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Data Table

Location Richter Magnitude Year
San Francisco, United States 7.8 1906
Messina, ltaly 7.5 1908
Tokyo, Japan 8.3 1923
San Francisco, United States 7.1 1989




Data Table

Depth Below Number of
Surface Earthquakes
(km)
0-33 27,788
34-100 17,585
101-300 7,329
301-700 3,167
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Plattsburgh, New York
Earthquake on April 20, 2002
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Seismic P-Wave S-Wave Difference in Distance to
Station Arrival Time Arrival Time Arrival Times Epicenter
A 08:48:20 No S-waves arrived
B 08:42:00 00:04:40
C 08:39:20 00:02:40
D 08:45:40 6,200 km




it e
\ &

cat

TR

= ] ¥ _:\_\“t\\‘
P AR S 0

: \
k\\) ‘&‘x&» 40°
R S




Before Earthquake

Direction of flow —>»

®

Streambed /

After Earthquake

New position
of streambed

Direction of flow —>

Original position
® of streambed




East African Rift Region

5 rg

Arabian

African 4

Plate

-y ‘;Q Mid-Indian
Ridge
Kt 7
Ny Indian
LI\ Ocean
Vi
\




East African Rift System

Indian Ocean




African Plate

(V4 East 2
I African \ ?,0
T Rift | &
\ ®
W
W
\

Key

/\ A mountains




Map of Drilling Sites

|
—~0

e
we

00

South

America

e !
Pacific Ocean
/

| // 20° S
| | |, | | | |
140°W 120°W 100°W 80°W




[
o
o
—

ssey Aq juaodiad

o

wnuiwn|y

uool|IS

uabAxQ

Element



Aluminum

Iron

Calcium
Sodium
Magnesium
Potassium
Oxygen Other




= ..:-. -_,'Con't‘in_'er?t_'"

oclol wToloalslolol =

"p'E"F'a'HT I Ty




Station C
[ ]







80° E 90° E 100° E 1M0°E | 120°E
20° N—: Asia ///Z / @/N : 20° N
. / O |
. > /F Pondi(cherry, \ h JO gm‘iz
i o India T
10° N A\ { 3 J —10° N
-\%g B } \ Epicente . d @@
: Phuket, Thailand %{
_ i \/ /@/\1\ Q
0°] < \ \\\ gj [ e
. , Q e
] N S B
! \ . - Bengkulu, Sumatra ——t
] \ \ \é’ \ Indian Ocean ) - < aeSe o
10° ] /500 \ \ &bﬁ /__100 s
g O 4 T F
- (_
i \ \_// f B
_\ \ 3 [
20° 5. y hOu,.s — 7 }20° S
] \ / Australia [
LI LI LI LI LI LI LI L | L | LI
80° E 90° E 100° E 110° E 120° E
N
(') 1o|oo 20'00 km

Isoline interval = 0.5 hours T



18|0°W 1|72°W 16|4°W 15|6°W 14|8°W 14|O°W 13}2°W 12|4°W

68° N- L Arctic| Ocean ’ ,»
Nl
Y A

64° N-

60° N

56° N

Pacific Ocean

0 200 400 600 800 km






South

North






% f.//
LA
R
//j /,//
N
05
L))
et s







Map of Volcanic Features

North
America

Suiko \
® Seamount

Midway  Nihoa
Necker Kauai

Kilauea

Pacific Ocean

- 600

— 40°

- 20°

T T T T T T
120° 140° 160° 180° 160° 140° 120°

00
100°



Aleutian trench

less than 1.0

q{) \ Hawaii

0.8-present”

&Q Maui

*Age, in millions of years






8 million
years old

Plate motion

—

Asthenosphere

Magma

from hot spot



o
North American £ 2 Eurasian
Plate z b? Plate
; -

A

Atlantic Ocean




Crust Rigid mantle Lithosphere

(Not drawn to scale)



North American
Plate

Portland
o



http://explorezone.com

7

Explorer

Ridge

Pacific
Ocean

Nootka
Fracture
Zone

JUAN DE FUCA
PLATE

Mendocino
Fracture Zone

0 200 mi



Volcanic Island of Krakatau

Part of Krakatau Island \
destroyed in 1883

(
\
Ve
Krakatau

Island
today




123°W 121° W 119° W 117°W 115° W 113°W
38° N [N T T T I T T Ay Ty By 38° N
4 NeOakland AN I =
_ NeEvapa | UTAH
37° N — . . — 37° N
N\ I
] CALFORNIA | i
36° N — N\ / [ 36°N
| N o
®Bakersfield N i
35° N — AN — 35° N
\% ARIZONA
34° N — ®Northrid \ — 34° N
ge =
] ( i
33° N / L 33° N
. eSan Diego ) i
A —Zo\Yuma .
32°N N B N Y N N N Y B R N Y R Y N R B B 32°N
123° W 121° W 119° W 117°W 115° W 113° W



