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Continental Drift (X kiZ4%)
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Continental Drift (X KkiZ4%)

PACIFIC
PLATE

B T1%; Fhd: 29%
100 km & E %: BUERAD; ADFE = IxFHADEE
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Continental Drift (k&% 52354.)

Abraham Ortelius
(AR F « BAFHIHT)(1564)

Typus Orbis Terrarum

Alfred Wegener
(FT R 3 & 1& « 484644 )(1915)
The Origin of Continents and Oceans,

Courier Dover Publications, ISBN 0-486-
61708-4

J.BESSE
1995

The continents are moving, along with the sea floor, at about
2 inchesl/year (5 cm/yr).
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Continental Drift (KEkE#F35) - £
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Continental Drift (K& S ) - £
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Continental Drift (K& 5 ) - iE3E
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Plate tectonics Theory (&3 #)i&£)

6RMI: K-FHFEMR; BRI, FPAEFERIR; JEMKRR; £MMK; &
MM psr— $ha s ( 1968 )

o XMBRIIEFE BRRET ZE, T ARBEFHNZF,

o —RBLK, WA HTILEBEALAR, RESHRRZAHIRL,
RAT IR EN A, R TARR .

c BREEHHRELIER, RHBEAATEH MR LGB AR RKE
M. EMRKENGX, FHRAESA EFE, RIFEXES,
K 3L A IXAETS AR Y o
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Coastal Morphodynamics

Plate tectonics Theory (&3 #)i&£)
6RMIR: K-FEFEMIBR; REMK; FPEFMK; JEMRKR; EMIRR; §
WM - Sk (1968 )

o BEHRAABHFENGRE, FHARLK. ¥ KFERRF KEHRRATRE
B, KFERREAFZEKR, LERIK, BIFFTEXEHRRZT, XE
A RER, RABFREGT ; KEHRETH LB, B
Bikfeig B LBk, K-FEBIFGRENHINE, AKX FHFRE
5 2 BR AR S AR FEAS AR B9
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Pacific Rim of Volcanic Zone (Spreading)

Crustal Plate Boundaries s , ", .
i 4 Coastlines, Political Boundaries

(5 x 2 cm/yr) x (1x108yr) = 10°cm = 10%*km = a quarter of earth circumference
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Seafloor Spreading (#& &4~ 7K 5 %,
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Plate Tectonics

e Earth's Crust
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Lithosphere
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Mountain Building

Himalayas is created by collision of Indian continent to
Asian continent, even till now.

88 MILLION YEARS AGO
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Earthquake and Tsunami

The generation of the 2011 Tohoku tsunami in Japan
collision between N.A. plate and P. plate,10 cm/y
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Geological Age B 5 A £
millions millions millians
of years ERA of years |EON| ERA PERIOD of years PERIOD EPOCH
Rl - o 0 £ Neogene '%Eé& J Cuaternary *H%Mn;gn
The age of earth f Repti (gjlh—g S Pliocene
500 - .
~ 4.5 billion years . Bird 10 3 x
] Cretaceous |[: - )
1000 7 Dinosaul : 3 Miocene
1 (230-65) |} ;
48 Jurassic 20 1
1500 - E 200 B
The eldest stone 1% wiassic | :
12 ] 3
wha 2000 - a ] Oligocene
. T
~ 4.4 billion years . 1€
2500 o Carboniferous| = 2
E a0 é @
K/T impact s E’ Eocene
14 1 | €
Asteroid (/MTE)? 3500 50 -
Volcano? . : Age of Mammals (T)
Dinosaur extinction | 4400 3 E
E § ﬁl]é Paleacene
2019/5/8 as00 1= g5 3
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If assuming the age of earth as one year, age of human
being is only half hour.
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Classification of Coasts " ... &
Early Coastal Classification x / \mmce . \
, |

| |
(1) Effect of recent changes in sea level ;\ ion — Cy—higiilia-- 3 )
(2) Effect of erosional and depositional processes \ " /’ £
2% \>/ WTM P /
AN v
Johnson (1919), Cotton (1952) -- Type (1) &?‘% bmerging oot pY:
* Rising sea level — submergence coasts %’\\ o

