Topic 12 the Dynamic Crust

Chapters 13-16 in textbook

How do we know that the crust moves or changes over time?
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Evidence of crustal changes: (page 294 in textbook)  

A)   Most of the rock that is exposed at the surface is sedimentary; there is physical evidence that surface of the earth moves. 

Original Horizontality: is the understanding that: _____________________________________________________








         _____________________________________________________

Any change from this we assume that movement has been made.

Three basic movements (page 294-297)
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B. Fossil Evidence
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So what do we know now after years of study?  We have a good idea of the following

Turn to page 10 in your reference tables. (This diagram is on page 12 of your textbook)
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b. Earth’s Surface:

a. Density of: (page 10 in ESRT)



1. Ocean (water) 
____________________
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2. Continental Crust (granite) ______________

                 3. Ocean Crust (Basalt) __________________



4. Ridged upper mantle __________________



5. Asthenosphere _________________

b. Lithosphere = ____________________ +___________________

c. _______________________________ = the plastic like layer below the lithosphere in Earth's Mantle

d. Thickness of: Continental Crust =
_______________km



         Oceanic Crust
=
_______________km
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Theory of Continental Drift
How did this theory develop?

· Started with___________________________,

· He proposed the theory of continental drift in the early 1900's

· He also proposed that approx. 200 m.y.a. 

All the continents existed as one large land mass Which he called ________________________
                              





(1880-1930)

Evidence for Wegener's Idea (page 236 in text)
1. The Coastline of the Continents- for example the east coast of

_____________ fits well with the west coast of __________________

                         -like pieces of a giant____________________

2. Fossil Clues 


A. certain fossils of ancient life forms are found on widely separated continents.
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 Ex. Animal fossil: Mesosaurus
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It was a small freshwater reptile.  Its fossils are found in______________ and ____________. 

Can you name a land animal (a species) that is found both in South America and Africa?
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Ex. Plant fossil: Glossopteris --this was an ancient seed-fern (with very large heavy seeds) its fossils are found in _________, _______, _________, _________, __________,and ________________.

3. Rock Evidence
 
1. The ___________________ Mountains of the eastern United States are geologically similar to the mountains in Greenland and Western Europe, which include the Caledonian Mountains of Scotland.


2. Structure, age and mineral content of rocks are similar on the coasts of eastern _________________ and western ____________.

4. Climate Clues


1. Coal, which forms from plants that grow in warm swampy environments, is found today in the colder climates of ____________ and___________________.

2. Coral, limestone containing the remains of coral, which once lived in warm seas, is found today in northern latitudes such as ___________.

3. Ancient rocks of the same age near the equator in South America, South Africa and other southern land masses show evidence of glaciations.

Wegener actually died on an expedition to find more evidence for his theory.

His idea was wrong!   This did not come to light until World War II. The United States Navy in efforts to find German U-boats turned up serendipitous evidence. On the Sea floor.
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What you must first understand, that the earth has a magnetic field surrounding it.    

(pg 237-238 text)

What element is famous for being effected by magnetism? ____________________

What rock is most of the ocean floor made from? ____________________
Basalt is highly mafic (Fe)

When basalt is made the iron (Fe) orientates itself with the magnetic field.

In World War II a women was studying the charts from battleships in efforts to find German submarines

But something else stood out, a pattern![image: image24.png]



The diagram to the left represents what appeared.  From the center of the Atlantic a pattern of symmetry was discovered.

It looked like that it started to grow from the middle of the ocean.  This was odd because at the time the center was thought to be the oldest rock.  

 In later years while trying to find new oil reserves under the ocean's surface more interesting evidence was uncovered about the age of the rock at the oceans floor.

The rock near the center was ___________________ in age then the rock found further away. 

 Not only that but,

If samples where compared at equal distances away from the center their ages where ________________________.

With sea floor spreading evidence and Continental Drift theory a new Theory was developed. 

This idea states that the earth’s _____________________ (crust + upper mantle) is broken up into sections called= ___________________________  _________________________
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Plate Tectonics
Key to Major Plates

Open your ESRT to page 5 and label the plates according to the numbers (pg 232 text)

	1.
	5.

	2.
	6.

	3.
	7.

	4.
	8.


