Chapter 1

The Changing Planet:
Earth as a System

Introduction

Plate tectonics
Plate tectonics 25

An Introduction to Plate Tectonics

Plate Tectonics
30

PT

( 1.7)

Climate and the Hydrologic Cycle

Climate Dynamics

60° -

( 1.6)

cell

)

Plate Tectonics

PT

10cm/yr

7cm/yr

( 1.8)
2cm/yr

150Ma



The Earth as a System

/
(Focus 1.1)
1.8)
o CO2
( 1.19 )
Understanding Earth: The Question of Scale
400,000km
100 (91m) 1.20
10-10m 10-14m
1.19
/
Geologic Time: An Important Perspective
455 30
o The Present Is the Key to the Past.
200 9000m 2cm/yr

A Process Approaches to Physical Geology

Focus Box

40 km

—

5-10mm/yr

15

1.21



Chapter 1

plate tectonics
crust

mantle

core

lithosphere
asthenosphere
plates

divergent margins
convergent margins
transform margins
spreading ridge
subduction zones
hydrosphere

Chapter 5

atmosphere
hydrologic cycle
groundwater
biosphere
weathering
erosion

rain shadow
greenhouse gases
sediments
uniformitarianism
unconformities
geophysics
model

Earth Processes: Physical Principles.

Introduction

Seismic Waves

Density
( 5.2)
2g/cm3
Elasticity
(
) ( 5.3)

Seismic P and S Waves P

S

—

6371km

2.7g/cm3

(Olivine:

(Mg,Fe)SiOg) - 410km -

13km

( 5.1)

- 660km -

4%



S
P S ( )
P S ( 5.5)
v Focus on 5.1
(K p /3) ¥ -Vp 1.7Vs Vs 0.9
P S

Velocity Variation within Earth
Travel-Time Curves

(Direct ray)

( ) ()
( 5.8a) ( 5.8b)
o ( 5.9c
)
( )
Travel Time within Earth
20 H. Jefferys K. Bullen
Normal Mode
54
20
10cm
Velocity Variations in the Crust
7 24km 40
70km
P 6.5km/sec 8km/sec

5.12

Velocity Variation in the Mantle
© 100km 200km



410km 660km

Seismic Velocity Variation in the Core
P 40% -P CMB(
S d S —

Seismic Tomography

CT-scan X
5.14b
/ /
Gravity and Isostasy
Gravity
0.5%
w=mg Ww: m: g:
gal=0.01m/set
10mgal

( 20mgal/1km )

Free-Air Gravity

Bouguer Gravity

( 5.18)
5.20

Gravity Anomalies

Isostasy
19

CMB

w/g
9.8m/sec?

0.1%

mgal

1/70



Focus 5.2

/
Plate Flexure
100km 10km
10km
Geomagnetism
570 ( )—23km
The Geodynamo ( )
5.25
Changes in Earth's Magnetic Field
1400 1860
5.26
IGRF ( 5.27)
30% 5.28 10km/yr
Paleomagnetism
( )
Chapter 5
phase transitions tension
elasticity compression
inelasticity strain
plasticity elastic modulus

stress seismometer

70%



seismogram

P wave

S wave

body wave
surface wave
direct ray
refraction
travel-time curve
reflection

normal mode
Moho
low-velocity zone
gravimeter

Chapter 7

Plate Tectonics

Introduction

free-air gravity maps

P geoid
S Bouguer gravity maps
isostasy

isostatic equilibrium
magnetic north
declination
inclination

Curie point
geodynamo

blocking temperature
paleomagnetism

/
Continental Drift: The Beginning of the Idea.
1620
20
20 Taylor Wegener Taylor
Jefferies
Wegener ( & ) Continental Drift ( )
1910 Wegener 1915 “ "
7.2b Wegener
1937 Du Toit “ Our Wandering
Continents”
Wegener's Theory
( 7.2 ( 7.3

300 250Ma(Ma=

Problems with Continental Drift
o Continental Shapes
1950

914m
o Continental Movement

)

( 6.7)
(  200m )
( 7.4)



( ) ¢ )

o Other Inexplicable Phenomena

o Mantle Convection

1920
)

Geosyncline and Mountain Building
"New Global Tectonics" (

o Problems with the Theory
20

o Ocean Floor Study
1950

Plate Tectonics: A Unifying Theory
The Ocean Bottom and Sea-Floor Spreading

20 ~SLBM (

Paleomagnetism and Polar Wandering
5

(APWC)

Paleomagnetism and Sea-Floor Spreading

1950 Cox Dalrymple
Hawaii
Dalrymple K-Ar Cox
( 7.6) (
20
1963
1963 Vine & Matthews
)
1963 Hess

( 7.7a)Cox & Dalrymple

APWC

5Ma

( 7.7b) Vine &eMatt



( 7.8)

/

/
/ 0.5

Hutton

( 7.11)

130Ma 250Ma

=130Ma

/
The Rock Record: Fossils, Climate and Continents
7.5 4
4 25 3
3
Earth's Climate
& ( 7.9
Pangaea: Reconstruction of the Lost Continent
1960
7.10
O
( )
7.10 &
o Flood Basalts and Continental Rifting
( )
Parana FB Etendeka FB
FB = /
=60Ma
o Mantle Plume
Plates and Plate Boundaries
( = / = / =
)
9&10

