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Shoreline_Concepts

»> Coastlines are geologically very temporary structures - subject to rapid change

»> The location of the coastline depends primarily on two factors: tectonic activity and the
volume of water in the ocean

» The shape of the coastline is a product of many factors: regional uplift, subsidence,
and faulting, land- and sea-based erosion, transport, and deposition of earth
materials, and biological activity

» Eustatic sea level is controlled by global climate and ocean basin volume

»> Coasts are shaped by erosional and depositional processes

» Changes in sea level has the greatest influence on coastal processes

» Erosional coasts are typically new coasts in which the land is being actively eroded

» Depositional coasts are typically mature coasts in which coastal sediment materials
are either in stable equilibrium (steady), or are being deposited (growing)

» Erosional coasts have characteristic features: sharp bluffs, sea caves and stacks,
natural bridges, pocket beaches, and wave-cut terraces

» Depositional coasts have characteristic features: long/broad sandy beaches, dunes,
barrier islands, sand spits, tombolos, and reef systems
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Coastal Processes Concept Map
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~_Forces That Shape Coastlines .

1) Plate Tectonic Setting

v Near or at a plate boundary = Active coastline
v Far from a plate boundary = Passive coastline

v Uplift, Folding, and Faulting
v Volcanism

v Rivers

v Glaciers

v Humans

3) Sea-based Shaping Agents
v Breaking Waves
v Tides
v  Storm surge
v’ Currents
v' Eustatic sea level fluctuation




~Passive Versus Active Coasts _

mmbphia-ﬂm'ndarT& . maﬂr LA Sy Conyagent Plate Boundary

Atlantic-type Margins
¢ Far from plate boundary
¢ Little to no tectonic activity

+» Mature coastlines

Pacific-type Margins
+*» Close to plate boundary
¢ Lots of tectonic activity

*» Young coastlines




Land-dominant Shaping Agents
1) Tectonics = Uplift and Faulting
2) Rivers
3) Volcanism

4) Glaciers

Sea-dominant Shaping Agents

1) Breaking Waves
2) Tides and storm surges
3) Shoreline currents

4) Eustatic sea level change
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1 millimeter

1) Quartz 2) Feldspar 3) Hornblende 4) Biotite

' 5) Pyroxene_' 6) Muscovite 7) Garnet 8) Magnétite



Wﬁtﬁ Controls Beach_ Size and Form?._

1) Sand Supply
¢ Sediment input and output
* Sediment composition & size

2) Water Movement
* Wave size, consistency, shape,
and direction
* Longshore and Rip Currents
s Tidal flux

3) Sand Movement
s Sediment size
* Sediment abundance
* Longshore drift

4) Shape of Shoreline

5) Offshore bathymetry
_6) Human Structures

3 Groms jetties, breakwaters
seawalls, etc.
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Beach Pl‘?)ﬁlé" and lfé -

Table 12.1 The Relationship Between the Particle Size

of Beach Material and the Average Slope
of the Beach
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Average
Type of Beach Slope of
Material Size (mm) Beach
Very fine sand 0.0625-0.125 s
Fine sand 0.125-0.25 3
Medium sand 0.25-0.50 5
Coarse sand 0.50-1.0 T
Very coarse sand 1-2 9’
Granules 2-4 i e
Pebbles 4-64 AT
Cobbles 64-258 24°

Source: Shepard, 1973.
© 2002 Brooks/Cole, a division of Thompson Learning, Inc.

Coarser the beach sediment
the steeper beach

Coarser the sediment the

stronger the wave conditions
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Winter Beach vs. Summer Beach- -

~ Summer ocean is
relatively calm, lacking
large waves

* The sand in the longshore
bar is brought back onto
the beach face, creating a
flatter, wider, sandier
beach

- Winter ocean wave ety
activity is stronger and  wwme
more consistent because

P
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of winter storms %
¢ This causes sand to be
removed from the berm soitn s A 0P
and taken out to the e etns snna e e

IongShOI" e bar. , CI' eating Q  © adswerln Publsking Company TP
: rower, cobble- - . -
rich beach Scripps Beach, La Jolla CA




_,7s;asona| éhanggs
- at Point La Jolla

Winter Beach

Sand is removed from the berm and

surf zone, where it finds stable purchase. |

The underlying cobbles are stubborn to
move, and are left behind on the berm.

Summer Beach

The sand in the longshore bar is brought :

back onto the beach face and recover the

cobbles, creating a larger, sandier beach E=

Why does this happen every year?

Think about seasonal changes in
coastal-weather-and-wave-activity,
and their affect on beach sediments

bl Wintertime beach (storm)
Copyright ¢ 2005 Pearson Prentice Hall, Inc.