Plate Motion- the theory of plate tectonics states that these lithospheric plates are in motion and float or ride on the

 ___________________  (10 ESRT)

Direction of plate movement – the movement and interaction of tectonic plates creates three types of plate boundaries: arrows on the tectonic map (page 5 ESRT) show the relative motion

	Plate Boundaries
	Movement
	Arrows on map

	
	
	

	
	
	

	
	
	


(Text page 240-244)

Types of Plate boundaries  (Text page 240)
A. Divergent Plate Boundaries __________________________________________________________________________________________________________
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Types of divergent Boundaries

1. Ocean (example)-

________________________

________________________

________________________
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2. Continental:


________________________
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________________________


________________________
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(Text page 242-244)

B. Types of Convergent Plate Boundaries:

1. Oceanic- Continental:

_______________________
_______________________
_______________________

2. [image: image41.png]


Oceanic – Oceanic:

_____________________

_____________________

_____________________
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3. Continental-Continental:

____________________

____________________

____________________
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(Text page 241)

Transform Plate Boundaries:

_____________________

_____________________

_____________________

(Text page 234)

________________________= are the driving force beneath the plates

What we do not know = ___________________________, this is one of the gaps in the theory.

Hot _______________ dense material form deep within Earth's mantle rises.  When this material cools near the surface, it becomes ______________ dense and sinks.  The resulting convective flow of this material in the mantle  _________________  lithospheric plates across the surface of Earth.
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All this movement leads to one of nature’s most destructive phenomenon.

EARTHQUAKES!

a. ____________________________ - is a branch of science that studies earthquakes. (Page 271 chapter 15)

b. Earthquake Regions of the Earth.

[image: image48.emf]
C. Causes of Earthquakes – Sudden movement of Earth's crust plate boundaries and faults.

Types of Plate Boundaries



Types of Faults: chapter 16 page 294


__________________Fault

The Force is _______________


__________________Fault 

The Force is _______________


    ______________Fault 

The Force is  ______________

Earthquake Waves

1. Origin and map Location (text page 272)

2. Types of waves (text page 272-273)

Waves that are sent out from the focus have different motion and characteristics

	
	Proper name
	Travel speed
	Characteristics

	P-wave
	
	
	

	S- wave
	
	
	




The instrument that measures and records the earthquake is called a 

___________________________________ . (Text page 274)


Information from a seismograph and the use of the p and s waves can triangulate the position of the epicenter of the quake.

FINDING THE LOCATION OF THE EPICENTER

PLEASE NOTE THIS INFORMAITON IS VERY IMPORTANT IT IS PART OF YOUR LAB PRACTICAL FOR YOUR FINAL EXAM

Step One: Find the time difference between the arrival of the p wave and the arrival of the S wave. 

You need to look at the seismogram and figure and record the arrival of the p wave and the arrival of the s wave the nearest second and find the difference (subtract) (try to be as accurate as possible)

Step Two: Go to page 11 in your ESRT. Where is says travel time with the side (edge) of a piece of paper, Mark off the amount of time on the side of your of the P and S wave travel chart.  Remember to the nearest second.

Take a piece of paper and hold it up vertically to the side of your p and S wave chart on page 11 or your ESRT.  Make a mark at zero (minutes) on the bottom, and then another mark above it at the time (minutes and seconds) that you estimated in step 1.

Step Three:  Placing the time that you marked on the paper between the p and S wave curves

Now take your paper with the time marked off, and keeping it vertical (straight up and down) fit it between the S wave curve and the p wave curve.  The zero mark should right on the p wave curve.

Step Four: Finding the distance from the epicenter

Now that you have the time fit in between the p and S wave curves.  Trace directly down with your eyes from the edge of your paper, right below you should find the distance from the epicenter.  The bottom of the chart goes by .2 and the entire number is then multiplied by 103 . 

 For example 2.4 are really 2.4 x 103 which is 2400.

Step Five: Drawing your circle

Now that you have a distance, use your compass and scale on the map to draw a distance circle from the city that was labeled with the p and s wave  Place the compass along the scale to the desired distance.  Then place the cross hairs or point of the compass to the city and draw a circle around the city.  (Your scale may be smaller than the actual size, you should be able to think of a way to extend your scale or compass accurately.) 

Step 6:Now repeat this procedure for the two other cities

Step 7: Travel time

To find the travel time.  Use the distance from the epicenter you calculated for the city and go to page 11 in the ESRT.  Find the distance at the bottom of the chart.  Go straight up till you come in contact with the P – wave line. Stop.  Now go directly to the left and read the travel time.

Step 8: To find the origin time of the earthquake.

Take your travel time that you calculated in the last step and subtract it from the time on the seismogram when the p wave was first arrived. You found this out way back in step one.  If you do this correct all three of your cities with have the exact same time. If there not do not worry too much, you should be within about ten seconds.  So + or- 10 seconds is still acceptable. 






     [image: image1.png]Y

\’\ / %r. M o .s\..(‘ LY ..-\.... - . REEEEERR prtserness bt A AN A A st i . oA - J—

W 3

A

> ° k “

/ -
L S
‘W“.x!l::.
o .