» Falling sea level — emergence coasts

* No change - Neutral coasts _
Valentin (1952)

Shepard (1963), Valentin (1952) -- Combination of Types (1) and (2)
« Primary coasts (shaped by terrestrial agencies(FfiHh[A 1))
« Secondary coasts (shaped by marine agencies(i ¥ X 1))

Others, Putnam et al. (1960)
» Detailed description for relatively short segments of coast
« Mountains, hills, plateaus, destructional and constructional plains
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Classification of Coasts

« Komar (1998) 1R 3% i /& < [ 3 5 i 35 VE R mx 69 3
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Inman & Nordstrom (1971) Theory - 7. Geology, 79, 1-21

« Considered continental margins and devised a classification
based on a tectonic framework (after plate tectonic theory
in 1960s)

» Associated with the large solid portions of the earth’s crust
and upper mantle (tectosphere) #Ji€ B
WRBHF A S G BRIREZFF AT E

« Two types of classification: Tectonic (# %) and

morphologic (# &)
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Inman & Nordstrom (1971) Theory - 7. Geology, 79, 1-21

Plate Tectonics

« Boundary: mid-ocean ridges, oceans trenches, transform faults, mountain ranges
« Oceanic crust is generated from spreading centers (mid-ocean ridges)
« <1 cmlyr, Mid-Atlantic Ridge
« ~10 cml/yr, Pacific Antarctic Ridge
« Volcanic islands near spreading center
« Sinking of surrounding sea floor (1 cm/ 100 yr for the first 10 Ma; 1/3 rate for
the next 30 Ma.) - Pacific Basin: 100 Ma (7 JJ4)~4000m
« QOcean trenches are zones of collision where crustal material is consumed
 The earth’s crust is quite different under the oceans from that on land
« Continental plates are less dense than (thus, ride on) the oceanic plates
(Ocean/Land)
* Mountain ranges (fold mountain)
« Himalaya, leading edge of two continental plates (Land/Land)

2019/5/8 31
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Formation of Collision and Trailing-edge Coasts

West OCEAN BASIN CONTINENT OCEAN BASIN East
N COLLISION TRAILING-EDGE .
Pacific O. COAST COAST Atlantic O.
YoLRG
Sp— MOUNTAING
f RIDGE r- fmum CRUST CONTINERTAL tHJST

ety Fa T -'-*-1*1-,1-—1-..

( MANTLE

Lat. 35° S S. America
Inman & Nordstrom (1971)
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Coastal Zone Dimensions

First-order Features
Coastline (length), ~ 1000 km
On-offshore (width), ~100 km (including continental shelves and coastal

plains)
Vertical (height), ~10 km (ocean floor to coastal mountains)

Second-order Features
Length (~ 100 km); Width (~10 km); Height (~1 km)
Glaciated erosional relief; Major river deltas; giant coastal d dunes

This subject
Third-order (higher-order) Features /
Length (1 ~ 100 km); Width (10 m ~1 km)
Those dependent upon wave action, sedimentary structures(sand
transport, deposition)

2019/5/8 34
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Tectonic Classification
First-order Features

1. Collision (Leading-edge) Coasts (#3774 4 & % &)
(straight and mountainous, sea cliff, raised terrace, narrow continental
shelves, volcanism, seismicity)

a. Continental Collision Coasts (k ii&t 4 & &) (active coasts)
KPEREE S R R ESF IR A ER BB AT E BB/ KFERIR T H,
EiRRiaGn it T ERBRSHRA

e.g. Pacific coasts of North and South America
(thick and thin plates collide)

A BN 68 F F 2R 9 307 L1 LA 3k S5
e B ANSA

201 35
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Tectonic Classification
First-order Features

1. Collision (Leading-edge) Coasts (#3774 4 & % &)
b. Island Arc Collision Coasts (& a3 % &)

Bl RiEHRIR A B EBUEM H E R ARG FRRMAPE EEBCEME E K
N RBEIRIR TN, FERBiA G Bo8aF K L Bls, X EFFERNLKS S
F&TT At F TR, BEISEBARRRIERIRE, SR £ XL
MWEFENNERMST, B LA BRLAMM, FRXBRNARAE

e.g. Japan, Philippines Indonesian and Aleutian Island arcs

(thin/none plates collide)

