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Ocean wind waves

Wind blowing on the
surface of the sea -
pressure fluctuations

drive displacement of

the water

Wave's direction of travel

U,, Mean Wind velocity profile Atmosphere
1) Pressure fluctuations 2) Shear instability
/Wave propagation P () P(-)
P()

Ocean

« Significant wave
height (Hs): The

Trough

Wave Frequency
The number of wave crests
passing point A each second

average height of
the highest third of

all waves.
* Represents waves
Wave Period
The time required for the wave that can erode or
crest at point A to reach point B accrete at
shorelines.

 Height depends on... ??



Monster 23.8m-wave is largest ever recorded in

What drives waves?

e L Areva.
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Campbell Island (NZ)

Southern Ocean has the largest waves globally

Changing to
Ripples to chop Fully developed svgellg

« Fetch: the distance the wind moves

2/ == .
across the ocean in a constant
direction to generate waves.

| wave advance

7, / e Longer duration =
higher waves (low-
pressure systems)

© 2002 Brooks/Cole
adivision of Thomson Learning, Inc.

Wind also drags surface water down to 100 m in general direction of wind



What drives waves?

« Waves in transitional and shallow waters are affected by bottom friction -
they steepen, slow down, and orbits become compressed

Deep

l

J~‘¢.§‘L -
shallow-water transitional deep-water
waves waves waves

eaking waves
D <10 LJ = s

D = depth (m)
L = wavelength (m)




What drives waves?

-

A) Cross-shore transport. —
(normal to shore)

Swash zone

&

e e , « Swash zone:
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e e * Uprush - moves up beach
= i « Backwash - moves down beach



Wave dominated coasts

« Wave-dominated Beach Profile

BEACH SYSTEM
MORPHOLOGY ER
SUBBEAAES_:AL SURF ZONE NEARSHORE ZONE CONTINENTAL
SHELF
pm:is Swash Wave Breaking Wave Shoaling
Berm
pDune \ Runnel  crest Beachface
................. germ \éSwash zone
Swash limit '
Shoreline”” Channel

Bars: Swell coasts (0-2 bars)

Nearshore: The more prolected a beach and
lower the waves, the narrower
and shoaler this zone

50-100m ‘e—— ~100m+ > ~1 10 2km —————!

https://www.nature.com/scitable/knowledge/library/coastal-processes-and-beaches-26276621/



https://www.nature.com/scitable/knowledge/library/coastal-processes-and-beaches-26276621/

Wave dominated coasts

« Seasonal beach profile change

« Summer (depositional) vs winter (erosional) beach profiles
« Sand eroded from beach - returns in summer under low waves

/Dune Erosion

Dune Scarp

Bar Formation
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Summer Beach ------ o
Winter Beach ------ \

Storm Beach S




Wave dominated coasts

« Beach ridges: no aeolian sediment (marine); elevation close to storm
surge level; and coarser sediment (containing gravels and shell).

 Dunes: aeolian over marine; no close relationship to SL; vegetation.

Storm surge

Spring HW

Aeolian sand facies

4
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Wave dominated coasts

« Beach ridges: no aeolian sediment (marine); elevation close to storm
surge level; and coarser sediment (containing gravels and shell).

Storm surge
Spring HW
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Wave dominated coasts

« Transgressive dunes and dune fields

 Dune encroachment into river and estuary



http://vro.agriculture.vic.gov.au/dpi/vro/egregn.nsf/pages/eg_lf_sites_significance_8722_5

Wave dominated coasts
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What drives waves?

« Wave diffraction (obstacles) and refraction (depth)

e —

- Wave celerity decreases
with decreasing depth — i
seaward wave section$t
are faster — wave crestss
become progressively
parallel to coastline,
bend towards headlands

- BRSNS b..