Long, low waves
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Sandmiw __— 0 el

(a) Summertime beach (fair weather)
Copyright @ 2005 Pearson Prentice Hall, Inc.



realinigWaves

T
|8
..-\.

|l
F -




Erosional Processes Along Coastlines

» Ocean Waves

» Tidal Action
. » Surface Runoff from Land ﬁw_.;-g;_ﬁ__,‘ .hﬁ_;
> V_\_Imd-blown Sedlment




Erosional Coasts

v Land- and marine-based erosional processes dominate

v’ Coastline is typically rocky and irregular

v’ Characteristic features are steep rugged sea cliffs, caves, stacks, natural
bridges, wave-cut terraces, and cobble-rich pocket beaches




Erosional Features of Coastlines

» Erosional features formed by the removal of coastal terrigenous and biologic materials
»> Materials derived from rivers, sea cliffs, submerged coral and rock reefs

»> Transport and deposition of coastal materials by longshore current

“Sediments

2 2002 Brooks/Cole
a division of Thomson Learning, Inc.
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Rip currents are narrow currents perpendicular to
the shore that flow seaward through the surf zone

Rip currents form when a group of incoming waves
piles water up onto the beach

The water exits rapidly seaward through the path of
—least resistance — usually along channeled outlow
spots in the bottom beneath the surf zone
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RIP CURRENTS

Break the Grip of the Rip!

tip eurrants are pawerful currents of walor moving away from share,
Thay can sweep oven tho strongost swimmer out to soa.

IF CAUGHT IN A RIP CURRENT

* Sty caim, don't swim aganst the current
* Wines ancl cal for the Lifesuard.

4 Don’t fight the current a , : o S + Suwim sicevieys scross the curent (paalel o shore) Ut you are ot of the
ALWAYS SWIM NEAR A LIFEGUARD oo v o s o e .o
4+ Swim out of the current, then to shore - S e i R

4+ If you can’t escape, float or tread water
4+ If you need help, call or wave for assistance

+ Know how to swim neripoarrents.nossgov

+ Never swim alone {,@\
¢ If in doubt, don’t go out JUE €
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Wave and Tidal Affects on"Shorelines

»> Refraction causes wave energy to converge on the headlands = EROSION

» Refraction causes wave energy to diverge in the bays = DEPOSITION
»> Longshore current transports eroded sediment from headlands and moves it to bays

» Long term effect of breaking wave processes is to straighten the shape of coastline

©® 2002 Brooks/Cole Ware refiaction avound Hary Rocks, view northeast. 343 pon, 20 Nov 2008, fan Fest j¢) 203

a division of Thomson Learning, [nc.

Wave crests

Wavea energy

1 conv glng on
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Wave energy -
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\ ol movement
»_ Quiet beach i

e : ._ Quiet beach




Wave Refraction-Along.an_ Irregular Shoreline

AR

Effects on the Coastline

v' Magnification of wave energy at headlands g,

v Diffusion of wave energy along bays and coves
v Erosion of headlands

v' Sediment deposition in bays
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© 2002 Brooks/Cole, a division of Thomson Learning, Inc.
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“Beaches and the Congshore Current —

MNet movement
of sand grains
(longshore drift)

the beach
at an angle

In San Diego, net sand movement is




v' Land- and marine-based depositional processes dominate

v’ Coastline is typically subdued, broad, beach-lined, straight, and regular

v’ Characteristic features are broad sandy beaches, dunes, sand spits, tombolos,
and barrier islands




» Rivers and Streams

» Longshore Currents

» Surf and Rip Currents
> Biological Activity
»> Volcanic Activity

Cagyeight (G SO05=300% Keanehl Adelass, wes CaliEoeniamasl liog aryg

Salvat EPHE







o @ F{esuli Waves more dlrectly face tha shore a
e causmg wave cres13 to bend o

(1) waves travel at original
speaed in deep water

Shoralina et

t Surf zone

Wave Refraction

v Waves bend as they approach shore

v Tends to make waves break more
parallel to beach

v Development of longshore current
within the surf zone
v~Longshore-current moves-longshore
drift material parallel along shoreline



Depositional Features of Coastlines

»> Depositional features constructed from loose terrigenous and biologic materials

» Materials derived from rivers, sea cliffs, submerged coral and rock reefs

»> Transport and deposition of coastal materials by longshore current

Longshore
current

Sand spit
Bay mouth

Barrier
island

Seaisland

© 2002 Brooks/Cole
a division of Thomson Learning,




/ieach

Beaches are grouped
into larger sand cells or
compartments

Sand enters the coastal
cell from rivers and bluffs
Sediment enierin -

Sand moves from beach
to beach via predominant ~ ssn”

CIiff
erosion

Sediment movement down

longshore current =l ik
ocean basin within a : o 2002 Brooks/Col
Sand leaves the coastal - submarine camyon __adivsion of Tremeon Lesming i
cell down submarine
canyons

If sand input = sand outflow, then the beaches
will stay about the same size.