Defining Boundaries and Continents

=Active continental margin (

=Passive continental margin (

8 (EU,AF,IN,NA,SA,AN,PA,NZ)

)

/

=180Ma



Rates of Plate Movement
0.1 10cm/yr / GPS
2cm/yr

Triple Junctions

R: T: F: RRR, FFF RTT

RRR (

A Plate-Tectonic Link to Earthquakes and Volcanoes

“ ” “ ”

1971 & 1994 LA

1700

Plumes and Hot Spot Trails

7.1b
& & (K-Ar

0 2432km 27.2Ma
( 7.14a)

Topography of the Lithosphere

—

= &

3800m+840m

VS

What Drives Plate Motions?

TF=

8.8cm/yr

1906

43Ma

( 7.6)



Mechanics of Slab Pull

410km 660km

Research on Extension and Compression
/ ( 8

) =

Plumes, Subducted Slabs, and the Workings of Plate Tectonics

= = & =
660km -
(CMB)
CMB
CMB CMB /
660km
Plate Motions through Geologic Time
5 4.5
(Focus 7.4)

450Ma 500Ma



Ocean Basin Depths and Satellite Altimetry

ERS-1 Geosat /

1kHz 1.5

( )

RRR 120
Chapter 7
continental drift mantle plumes ( )
Pangaea hot spots
geosyncline active continental margin
sea-floor spreading passive continental margin
apparent polar wander curve triple junction ( )
flood basalts aseismic creep

Chapter 8

Deformation, Earthquakes,
and Formation of Geologic Structure

p.223
Earthquakes
700km
15km
8.12
Earthquakes at Plate Margins 8.13
100km 15km
1000km 10m
8.12
700km
1811 /1886

Measuring Earthquakes
8.14

Earthquake Locations



P-S D=kT (D: T: =P-S
k=vpvs/(Vp-vg)=6 8km/s)

( 8.15)
Earthquake Size
= 100km
1897 M=8.8 M 1 10
100 M=6.5
M=3 )
- 8.16
1906
6m NA-PA 0.05m/yr 120 21
- ( )
0.03% M 1 or
(1989) M7.1 50km (1906) M8.2 400km
= X X
Focus 8.1
( )
0 3km/s
m/s 5cm/yr
Foreshocks and Aftershocks
(Focus 8.2)
M=6 6% 6
M 1 1/t -
M=6
Earthquake Motions
( 8.17a-d) NW
SE
P
90 S
P +/-
( 8.17)
( 8.18)

8.19

Plate Motions and Earthquakes
Measurements of Past Plate Motions

=5cm/yr =10m 200



136

(

( NUVEL)

8.20 LA
M=8 1857
SA 5Ma 250km

Geodesy and Measurements of Present-Day Plate Motions

8.22

VLBI GPS VLBI
2

GPS( ) 24

8.24a VLBI, GPS

8.24b
8.12

NUVEL

Strain Measurements: Strainmeters and Tiltmeters

8.26a
2 =

Interferometric Synthetic Aperture

8.27
8.28 LA Lander
2.8m

Chapter 8

elastic limit
ductile

brittle deformation
plastic deformation
faults

folds

décollement
brittle-ductile transition
joints

sheeting
exfoliations

fault plane
hanging wall

8.21
2
2
8.23
VLBI
2
cm/yr
Radar (InSAR)
or
0
2cm cm mm

1 2.8cm(5cm?)

footwall
throw (
heave (
strike
normal fault
graben
reverse fault
- thrust fault
ramp
strike-slip fault
right-lateral fault
left-lateral fault
oblique slip

8.25

1500

=5cm/yr

100



fault scarp
listric fault
anticline
syncline
monocline
hinge

axis

limb

nappe
focus
hypocenter

Chapter 15

epicenter

elastic rebound

magnitude

Richter magnitude scale
Modified Mercalli Intensity Scale

moment ( )

fault creep ( )
fault-plane solutions

earthquake cycle

volcano deformation cycle

15

Geologic Hazards and the Environment

p.433

Earthquakes: Where the Dangers Are

15.1

-1976

Earthquake Strength
o Mercalli Intensity
15.1

M7.6

0-1-2-3-4-5 -5 -6

( 15.2)

Focus

N 1881/82 New Madrid/Missouri

— —

1556 80

-6 -7 10

http://www.kishou.go.jp/know/shindo/shindokai.htmi

o Correlation of Mercalli

15.1

Effect and Richter

Building Failure in Earthquakes

x 0.1

1985
15.3b

km

100

Magnitude

(Focus15.1 3)

15.3a

10 (0.1H2)

3km/s 18km 6 400km 133



10

1906 3

Effects of Geology on Building Survival

1989

Liguefaction

154
1995 1 17 3m

15.5

Effects of Construction Techniques and Materials on Building Su

1988 25000
62

Tsunami

20m

km
1960 15.6
- 1964 1000kmx 250km
10m
800km/h

Chapter 15

isoseismal greenhouse effect
resonance ozone

liquefaction

tsunami

troposphere

startosphere

landslide

sinkhole

acid rain



