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1. The major components of outgassing process
B (69) (EZE: 5)

EREIES T Ban: 5 B{Es: 3 Ei9455: 4.2

2.  Which method can you use to determine the seafloor features, why?

BER (10 53) (EHE: )

ERHIES T BE=5: 10 g5 2 1545 6.8

3. Please list the Five Oceans and at least five seas

BE (59) (EZE: )

EERER ST B55: 5 =5 5 945 5



4. Principles to determine the relative age
BEA (105) (EHE: +)

EEREIESHT B2 10 S{ES: 5 55 9.4

5. Please state the decay product, half-life, determination range, and applications of radiocarbon dating.

BER (15 9) (EHE: +)

EEREIESHT B9 156 S{ES: 5 15945 10.8

6. Typical features of convergent plate boundaries and divergent plate boundaries.

BEE (159) (EZE: )

EEREIEST B85 15 =Ko 8 1945 9.8



7. The behavior of seismic waves within Earth's interior.

BER (30 3) (EZE: M)

ERHIEST Bao: 25 =55 10 SEH945 16.2
[Fotrai)

8. How could you distinguish reverse fault and normal fault?

BER (10 2) (EHE: )

EREIRS 554 10 B2Es: 7 145 9.2



Continental Drift & Sea-Floor Spreading
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I. Continental Drift
Proposed by Alfred Wegener ~1912

Evidences:
1)Outlines of continents fit very well together

Q« y Animated photo
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Super-continent before ~ 200 million ago: Pangaea
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3) Similar fossils across continents when
they are fit together

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Evidence:

4) Similar paleo-climate _ A
condition when | = .
continents are fit \\ A t
together

b glacial boundary

Late Paleozoic
glacial deposits

w Direction of
™~ glacier motion
(a)
Late Paleozoic
glacial boundary
= 7 Late Paleozoic
glacial deposits
w.  Direction of
~~ glacier motion
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(b)
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Equator

Pangea: supercontient at ~ 225 million ago



PERMIAN TRIASSIC
225 million years ago 200 million years ago

JURASSIC CRETACEOUS
150 million years ago 65 million years ago

PRESENT DAY



Mechanical problem

: both continental crust
and ocean crust are brittle

Continents can’t drift over
ocean crust without
breaking into small pieces
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SEA-FLOOR SPREADING
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I1. Sea-Floor Spreading
(~1962 by Adm. Harry H. Hess)

-- sea-floor 1s NOT permanent
-- created at mid-ocean ridge (MOR) and
spreads away from MOR; then recycled

-- cause by thermal convection of mantle

Rift valley on '

ridge crest
/

Trench Trench
/
Hot
= mantie
Cold g Cold

mantle mantie

sinking Core sinking
A




Hess calculated the spreading rate: ~ 2.5 cm/year across the
Mid-Atlantic Ridge

If correct, the whole Atlantic Ocean floor would be created in
~ 180 million years ago



Seafloor Spreading
Vine-Matthews’ interpretations

Symmetrical magnetic pattern about the ridge crest
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Geomagnetism- Earth’s magnetic field
: causes by thermal convection 1n liquid outer core

North geographic
rotational pole
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Compass needles // magnetic lines of force

. North geographic i North magnetic

_ horlzontal at rotational pole
equator /,/ """""""" \
-- vertical at the AT . ‘s AN

geomagnetic poles Q PO G*‘;g%;ﬁg?‘)@
-- angle of magnetic Voo
inclination reflects N g
magnetic latitude S

© 2006 Brooks/Cole - Thomson



Paleomagnetism:
magnetic field of the
Earth in the PAST
preserved by magnetic
minerals 1n rocks

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Direction of Earth’s
/ magnetic field
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magnetic pole
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A Rock near north B Rock near equatorin C Rock in Southern
magnetic pole Northern Hemisphere Hemisphere

“Magnetic inclination”
or “Magnetic dip”



de-magnetization




Paleomagnetism study on the locations of
the earth's poles

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

Permian lava flows in North America
point to an apparent pole N
position here

North
America

Pacific Ocean

Australia '599610 .



