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u Surface of ocean from radar satellite altimeter

-

Gravitational field affects water surface level

Gravity Influenced by Sea foor topograpny.



The coastis all the land near the

Sea

s Includes beach and the strip of land
just inland of it

Coasts can be roecky, mountaineus

and cliffed (Pacific coast of North

America), or broad gentle plains

(Southr Atlantic coast of: North

AmEerica)

Coasts can be eros/onal,
depositional, growned, or emergent:



Beaches
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Parts of a Beach

Berm
High tide Beach face
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Above and' landward of the beach face is a flat or
gently inland-sloping platform of'sediment called the
berm

= BEerms are narrowed by wWave eresion during the stormy.
season and rebuilt-by gentler waves in calm weather
Just effshore fromithe beach face Is broad, gently.
sloping platform ofi rock or sediment called the
marine terrace

Short wavelength, high-energy waves

A Winter beach




Low-tide
shoreline
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Beach Sand Sources

Sand sUpplies o PEaChES
L areslon) of [gez)f reles
m SANUISIONEURSEFNEE OIS UIZZ0lIE
N GOty eialisoRmapneErerganiSmSNSHElS)

s rversedimentantivingratiherocean
Iargest:sand sourcelior most DEACHES

UPStREam Eams
B CUISI0lthERVERSandsupply,
m causes severe.beach erosion

COaStaICOMMURILIES WItHIErOUINGDEACHES
5 MOVE sand tercoastine By PIPEINEGN truck:



Water Waves

Seas, Swells, Surf
Wave Height
Crest

Trough
Wavelength

Surf
= Breaker




Ordinary. ocean waves
(mot tsunamis) are
created by, wind blowing
over the surface of the
Water:

When wayves strike

coastlines, wind' energy:
Is transferred to the i
rocks and sedimentson; §

DEACHES

= [his energy Is available to
erode coastlines and transporit
sediments




Water Waves

Wave height determined by
= wind speed
= length of time wind blows
= distance wind blows over the water (fetch)

Wave herght

= vertical distance between crest (top) and trough
(bottom)

= determines wave energy.

|<— Wavelength ——»

Crest

Fig. 14.2, pg. 336




Water Waves
Wavelength

= horizontal distance between two crests (or troughs)

\Waves
= Dbreak® onishore as surf
= Spend energy. moving sandalong the beach

I—— Wavelength —=

Fig. 14.2, pg. 336
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Wavelength and Height

- Wavelength




Waveongtr 06c7aases

Docpmaterwae [

Wavo haight ncroasos
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Orbital Motion of Water

Direction of wave trEueI

Depth =
1> wav
length




Deep \Water

Wave motion roughly: circular
— Wavelength -

Direction of waves

‘: =
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Deep-Water Wave Approaches Shore

Deep-water wave
Wavelength decreases

E—— Surf
Wave height increases l—zune Beach
Crest | Breaker
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%waveiength Sea bottom




Surf
zone

Orbits become
more elliptical
toward bottom




Waves and Energy Transfer

Ordinary: ocean waves are
= not tsunamis
= created by blowing: wind.

= WINd' enerqgy. /s transfered.
to beach rocks and sediments

erodes coastlines and transports
sediments




Near-shore sediment balance

INPUTS

Sediments eroded from backshore cliffs
by waves

Sediments eroded from upcurrent beach
by longshore drift and current

Sediments brought in by rivers

OUTPUTS

Sediments transported to backshore dunes by
offshore winds

Sediments transported downcurrent by longshore
drift and current

Sediments transported to deep water by tidal currents
and waves




Nearshore Circulation

Wave Refraction
Longshore Currents
Rip Currents

Beaches
m Beach Face

m Marine Terrace
Wave-built
Wave-cut

mBerm
m Beach sediment



Waves “bend”

e % Refract as they
| | dpproach shore
ore hed-on)

LT

Wave crests
approach from




Longshore Drift

Longshore. drift
= Wayves strike shoreline at an angle
s sediment moves parallel to shore