-

3 . S ! . . ...
§ Yo <o e eee L,.;. T ,w . s Y v b
] | f .
Y
' ,'C‘ - .&\.\I\(b\’\.l‘- ‘

LAY P L3 Pt PO i P et A s O At NP O
000000 . e €0t 8 2 2 e e e et A AR e e i § 8 B 2 A St = et At i

Ny e \
l«...l.c;.qb; M-, .
Sl . o
AN . . . =71

g by s . f . * g d L
3 lii.l\..u‘»M....;i.}t. ﬁ { ..4/;)\1\ ¢ t X . . d e, : M :

PR

3

o
\ s
|
\.
T

et ,__—-F..’-W, PVRURIVITDUIV TR Y
3

..J., w } p
Qy “v " fw ! m.w : /
) N A B

-,

..... P i g -

R ?
.Jlll..ui?p\ll e - m LI R \. o I.\\\. ~....1\..;....5 u
, .f.w ; .,v...\. - / ; { — R.J/.l N vxﬁ\.,\» % N .
. N * - e £ o ;
t HY ; - et A 4 o ‘* m
N Fageres® N , ..\ :......H. s } v_
H .\.\.lull o 8 T,

. e A L £ A : u P
Qf.lllﬁ.»sh\.f\/:‘\ ,\.b -I\-\ v ..a.ﬁ.i“.”).o..uf e, ¢ . M . -
: H

A%
R
&
( -,

i

{
"sl
5,
i
!
—_—
ans
faae TRV
i
H
;
H
i
{
7
1
KGlometers

"
Y
ek
¢
/
J
$
Is
1
.
}
H
F

i
H
4
/
¢
i
f Al IO
1000

§

; .
-~ ety on, { .. ’
sy,

T O S w g e

[
..

¢ 4 e, ; M 2 3
. . / e ) 7 s
PR T, & hCV ¢ x T, "
., My £ "o, Rl
. .. / 7

-“‘WMMWWM.M
I)]
L
k]
L
3
%
pOE
(e,
L

. AN AN
3 . . S % . " .q&.... : . N A,
SRR SR VRN S <A W | 2 zi/r} : >

Kevenraramid -3 - ./l Ny, ~
seonsenamibseannops s .M. R i....t...«a.......é.,.»...f;r?....V_mwmwx
¥l

O e halal peresinaess G R LV N S e





Measuring an Earthquake: page 277 in text

1. ____________________ a scale used to express the strength or energy an earthquake releases by assigning a number from 1 to 10 . Amount of energy; for example, a reading of 3 indicates 10X more energy than a reading of 2, and a 4 is a 100X stronger than a 2.

	Richter Magnitudes
	Earthquake Effects

	Less than 3.5
	Generally not felt, but recorded.

	3.5-5.4
	Often felt, but rarely causes damage.

	Under 6.0
	At most slight damage to well-designed buildings. Can cause major damage to poorly constructed building over sum all regions.

	6.1-6.9
	Can be destructive in areas up to about 100 
kilometers across where people live

	7.0-7.9
	Major earthquake. Can cause serious damage over larger areas.

	8 or greater
	Great earthquake. Can cause serious damage in areas several hundred kilometers across.


2. ______________________ - a scale used to show the damage caused by an earthquake by assigning a number from I to XII

	I. People do not feel any Earth movement 

II.A few people might notice movement if they are at rest and/or on the upper floors of tall buildings. . 

III. Many people indoors feel movement. Hanging objects swing back and forth. People outdoors might not realize that an earthquake is occurring. 

V. Almost everyone feels movement. Sleeping people are awakened. Doors swing open or close. Dishes are broken. Pictures on the wall move. Small objects move or are turned over. Trees might shake. Liquids might spill out of open containers. 

VI. Everyone feels movement. People have trouble walking. Objects fall from shelves. Pictures fall off walls. Furniture moves. Plaster in walls might crack. Trees and bushes shake. Damage is slight in poorly built buildings. No structural damage. 

VIII. Drivers have trouble steering. Houses that are not bolted down might shift on their foundations. Tall structures such as towers and chimneys might twist and fall. Well-built buildings suffer slight damage. Poorly built structures suffer severe damage. Tree branches break. Hillsides might crack if the ground is wet. Water levels in wells might change. 

X. Most buildings and their foundations are destroyed. Some bridges are destroyed. Dams are seriously damaged. Large landslides occur. Water is thrown on the banks of canals, rivers, lakes. The ground cracks in large areas. Railroad tracks are bent slightly. 

XI. Most buildings collapse. Some bridges are destroyed. Large cracks appear in the ground. Underground pipelines are destroyed. Railroad tracks are badly bent. 