Apparent Polar Wander
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True Polar Wander
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Magnetic reversals: periodic changes in
the polarity of the earth's magnetic field

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Present orientation of Earth’s
magnetic field

Lava flows
> showing

reverse
magnetism
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(a) Normal polarity

(b) Reversed polarity
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Magnetic anomalies of ocean rocks

Patterns of alternating stripes of above-average &
below average magnetism around ridge crest
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-- can be used to determine the age of the ocean floor
(age: 0 to ~200 my)
-- age of the sea floor become older toward the trench
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-- can calculate spreading rate

Sea-floor spreading rate: a few cm/year

Himt vaney
at ridge crest

1em/yr ~\ -y 1 cm/yr

Spreading Rate
= Distance/Age
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Magnometer
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Magnetic reversal
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Plate Tectonics
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N

Copyright © The McGraw-Hill Cor
&

Permission required for reproduction or display.
. X e

B

- hp P b 8 2 7 ¢ ; 4 A ; ot
pr— ' I ’a AT

From World Ocean Floor by Bruce C. Heezen and Marie Tharp, 1977. Efopyrighl © MarieTharp 1977 Reproduced by permission of Marie
Tharp, 1 Washington Ave., South Nyack, NY 10960



Plate Tectonics

Tectonics: from Greek "tekton" --> "builder"

Plates: large, rigid, mobile segments of the lithosphere

Plate Tectonics: study the movement & deformation

of tectonic plates

ENCES

"~ Continental crust
= — S ~=7Qkm+thick ~SZ-_-
Yo INT Gkmfsec N 7 e

- lithosphere moving horizontally over the asthenosphere

.

Lithosphere

Upper mantle
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Types of Plate Boundaries




Plate Boundaries:
Convergent, Divergent, and
Transform Boundaries



1) Divergent plate boundaries
. 2 plates move apart from each other

tensional forces; normal faults
e.g., Mid-ocean ridge (spreading center)

A

Island arc i ic ri
Mid-oceanic ridge
(andesitic \.ﬁlcanoes) Oceat/\ic trench | Rift valley
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N, o ....'.
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Divergent plate boundaries

Continental Rift a) Rifting stage

Normal faults e.g., East African Rift Valley
Breaking up of a continent

Thinning of continental crust

R ST

— — 4 o 7 “Ethiopian.
Continental | : | g v o i g Rift .
crust g, ccn il : 7

A Continent undergoes extension. The crust is thinned and
arift valley forms.
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Continental rift

e.g.,
Basin and Range

(graben & horst)

Upwelling asthenosphere
Pressure release melting



Continental rift valley
e.g., Shanxi Graben
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Divergent plate boundaries

Continental Rift
b) small sea stage: e.g., Red Sea

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display. Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Rift

Lava (basalt) eruptions

s 4yRift valiey ,
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Photo by Jeff Schmaltz, MODIS Rapid Response Team, NASA/GSFC

C Continental sediments blanket the subsiding margins to form continental shelves. (http://visibleearth.nasa.gov/)
The ocean widens and a mid-oceanic ridge develops, as in the Atlantic Ocean.



Divergent plate boundaries

Continental Rift

(¢) Mid-ocean Ridge as a spreading center

e.g., Atlantic Ocean

B e I

From World Ocean Floor by Bruce C. Heezen and Marie Tharp, 1977 &opyright © MarieTharp 1977. Reproduced by permission of Marie
Tharp, 1 Washington Ave., South Nyack, NY 10960
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Rift
valley u (basalt) egfptions.

Continental
crust

A Continent undergoes extension. The crust is thinned and
arift valley forms.

bi::ll: Narrow sea

b

B Continent tears in two. Continent edges are faulted and uplifted.
Basalt eruptions form oceanic crust.

C Continental sedi blanket the subsiding margins to form

The ocean widens and a mid-oceanic ridge dovelops as in the Atlantic Ocoan ( )



Types of Plate Boundaries
2) Convergent Plate Boundary

. two plates move
toward each other
(compressive forces)

*Recycling of
lithosphere
‘reverse & thrust
faults







Ocean-Continent Convergence (Subduction Zones)
-- down-going slab = oceanic lithosphere

-- deep trench on the ocean side

-- magmatic arc on the continent side

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Trench arc thrust belt




-- forarc basin
-- backarc thrust belt
-- sedimentary basin inland

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Trench arc thrust belt




e.g.,
Cascade Range

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display
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Mountain belt
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arc thrust belt

Oceanic
crust

Upper-mantle lithosphere
Asthenosphere

100-km depth
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Convergent Plate Boundary

Ocean - Ocean Convergence (Subduction Zones)
-- down-going slab = older oceanic lithosphere