—_
IS

-
N

—
o

Density (g/cm3)

o N A~ O

A

&

W

Layer

X
©o
O

A

)
& @
& &
N




Basaltic melt rises through
rift and forms new crust

Basaltic oceanic crust

Transform fault offset

Lithosphere
(crust and hard mantle)



Continental Oceanic
crust crtdst

Sea level

Lithosphere

(Not drawn to scale)



Mantle

Earthquake
epicenter

(Not drawn to scale)



/ S

Mercury‘ yﬂars






Depth (km)
0 1000 2000 3000 4000 5000 6000
| | | | | | |

Inner
core

Outer core

Mantle

Crust




(wy|) [9Ae eas mojeg yideq

km)

(

Width



‘Oceanic crust

Mid-Atlantic Ridge

A A S

Oceanic crust

Mantle

Key

Magnetic Polarity of the Bedrock

* Normal

v Reversed




Atlantic Ocean

X
americal i Y Eur,
North

3ISian Plat
Rigid mantle > ——

Stiffer mantle

Asthenosphere







120°W 100°W 80°W 60°W 40°W 20°W 0 20°E 40°E

=0 < =
e O
5 ) yﬁ?\«ﬂ
Amelioa T / gﬁﬁg&ﬁ
(ﬂ’\\ . I/ [ Y.f/ ,_’Kf@
@1%‘ \ Africal
e ~

ml

South
America

/ A Be

i
> W

gg‘ Mid-Atlantic
S Ridge
|

120°W 100°W 80°W 60°W 40°W 20°W 0 20°E 40°E

()

(




Mid-Atlantic Ridge

Atlanti QOcean

Y

Asthenosphere







Coastal mountains Mid-ocean ridge
Continent /

ﬂt_ \\\\ // / _—Oceanic crust



ag

South Atlantic




Earthquake Intensity Modified Mercalli Intensity Scale

with Modified Mercalli Scale

I: Not felt except under unusual conditions

_ Felt by only a few persons
" Suspended objects might swing

Ill: Quite noticeable indoors

IV: Dishes and windows rattle

V- Felt by nearly everyone
" Some dishes and windows break

VI Furniture moves
" Some plaster falls

VII: Everybody runs outdoors

Epicenter Some chimneys break

Atlantic . Chimneys, smokestacks, and walls fall
VI , .
Ocean Heavy furniture is overturned

. Buildings shift off foundations
IX:
Ground cracks

X: Most ordinary structures are destroyed
L R S R S " Landslides are common

0 500 1000 km Few structures remain standing

XI: Bridges are destroyed
Broad cracks form in the ground

XII: Damage is total
" Objects are thrown upward into the air




Modified Mercalli Intensity Scale

Very strong: noticed by people in autos

I Instrumental: detected only by instruments Vi :
Damage to poor construction
Destructive: chimneys fall, much damage in
Il | Very feeble: noticed only by people at rest VIl [substantial buildings, heavy furniture
overturned
Slight: felt by people at rest Ruinous: great damage to substantial
i Like passing of a truck X |structures
Ground cracked, pipes broken
Moderate: generally perceptible by people
IV |in motion X |Disastrous: many buildings destroyed
Loose objects disturbed
Rather strong: dishes broken, bells rung,
V | pendulum clocks stopped XI | Very disastrous: few structures left standing
People awakened
VI Strong: felt by all, some people frightened XIl | Catastrophic: total destruction

Damage slight, some plaster cracked
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Data Table

L P-Wave S-Wave Difference in Distance to
SSelsmlc Arrival Time Arrival Time Arrival Times Epicenter
tation (h:min:s) (h:min:s) (h:min:s) (km)
w 10:50:00 no S-waves arrived
X 10:42:00 10:46:40
Y 10:39:20 00:02:40
Z 10:45:40 6200
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Seismogram of an Earthquake

—30 £
P-wave S-wave = 3EE
arrival arrival = £oc
=20 T3y
= 338
= 10 589
= 583
Fo =
Baseline
61
seconds
500 7
400- - —100
6 -5
300 i 0
5 —20
200 - 10
4- -5
100 _
60 3 -2
40 - 1
2 —0.5
20 1 —0.2
5 I —0.1
0- .
- Height of largest
Richter
0 magnitude S-wave (mm)
Distance to
epicenter

(km)



Example of a Seismogram of an Earthquake
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Age of Rocks on the Sea Bottom Relative to Ridges

Mid-ocean ridges
eee oo eeee 10 million years old

® ® @ @@ 9 40 million years old
Wememew ¢ 50 million years old
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Earthquake focus
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Cross section I
Tectonic setting before the earthquake occurred
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Cross section 11

Chain reaction caused by tectonic plate motion
and the resulting movement of the seafloor
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Cross section III

As the tsunami moves into shallow waters and
approaches land, the trough reaches land before
the first wave crest hits land.
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Yellowstone Volcanic Calderas
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