FR-FRABE ’F?‘ﬁ?ﬁ |
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2. Trailing-edge Coasts(Js 4. %% )

a. Neo(#7)-training-edge coasts (#74& %, % # &)

RBARFEZR, AL R RN ESS

e.g. Red Sea, Gulf of California, Gulf of Aden

(formed near beginning separation centers or rifts, juvenile, precipitous coastal

land form with little or no continental shelf)
b. Afro(3E M &9)-trailing-edge coasts (M A 1 % 7 % % 7 )
ERRES, NLERSS, B =EHAAE
e.g. Atlantic and Indian Ocean coasts of Africa, Greenland

(trailing on both neighbouring sides, stable/mature)

2019/5/8 37



Coastal Morphodynamics

2. Trailing-edge Coasts(/5 % #. %, % /F)

c. Amero(% M #9)-trailing-edge coasts (£ M & 16 %11 % % 7)

— M AtRIRE S, —M A ER SRR, £ BBEXAR, FEEARFIAMMEE
e.g. East coasts of the Americas, India, Europe

(Active, erosion/deposition, lowest lying coastal land forms, widest continental
shelves)

« Afro-trailing-edge is in between Neo-trailing and Amero-trailing-edge coasts
* Relatively low levels of seismic and volcanic activities for both Afro- and

Amero-types of trailing coast

2019/5/8 38
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Coastal Morphodynamics

3. Marginal Sea Coasts (M4 # i1 % &% )
LR AN R SE R, B R E AR LIEM=AMEIUE,
BFEEREEYIR# 7T, BREARIKFESE

e.g. China, Vietham, Korea, Gulf of Mexico

U

—

(protected from open sea by island arcs, most diversity of

form, modified by large rivers and deltas)
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Coastal Morphodynamics

World-wide Distribution of Tectonic coast

Collision plate margin
cpasts

-Cnntinent al
-Islancl AT

Trailing margin coasts

Neo—trailing margin

coasts
-Psmerl:l-trailing

mArgin coasts

Afro—trailing margin
Ccoasts

Dﬂarginal sea coasts
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Statistical distribution of first-order features of the world coastal zones

1. Corur- 2. TraiLiNG-EpGE COAST 3. MarGINAL
stoN COAST Sea CoasT
ToTaL
CONTINENT Coast
LENGTH a. Neo- b. Afro- c. Amero-
(0¥ km)l oapm| o 108km | %
108 km o 108 km o | 10%km| 9%
Europe-Asia............... 75.2 9.7 12.9 7.8/ 10.4 1.7 ?% 31.4041.7) 24.6| 32.7
Afriea. . ..................| 24.7 1.6 _6.5......]..... 2311 93.5). ... ]
North America. .. ... ... .. . 43 .4 11.4] 26.3 2.4 5.5......]..... 24 .21 55.8 5.4] 12.4
South America............ 27.3 9.032.9 2.4 8.8(...... ... 12.5|(45.8] 3.4/ 12.5
Antarctica................| 24.51|...... AU DA e
Australia. ... ... ....... 14.9 | 2.5 1.3| 8.8 .| s5.7138.2) 5.4(36.2
Large islands (>2,500 km?).| 136.1 82.3]1 . 60.5].. 14.5( 10.6] 39.3| 28.9 A A
Small islands (<<2,500 km?).| 93.0 60.3 65.0]._ e 3273500 ..
World. . .................. 439.7 | 1711 10 18.91 4.3] 29.8) 6.8) 155.4| 35.4] 38.8| 8.8
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Second- and Higher order Features: Erosion and Deposition

Characteristics
Wave erosion; Wave deposition; River deposition; Wind
deposition, Glaciated; Biogenous