-- deep trench;island arcs; forearc basin & backarc basin

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Motion at convergent boundaries

) Earthquake
‘ Volcanoes




e.g., Western Pacific
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Many major mountain belts near subduction zones

e.g., Cordillera mountain belt
. largest mountain belt in N. America

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Convergent Plate Boundary
Continent - Continent Convergence

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction’or display.
Trench Accretionary wedge (fine-grained

Ocean becomes narrower sediments scraped off oceanic crust)

A Ocean-continent convergence

Young mountain belt
(Himalaya) Tibetan plelnteau (Asia)
|

1 LA 1

Foreland
basin

(India)

n Surfaoe vecal Ie exaggerated 8x)

Mountain Delt In the interior of a continent
Suture zone marks the old boundary



Young mountain belt
(Hm.lhy‘) Tibetan phltoau (Asia)

B Continent-continent collision (Surface vertical scale exaggerated 8x)

-- thrust belts and basins occur on both sides
of the original magmatic arc

-- old magmatic arc become inactive
-- crustal shortening & thickening

-- granite intrusion & intense metamorphism



e.g., collision of India & Eurasia( ~ 40-45 m.y. ago)
-- building of the Himalaya

-- uplift of the Tibetan plateau
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Types of Plate Boundaries

3) Transform plate boundaries
. 2 plates slide past each other

-- no creation or destruction of lithosphere

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Rift valley Transform boundary (and faul)

-- strike-slip fault




Types of Plate Boundaries

Transform fault boundary
e.g.,

Siqueiros and Clipperton
Transform faults along
East Pacific Rise
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e.g.,

San Andreas Fault
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fracture zone
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Driving force of plate tectonics




Video: Plate Tectonics: An Introduction



http://www.teachersdomain.org/resource/ess05.sci.ess.earthsys.plateintro/

Features on Ocean Floor & Continental Margins
- Tectonic Perspective
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Mid-Ocean Ridges

Divergent plate boundary
Tensional forces

Normal faults

Shallow earthquakes
Spreading center

Undersea volcanic eruptions
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Rift Valley at Mid-Ocean Ridges

———— COX TRANSFORM FAULT

- RIFT VALLEY
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Mid-Atlantic Ridge- slow spreading rate fault scarps

axial trough

East Pacific Rise - fast spreading rate
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Continental Margins
1) Active Continental Margins

Continental shelf, Continental slope, Ocean trench




Oceanic Trenches in the Pacific Ocean
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Active Continental Margin

Continental ,75,; :
Trench volcanic arc &

. ,_"3“
Oceanic
crust <

Convergent plate boundary
Ocean-Continent convergence (subduction zone)
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Lithosphere

Convergent plate boundary
Ocean-Ocean convergence
(subduction zone)

Subducting plate

(b)

Copyright © 2005 Pearson Prentice Hall, Inc.
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Volcanic island arcs (near trenches)

Bering Sea
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e.g., Aleutian island chain
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Continental Margins

2) Passive Continental Margins

Continental shelf, Continental slope, Continental rise

i‘ Continental margin ;i

TASA Graphic Arts, 2002



a) Continental rift

Rift

Seawater

¢c)MOR & Passive

Continental shelf

Continental margin At vlley

Continental rise

Sea level



http://media.pearsoncmg.com/bc/bc_0media_geo/interactiveanimations/020_DivergBound_SP_GL_Stu.html?te10

Passive continental margins

Continental _ Ocean Continental
~margin Ocean basin floor 7 Mid-ocean ridge basin floor margin
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Atlantic Ocean Floor and Passive Continental Margins




Pacific Ocean Floor and Active continental margins
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Plates can change In size

e.g.,
N. America plate: growing in size

Nazca plate: getting smaller
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50 million Years in Future
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http://www.dailymotion.com/video/x8266a_650-million-years-in-1-20-min_tech

Wilson Cycle of Ocean Basins
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Ocean Closing/ Continent Assembly

|:| Sediment

B oceanic Crust
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B mantle Lithosphere
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1. Typical features of Ocean-Ocean convergence

2. The pros and cons of continental drift

3. If you were Alfred Wegener who was trying to
persuade people to believe continental drift, where would
you go to find evidence, and what phenomenon would you

expect to find?



e Homework:

e Please describe the mechanisms
(hypotheses), characteristics, and typical
fields of Oceanic crust obduction.