——pAlong-most-coasts, sand-inputis-mueh-less-mainly. -

because of rivers being dammed
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7 Eustatic SealLeve
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Sea level has been slowly rising over the
past 100 — 150 years

= With higher sea level and increased damming

jvers h erosion is a big problem



et =
“Stabilitv of US Coastlines

Alaska region

88
Hawaii region

© 2002 Brooks/Cole
adivision of Thomson Learning, Inc.
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Puerto Rico and the Virgin
Islands (included in
South Atlanti c-Gulf re gion)

Texas Gulf region
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1) Beaches controlled by a number of factors:

v' Water motion (waves, tides, and currents)
v' Sediment motion (longshore drift, surf zone ingress and egress)
v Sediment Input (rivers, bluffs, reefs, and artificial enrichment)

v’ Sediment Output (submarine canyons, coastal dunes, and artificial
extraction)

v’ Offshore bottom contour (narrow vs. broad shelf; gradual vs. steep)
v Shoreline shape (irregular vs. straight; low relief vs. high relief)

2) The two primary processes affect the beach:

v’ Erosion = removal of sediment from beach
v Deposition = addition of sediment to beach

3) Humans attempt to control beach erosion and
deposition by building artificial shoreline structures

v Groins, jetties, breakwaters, seawalls, and reefs
v Most structures ultimately produce negative effects
v Major debate over what and what not to do to a shoreline
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:Sré:’,a Level Changes Affect on-Coasts..

4 |

San Clemente Island, CA Cape Hatteras, NC
*» Land uplift or sea level drop s Land subsidence or sea level rise
¢ Progressive exposure of seabed ¢ Progressive submergence of land

+» Coastlines shift seaward +» Coastlines shift landward




Rising Sea Level’s EffeCt on-Florida
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,Erosional €oastal Features

Beach-free Wave-Cut Platform




 Erosional €oastal Features




Erosional Features of Coastlines

Harry: Rocks, C.A. Bowdter (c), 19.09.[997.

Sea Caves, Sea Arches, and Sea Stacks




Rocky Irregular Shoreline — No Beach
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”St"éep Rugged Sea C|IffS and Shoreline Rip Rap
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DEPOSITIONAL COASTAL FEATURES.

Broad Sandy Beach




~_DEPOSITIONAL COASTAL FEATURES

Coarse-Sand / Grvel Be
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~_DEPOSITIONAL COASTAL FEATURES

SandyﬁBééch and Backbeach Sand Dunes |




DEPOSITIONAL COASTAL FEATURES _
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Coastal Wetlands - Estuary




Salt Marsh- Estuary




DEPOSITIONAL COASTAL FEATURES

Figure Mangrove shoreline Puerto Rico south coast.
Most of the mangrove has saline water over a 0.5 {o 1.0
meter deep bottom.

Coastal Mangroves




_ DEPOSITIONAL COASTAL FEATURES _
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Coastal Mangroves




DEPOSI AL COASTAL FEATURES

Coral Reef Structures




DEPOSITIONAL COASTAL FEATURES
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Erosional Headlands and Depbsitional Bays



Composite Coasts

San Diego’s Coastline



US Coastlines

»> East Coast of US is a passive, predominantly depositional coast

» West Coast of US is an active, predominantly erosional coast

»> Gulf Coast is a passive, overwhelmingly depositional coast




Reef Systems

/
Evolution of Coral Reef Structures







Initial Stage of
Reef Growth

Hanama Bay, Oahu




» Second Stage of
Reef Growth

Great Barier Reef, usraliaﬁ







»> Beaches are shifting ribbons of sediment occurring along shorelines

» Coasts are geologically very temporary structures, subject to rapid change

> The location of the coastline depends primarily on two factors: tectonic activity and the
volume of water in the ocean

» The shape of the coastline is a product of many factors: regional uplift, subsidence,
and faulting, land- and sea-based erosion, transport, and deposition of earth
materials, and biological activity

» Changes in sea level has the greatest influence on coastal processes

» Eustatic sea level is controlled by global climate and ocean basin volume

»> Coasts are classified by whether erosion or deposition is the dominant process

» Erosional coasts are typically new coasts in which the land is being actively eroded

» Depositional coasts are typically mature coasts in which coastal sediment materials
are either in stable equilibrium (steady), or are being deposited (growing)

» Erosional coasts have characteristic features: sharp bluffs, sea caves and stacks,
natural bridges, pocket beaches, and wave-cut terraces

» Depositional coasts have characteristic features: long/broad sandy beaches, dunes,
barrier islands, sand spits, and tombolos
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