Statistical distribution of second-order features of the world coastal zone

Wave Wave River Winp G LACIATED BIOGENOUS
ToTaL Erosion DEepPosITION Derosrrion | DEPOsITION
CONTINENT f;li;
(10% km) Length Length Length Length
(108 % (108 | o | (108 | 9 | (108
km) km) km) km)
Europe-Asia..... .. 75.2 15.3 20.3) 6.6 | 8.8 0.5]0.7] 23.9
Africa. ........... 24.7 0.6 38.9) 0.7 | 2.8 3.5|14.2. ... .
North America. ...| 43.4 T 1i7.70 1.513.4 0.1(0.2] 23.9
South America....| 27.3 71 20.8 3.6 113.2...... 3.6
Antarctica. ... .. .. 2450 .00 .0 ..o coe e ] 245
Australia. . .......| 14.9 3 28.8 1.4 (9.4 1.2 S,Ur ......
Large islands
(>2,500km?) ... | 136.1 9 6.5 0.4 0.3.. 49 .6
Small islands
(<2,500km?)...| 93.0 SN, 0= 1 | 32.7
World. . ... ....... 439.1 Vid4.91/51 .4 11.714.2 | 3.2) 5.3 | 1.2/ 158.0
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Effects of second- and higher-order factors

1. Erosional effects
a. Wave erosion, resulting in sea cliffs(£ £ ), beach scarp(f£3%)...
b. Glacial erosion
c. River erosion at previous lower stand of sea

2. Depositional effects
a. Wave deposition forming beaches, barriers, spits, ...
b. Glacial deposition modified by wave action
c. River deposition and the formation of deltas
d. Wind deposition and the formation of coastal dunes

3. Organic accretion

a. Coral and algal (i ) reefs
b. Mangrove, salt marsh, etc.
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Morphologic Classification of Coasts

1. Mountainous coast (3 F)
Shelf width < 50 km; coastal mountain >= 300 m; rocky cliffed shore zone with
occasional pocket beaches

2a. Narrow-shelf hilly coast (3 F K42 LB & F)
Shelf width < 50 km; coastal hills <= 300 m; occasional headlands

2b. Narrow-shelf-plains coast (3 % kK% LB i &)
Shelf width < 50 km; low elevation

3a. Wide-shelf plains coast (£ #-F R & %)
Shelf width > 50 km; low-laying coastal plains; Amero-trailing-edge coastline

3b. Wide-shelf hilly coast (5[ LB & &)
Shelf width > 50 km; headlands widely separated

4. Deltaic coast (river) (= A M & &)
5. Reef coast (organic origin, tropical zone) (#3174 %)
6. Glaciated coast (deep embayments or fjords(*& %), cold zone) (% )1 #& &)
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Coastal Morphodynamics
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Comparison of the morphologic classification with the
first order tectonic classification (in %)

First-OrDER TEcTONIC CLASS
MorrroLocic CLASS 2. Trailing-Edge Coast
1. Collizion 3. Marginal
Coast Sea Coast
a, Neo- b. Afro- c. Amero-
Mountainous coast (1).. 97.2 - 2.5
Narrow shelf, hlllymast(Z&} 75.1 4 5.6
Narrow shelt' plains coast (Eb) S -5 :
Wide shelf, lamsmast(.'ia) A P 4 89.3 .
W1deshe}f 1llycnast(3b) O PR 22 77 .4
Delta.lccoast(-i) ) 1.0 3.4 1.3 B
Reef coast (5)....... .. e P PR . 30 1.9 5.6
Glaciated coast (6)........ .. . .. . 2.8 @ 3.8 ...
Total... ....... ... .......... 100.0 100.0 100.0 100.0 100.0
Percentage of world coastline®. ... 39.0 4.6 7.3 35.2 8.1

No Antarctic coastline (5.6%)
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Summary of Inman & Nordstrom (1971)

Tectonic Classification

1. Collision coasts (Continental; Island arc)
2. Trailing-edge coasts (Neo-; Afro-; Amero-)
3. Marginal sea coasts

Morphologic Classification

1. Mountainous coasts

2. Narrow-shelf hilly, and plains coasts
3. Wide-shelf hilly, and plains coasts
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The formation of Bays and Headlands

2. Wave attack causes
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The Only Place in the
World Where Sea Level Is
Falling, Not Rising

In Sweden and Finland, it’s the land that's
technically rising faster than the sea. o O °
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