Sediment

= SOME MOVES asiWaves Wash Up on the beach
face

s most transported by /ongshore.currentin
Surfzone

Baymouth bar

Sand movement



Landforms Longshore
Drift

Sediment “sandbars”

s SpIts
build inte open water: from a point ofi land B e
LT TS
s Baymoutinbars = e
ridges of sediments that cut bays off from the = ,‘,,.
ocean
s ombolo
bar: ofi sediment linking a former island to the
shore

Baymouth bar

Sand movement
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Longshore Drift of Sediment

Longshore Drift
= Swash/Backwash

Spit
Baymouth Bar
Tombolo

Human Interference with Sand Drift
m Jetties

m Groins

m Breakwater
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Waves Arriving At Shoreline
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Wave Refraction
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Longshore Drift of Sand

Longshore current moves

suspended sand in Beach face
surf zﬂn& .............. -.- /
______________________________ AN
Wave = ] e

Path of sand grains
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Longshore Drift Forms

Spits and Bars
Baymouth bar

Waves

Sand movement




Coasts and Coastal Features

Drowned Coasts
m Estuaries
m Fiords

Uplifted Coasts (Emergent)
= Uplifted Marine Terraces

Coasts Shaped by Organisms
= Algal Reefs
= Branching Mangrove Roots
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Near-Shore Circulation

Waves hitting the shoreline at
angle
= bend and change direction
= become nearly parallel torthe
shoreline (wave.refraction)
Refracted Waves
s still impact coast at slight angle

= push water and sediments

parallel to the coastline (Jfongshore
current)

Fig. 14.5-B, pg. 338

Fig. 14.5-A, pg. 338



Narrow. currents that flow: straight
out te sea through the surf zone
are called rip . currents Bl

RIp: currents are fed by water in the
Surf: zone, where the backfilow: of
water washed Up onte the beach
gets localized

= RIp currents are located where waves
In the surf zone are lowered by,
underwater channels or Wave
Interference patterns
Rip currents die out guickly with
depth and end just outside the surf;

7A011S




Near-Shore Circulation

Fig. 14.6-A, pg. 339

RiIp currents T e
u flarrow.outiionws NS

s flow: straight back to sea through
Surf

s fied by localized surfr zone water

= |located where waves in the surf;
ZONE dli€
lowered by Underwater channels
Or Wave interference patterns

= die out quickly: with depth
= end just outside the surf zone

Fig. 14.6-C, pg. 339
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Rip Current Development

Waves break early Direction of wave travel

Cirection of wave travel

b= -i'-. R T T '\-\.!...;‘ o ~E i)
'.f--l_l-l:;.. l'"-.l. L ey ey :.;

Longshore
feeder
currents

A

Longshore
feeder
currents




Currents: longshore and rip




Depositional Coasts

Depositional coasts
= Nave gently sloping plains
= Show only:miner eresion

= shaped by sediment deposition
particularly: Jongshiore drift

ofiten associated with Barrier islands.
s are sand ridges parallel to shoreline

s Lagoons separate mainland and' barrier
ISlands

= Barrier islands: dyriamic
rapid eroesion and deposition
Sshape changes during strong Storms
High human populations lead to property /055
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Tombolo Formation

Tombolo
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Tombolo Near Santa Cruz, CA
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A Barrier Island
Tidal delta (submerged)

Barrier island

i
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Human Impact
Groin

Beach filling




Human Interference with Sand Drift

Human engineered structures

s Canlinterrtpt sand moving alengia’
peach >

u Jetties
are rock walls

preventharbor entrances from filling
with sand
= Sand piles up at uUpcurrent jetty. ﬂ\
= downcurrent beaches erode severely




Human Interference with Sand Drift

Human engineered structures
= Can Interrupt sand moving along a beach

s Groins
are short walls perpendicular to.shore
catches sand - widens beaches
downcurrent beaches erode severely

J % y. o) y - _
<k W 3% ) °
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Jetties
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Groins




Human Interference with Sand Drift

Human engineered structures

s Breakwaters
offshore structures parallel to shore
absorbs force oft large breakers

provides “quiet™ water near shore

= Sand builds up shoreward ofi the
breakwater;

= eventually fillsiintarea of; “quiet s

3 n? .‘
/: ._
.\L}\ - ‘."..._,;, ~‘/
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Breakwater