XII. Almost everything is destroyed. Objects are thrown into the air. The ground moves in waves or ripples. Large amounts of rock may move. 

As you can see from the list above, rating the Intensity of an earthquake's effects does not require any instrument


Largest earthquakes by magnitude
	 
	Location
	Date UTC
	Magnitude
	Lat.
	Long.
	Reference

	1.
	Chile
	1960 05 22
	9.5
	-38.29
	-73.05
	Kanamori, 1977

	2.
	1964 Great Alaska Earthquake
	1964 03 28
	9.2
	61.02
	-147.65
	Kanamori, 1977

	3.
	Off the West Coast of Northern Sumatra
	2004 12 26
	9.1
	3.30
	95.78
	Park et al., 2005

	4.
	Near the East Coast of Honshu, Japan
	2011 03 11
	9.0
	38.322
	142.369
	PDE

	5.
	Kamchatka
	1952 11 04
	9.0
	52.76
	160.06
	Kanamori, 1977

	6.
	Offshore Maule, Chile
	2010 02 27
	8.8
	-35.846
	-72.719
	PDE

	7.
	Off the Coast of Ecuador
	1906 01 31
	8.8
	1.0
	-81.5
	Kanamori, 1977

	8.
	Rat Islands, Alaska
	1965 02 04
	8.7
	51.21
	178.50
	Kanamori, 1977

	9.
	Northern Sumatra, Indonesia
	2005 03 28
	8.6
	2.08
	97.01
	PDE

	10.
	Assam - Tibet
	1950 08 15
	8.6
	28.5
	96.5
	Kanamori, 1977


Deadliest Earthquakes on Record (50,000 deaths or more)

	Date
	Location
	Deaths
	Magnitude

	Jan. 23, 1556
	Shansi, China
	830,000
	~8

	July 27, 1976
	Tangshan, China
	255,0001
	7.5

	Aug. 9, 1138
	Aleppo, Syria
	230,000
	n.a.

	Dec. 26, 2004
	off west coast of northern Sumatra
	225,000+
	9.0

	Jan. 12, 2010
	Haiti
	222,570
	7.0

	Dec. 22, 8562
	Damghan, Iran
	200,000
	n.a.

	May 22, 1927
	near Xining, Tsinghai, China
	200,000
	7.9

	Dec. 16, 1920
	Gansu, China
	200,000
	7.8

	March 23, 8932
	Ardabil, Iran
	150,000
	n.a.

	Sept. 1, 1923
	Kwanto, Japan
	143,000
	7.9


Earthquake Waves and Earth's Interior: page 281

1. Analysis of seismic waves (p and s waves) has led scientist to infer the interior structure of Earth.

2.  P waves travel through_________________ and ________________. 

2. S waves can only travel through __________ and which means they do not travel through _____________________.

3. Earth's structure/interior is divided into the crust, mantle, outer core and inner core.


42 deg. 39.3 min. N (42.655N), 78 deg. 58.1 min. W ( 78.968W)

These are the coordinates of an earthquake that happen in April of 2008.  
On your computer at home go to Google maps and try to locate where this earthquakes epicenter.

Earthquakes tell us about Earth's Surface movements

____________________ = the depth at which an earthquake originates



Earthquakes also cause other natural disasters: page 215-216 and 271

________________= is a gigantic sea wave


Volcanoes

A. Volcanic Regions on Earthquake

The _________  ____  ___________  is a region of volcanoes that encircle the Pacific Ocean


Causes of Volcanic Activity:

1. Plate Boundaries

a. _____________________

b. _____________________

2. Hot Spots 

______________________

______________________

Types of Volcanoes: chapter 14b page 252

_____________ cone
· nonexclusive eruptions

· built from repeated lava flow

example _____________________

_____________ cone

· explosive eruptions

· built from tephra ( lava is blasted into the air and solidifies as it falls to the ground as ash or cinders)

example ________________

______________ cone

· repeated nonexclusive and explosive eruptions

· built from alternating layers of lava and tephra

· moderate slopes 

example ____________________


Volcanic features: Chapter 14 page 264


1. ____________ large deep intrusions

2. ____________ dome-like intrusion that often pushes rock layers

3. ____________ forms when magma squeezes into vertical cracks in the surrounding rock layers; vertical igneous intrusions 

4. ____________ solid igneous rock core that remains from an extinct volcano after many years of erosion

5.____________ forms when magma squeezes into horizontal cracks in the surrounding rock

6. ____________ steep walled depression at the top of a  volcanic mountain; central vent

7. ____________ Cone shaped mountain built of lava and/or volcanic ash

8-10 km thick


Density _______________





~ 3000 km thick	


Density ______________





~ 2000 km thick	


Density ___________





 ~ 1500km thick


Density ____________
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