferences can be drawn about the processes wh1ch may Cjuse_
crustal changes? . _ $ . o

Gravity

units

In this age of space exp?orat1on and moon 1and1ngs, 1t is difficult
realize the extent of man's lack of knowledge concerning the: interio
of the earth. We have never sampled the mantle rock which Ties belol
the relatively thin granite crust of the continents. Our: knowledg_
the nature of this mantle material and its location: is based on- in-
direct evidence such as gravaty and heat f]ow measurements.g,;u

Gravity Measurement:

Your bathroom scale is actua11y a grav1ty—measur1ng dev1ce,{uThe qreat*L
er the grav1tat1ona1 pull on you,the more: the spr1ng qn the sca1e w111

small changes in the pull of gravity.  They: have found that these small’
changes in gravity are related to the dens1ty of the rocks_under tha
surface. Refer to the d1agram be10w. S s

Gravity-*f
units

Distance T . Distance
' Earth s surface ‘"”“mk,tj_fﬁs

Low densxty rock H1gh dens1ty:rock;

= A\

G
high density rock:

Rock cross section s Rock cross sectaon-

Heat Flow:

Although the sun is the pr1mary source of energy at the earth‘
face, small amounts of heat radiate from the earth's interior.
of th1s heat is thought to be produced by the radiocactive: dec'
atoms found in the nonsedimentary rock called: gran1te.gp_:. :

which the rock granite is found

With this ?ﬂformat10n,you are now ready for a fse?d tr1p through”t_
mountains, : : o



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

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

METHOD:

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

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

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

below,
Distance from '
Location Grand Junction Gravity Heat Flow
|Bird City 600 km. 978.78 cm./sec.?|4.2 cal./cm.2 yr.
Joe's 500 .80 4.3
Last Chance 420 .80 4.5
Denver 310 41 5.8
? 290 .32 6.0
Idaho Springs 260 21 6.9
Silver Plume 235 .11 7.1
Loveland Pass 225 .09 7.4
Vail Pass 200 .12 6.9
Vail 180 .14 6.5
Glenwood Springs 90 .25 4.3
New Castle 70 .32 4,5
Grand Junction 0 .59 5.0

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

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

QUESTIONS:
1.

Why is there a gravity "low" over the mountains even with
a constant depth crust-mantie interface? Why a heat flow
"high?" '

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

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



_ XII D 1a
How does the thickness of the crust under mountawns
compare with the th1ckness Tn adJacent areas7_.j:

Relate the posxt1on of the granzte mountain 1n the more et
dense underlying rock to the p051t10n of a f1oat1ng p1ece-;;
of wood in water, _ S BRIt B

Describe a mounta1n bu11d1nq mode¥ that wou1d exp1a1n thez
data observed ih this 1nvest1gat10n AT ._"

What relationships can. you: observe between the p1ctures
taken along the field trip route and. the scaent1f1c data-}
gathered? : T R R e
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