Human engineered structures can
Interrupt the flow of sand along a

beach

s Jetties are rock walls designed to; =
prevent the entrance of a harbor
from filling with sand

s Groi/ns are short walls
perpendicular tershore built to
trap sand and widen a beach

s Breakwaters are offshore

structures, typically: parallel te the
shoreline, built terabsorb the force

of' large breakers and provide
guiet water near shore




Coasts and Coastal Features

Coasts

= all'land near the sea including
beach
the strip of land inland of beach

= Can be

rocky, mountainous and cliffed (Pacific side of N.
Am.)

broad gentle plains (S. Atlantic side of N. Am.)

Coastal evolution can be et
s Lros/ional
s Depositional.
s Drowned
n Emergent
18/32 s Organism. growth
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ave Refraction on an Irregular Coast

-




Coasts and Coastal Features
Erosional Coasts
= Headlands
= Coastal Straightening
m Sea Cliffs
= Wave-cut Platform
= Stacks
= Arches

Depositional Coasts

m Barrier Islands
Tidal Deltas

m Deltas
= Glacial Deposition




Wave erosion off headlands
creates

s "Retreating” Sea Cliffs Fr T i
s Wave-cut Platforms
s Seq Stacks

s Arches

Sea walls built
s tO S/ow. or redirect Wave energy. |
= often hastens erosion of beaches -~ - ==

Fig‘ 14-17, pg. 347 }, 2 S



Shoreline Features Carved by Erosion

/I

-~

Sea cliffs




Erosional Coasts

Erosional coasts

= cCommon wWhere bays separate rocky fiead/ands jutting Into
ocean

s Coastal straightening 0ccurs
WaVve erosi/on. of headlands
Wave deposition. of sedimentsiin bays




Formation of a Sea Cave and
Sea Stack

Promontory. \Weak: or Continued
extends out fractured rock erosion leads
INto the sea forms cave {0 collapsed

ool of cave



Paths of crests converge |
Rocky headland and maximize impact Paths of crests diverge

of waves on shore and minimize impact
/IF of waves on shore

>

...

.o"‘
(Y .l ; ‘ -- _-‘
: # o%‘ ‘-

Focusing energy: Contrast headlands and bays



\Wave erosion of headlands will
produce sea cliffs which will retreat
with time

s Sea walls are sometimes used to
protect retreating shorelines, but
eventually are undermined by the wave
energy. they: reflect toward their bases

s Sea walls will'alserhasten erosion of any.
sand beach between them and the
shoreline

Other features commaon to retreating
shorelines are wave-cut platforms,

sea stacks and arches




Erosional coasts are common Where bays are
separated by irregular FockyY: fieadlands jutting out
Inte the ocean

s Coastal straightening will 6ccur, With Wave eresion
ofi headlands and Wave deposition: off sediments in bays
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Wave Erosion of Headlands

i

eposition

Cliff from
Headland SEA wave erosion

A B




Straight

retreating o

cliff

Arch




Erosion from waves
sea cliffs and wave-cut terraces




Emergent Coasts

Uplifted marine terrace in northern California

Emergent coasts

s elevated by deep tectonic ferces )

s Uplift moreiraprdly than sea/evel WY
1ise

Uplifted marine terraces

= originally formed offshore from
beach

s exposed along active.tectonic
margins

California, Oregon




Characterlstlcs of Emergent Coasts
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Wave-Cut Platform Widens

et ST
e
e A

Cliff

Cliff retreats mp.




Erosion from waves

sea cliffs and wave

CUL terraces




ectonic controls — “local”

Uplifted shoreline terrace
Why: Is It exposed?
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Rising Sea Level

Barrier island

Lagoon .

Migrating barrier Rising sea
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Rising Sea Level Causes Erosion

platform uses wave energy, slows
erosion

-

Cliff erusinn& Rising sea level deepens waters,
------------ .~ causing less friction and

5 accelerated erosion
< )




Erosional coastal landforms

Stacks: Twelve
Apostles, Victoria,
Australia

i LE e e ~ NI N L

Wave-cut terraces:
Bolinas Point,
California




Ermergent coasts have
been elevated by deep-
seated tectonic forces

= Uplifit has occurred more
rapidly: than rise in sea level

s Uplifted marine terraces

-l .~.:.