B) Longshore drlft (waves oblig

Direction of longshore drift

—_

Waveenergy
converging on
headfands

swash backwash

Wave energy
diverging

Sediment \ = Sediment Val 3

.
\ Quiet beach /,_/ HOYECNTESS AN 0l

e \\._ Quiet beach Transport




Wave dominated coasts

e N » Longshore drift at the
et * Depositional Fitzroy River mouth
coastal landforms
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1-Beach-ridge succession (strandplain); 2-Back-barrier lagoonal saltmarsh; 3-Brackish coastal mire; 4-Freshwater coastal lake

5-Tidal inlet & flood/ebb delta sedimentary features, 6-Beach berms, 7-Swash bars, 8-Shoreface




Wave dominated co&

 \Wave-dominated estuaries....
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Wave dominated coasts

e
878

High wave energy,
variable river Q

~_

Closure occurs
during low river flow
- waves deposit
sand berm

Opening occurs
during high river flow
- breaks through
berm



9 am high tide: overwash fills basin 3 pm: opening on low tide



Waves and Tides...

arbitrary energy scale

A
standing wave in an enclosed or
partially enclosed body of water
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Tides

« What Causes Tides?

; simulation
« Amplification of tides Is

resonance with contin
shelf, coastline conﬁgu 3 ;.
narrow straits | '“&" ﬂ

-.L<’


https://www.youtube.com/watch?v=tcGEjzt_4is

Tldal bore edge of the
incoming tide forms a

~ wave that travels up a

river or narrow bay,
reversing the direction of
the river


https://www.youtube.com/watch?v=XvO5Ckd7mlU

Tidal Range
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57\71
Lateral accretion

_estuary represents a &
. coastal embayment g
 that has been partially

-~ infilled by sediment
- derived from both the

catchment and marine ey
sources el <
A T
Tidal currents, rather
than waves, are the
dominant force shaping
the gross
geomorphology

Kincaird Beach (Alaska)



Coasts — Summary 1

Tides < Energy >

Transgressive

Prograding




Classifying coasts...

> Tide dominated coast
=3 Deltas 64 High tidal range; low waves
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Rocky coasts ??

 International classifications found in text books typically restricted to
sedimentary coasts...

100 200
MEAN WAVE HEIGHT (cm)



ocky Coasts

Depends on lithology (i.e. rock strength) vs weathering rate

Cliffs and shore platforms - all are erosional features
« Can preserve past sea levels (e.g. notches) - consider uplift rates
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Rocky Coasts

* Rock strength vs weathering and erosion processes

pon Woodroffe (2002) gy This study

Granite 4 -
_— Strength due to crystallisation
Limestone - (O
— 1T 1 Chemical bonding
sesat | e
e = —
. : 1
Tertiary sedimentary - _
Eolianite - — _
|
Chalk 1 -
. ]
Quaternary glacial T T .
Recent volcanic lava - -_—_ —
1 mm yr-! 1cmyr 10 cm yr' 1myr’ 10myr!

Erosion rate



Rocky Coasts

7. Over time the arch

1. Cracks at the base of 4. As a result of wave ggl‘::;ii ttjjrr‘:lt:?ilfs%wn
the headland within the refraction, which
inter-tidal zone become  |7| | distorts the wave | weight to form a pillar of 9{ E: erlxltlualll}v e etxpfosed

. rock, called a stack. A SIA0K Wi CORIRGH 10; INm 2
exposed through - | direction, destructive | | " ; stump. The broken material is
hydraulic action, which waves concentrate their | E{ood e):ample 'SD%'G further eroded through attrition
pressurizes air, forcing energy on the sides. am; along the Dorset and transported away 1o be
the crack to widen This deepens the cave. Cias deposited within the bay

3. Over time the cracks

agfe_"fu';dnggﬂgp:: rther 5. Waye refraction effects all 8. The stack is further eroded at its

oro S abrésion S three sides of tht_a headland. If base crgating new wave-cut notches.

h dcmlic e al two caves are aligned the Sub-aerial processes continue to
ke waves may cut through to form weaken the stack from above

deepen the notch to form

TR an arch. Wave-cut notches

widen the base of the arch.

2. Cracks are further widened by
weathering processes such as
salt crystallization and wet and
dry weathering that affects chalk.

6. Vertical joints are exposed by tall
breakers associated with destructive
waves. Joints can also be weathered
from above such as through carbonation
in limestone. Here blowholes may form.

Cycle of headland erosion

http://geologylearn.blogspot.com/2015/12/coastal-landforms.html


http://geologylearn.blogspot.com/2015/12/coastal-landforms.html

Rocky Coasts




Coasts — Summary 2

 Modern coasts are shaped by the relative energy balance
between tides and waves

Estuaries are where rivers meet the sea

 Rocky coasts are erosional
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T S r——

S~

————




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32