(originally; formed just i
offshore from the beach (pin-loass iy i ol @R AT
face) are exposed along the

tectonically: active western

coast of North America
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plifted Marine Terrace




Sea cliffs

» Creating new.
land surface,
removing fines

Marine
terraces

a Stranded after
drop In sea
level




Consider what determines Whether a shoreline gains
or-loses sand with time

Rivers provide influx = T DUtTefS Wlthbsang
of sediment =5 <5 SINOSUYATOMINEAC
P 3 w OF FVer
SN " ‘Orr_)nord
Skzip)el
v
)

Currents
transport

sediment
along coeast
Beach eresion and
slumping recks add ; Reefs eroede, adding
sediment to shore material to the system



Depositional coasts typically: exhibit
gently sloping plains showing few: effects
Off erosion

Shaped primarily: by, sediment deposition,
particularly: by lengshore drifit

Barier /s/ands; HAdges off Sand that
parallel the shore, are common on
depositional ceasts

= Sea wallsiwill'also hasten eresion of any sand
beach betweenithem and the shoreline

s Protectedlagoons separate barrier islands
from the mainland

= Barrierislands are aynamic, With rapid erosion
and depoesition N Various areas

= Heavy population on some barrier islands has
led to property /oss from rapid, localized
erosion




oreline Features Formed by Deposition




Depositional coastal landforms

= Sand bars, barrier spits, barrier islands



Observe the formation of spits, baymouth bars, and

(90N Spit ferms when waves and
: = . longshore currents transport
s sediment along beach

Spit can grow: Intoe i
pPaymouth bar

[ff'sea level rises, spits
and bars may become
parrier Islands

L)
O


C:/Documents and Settings/Jan/Local Settings/Temp/media/1405mtbl_Cape_Cod_VE20.scene

Longshore
transport,

Sand bars,
and barrier
Islands

ng‘;
R

' ir

18301850 Circle shows 1870-1890 The beach 19101930 The southern 9501970 The northern 1987 140-year cycle begins
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Barrier Island




VWhat Are
Tides?




Polar view

Maximum bulge =
high tide

Bulges stay approximately ‘
aligned with Moon - ) - ———————— . Moon

Minimum =
low tide

First-quarter
Moon

Sun
.‘ tide
Moon |
tide 7

‘ Full Moon
o)
s W 2 N id
(a) Spring tides <0 o B Neapisices Third-quarter

Moon




\What causes tides?

vioon's
gravity.

Why are some Lides Nignerthan elners?

\leJelpks]
SUnN's gravity.

gravity.

b L

Vioon's Sun's
gravity. gravity.

Viore than-noermal Less than nermal






Tide terrace

= ‘?(tht?r ridge IS exposed at low tide (Ssandbar at high
ide

= Rippled tidal flat
=« Upper beach



ToNTREE RN
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Tectonic controls — “local”
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Organism Growth Coastlines

Coral Reefs
s Fringing Reefs
broad.carbonate. plationns: attached to: Sfore
dre widest:Where wave attack IS strongest

s Barrier Reefs
i€l outboard orthe mainiand.
WIth a lagoon between them

usually: have narrow gaps cut in them from water
MOVEMENL.

a Atolls

circular reefs ernc/osing a lagoon
often no large landmass inside



Eroded extinct
volcanic island

(b) Volcano extinct;
fringing reef forms




Remnant of
volcanic island

(c) Subsidence of plate and
volcanic island as reef builds up




(d) Continued subsidence;
reef completely covers
buried volcanic island




Drowned Coasts

Drowned. (submergent) coasts
s common teday

s Sea level rising (last 15,000 years - end of: last Ice
Age)
levels 400~-5007 higher currently.
s Estuaries

drowned river mouths
very rich in marine life

s Frords
drowned glacially-cut valleys
During Ice Ages
= Worldwide continental shelves exposed
= rivers flowed acress shelves - cut valleys

24/32



Hazards Along Shorelines




Obsernve damage from Hurricane Fran in 1996
(numbers show. same houses)

Before
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