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Syllabus reference

Unit 1
Oceanography

e Topic 1: An ocean
planet

e Topic 2: The
dynamic shore

Unit 2
Marine biology

e Topic 1: Marine
ecology and
biodiversity

e Topic 2: Marine
environmental
management

Unit 3

Marine systems —
connections and
change

e Topic 1: The reef

and beyond

e Topic 2: Changes

on the reef

Unit 4
Ocean issues and
resource
management
e Topic 1: Oceans of
the future

e Topic 2: Managing
fisheries




Classification of verbs — degree of difficulty.

*

calculate (e.g. numerical answer;
mathematical processes)

clarify

comprehend (meaning)
construct (e.g. a diagram)
define

demonstrate

describe

document

execute

explain

identify

implement (e.g. a plan, proposal)
recall

recognise (e.g. features)

select

understand

use

* %

analyse

apply
categorise

classify

compare

consider
contrast

critique

deduce
derive
determine
discriminate
distinguish
identify

infer/extrapolate

- interpret (e.g. meaning)

* * k

appraise

appreciate

argue

assess

comment (make a judgment)
conduct (e.g. investigations)
construct (e;g. an argument)

create (e.g. a unique product/
artefact; language texts; meaning)

decide/determine

discuss/explore

evaluate

experiment/test (e.g. ideas, methods)
generate/test (e.g. hypotheses)

investigate/examine

. justify/prove (e.g. an argument,
statement or conclusion)

modify

predict (e.g. a result)
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Syllabus statement

The syllabus says ... you should be able to

d escri be bathymetric features of the ocean floor,

including the continental margin, ocean-basin floor,
deep-sea trenches, mid-ocean ridges and abyssal plain




Describe

- give an account (written or spoken) of a
situation, event, pattern or process,

- or of the characteristics or features of
something.




Question

Give an account of the shape of ocean 7 bathymetric features.

t



Definition
A bathymetric feature is the shape of underwater terrain

7 major bathymetric features are

A. Continental margin
B. Seamounts

C. Volcanicislands

D. Deep-sea trenches
E. Mid-ocean ridges

F. Atolls

G. Ocean-basin floor including abyssal plains and hills




The following is a summary diagram
—you will have to redraw this and give a brief description of each
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Illustration Bob Moffatt



Continental margin

The continental margin has a

Shelf

Slope and Continental margin ;

Rise |

It stretches out from the land as far — O 3 :;‘ | shelf » Continental slope

as the eye can see. Ne N s | : Continental rise

The average distance for the
continental margin is 65 kilometres
and its character varies from place
to place.

l | 1 i
100 200 300 400 500 600 700 800
In Australia it consists of the Eontigfatjl margin
continental shelf (mostly fairly

narrow), the continental slope, and
the continental rise.



In Australia the margin looks like this.

continental
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Naturaliste
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Tasman
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Seamounts

Australian continental margin

Illustrations Bob Moffatt



The continental shelf
The continental shelf is an underwater landmass which extends from a
continent, resulting in an area of relatively shallow water known as a shelf sea.

Global continental shelf, highlighted in cyan

Public Domain
https://commons.wikimedia.org/w/index.php?curid=617528



The continental slope

The continental slope is the
area of seafloor between
the continental shelf and
the continental rise (or
oceanic trench in some
places of the world).

Usually to a depth of about
200 meters.

The continental slope
typically has a relatively
steep grade from 3 to 6
degrees.

Continental margin

. Continental
S, slope

l | | l |
100 200 300 400 500 600 700 800

Continental slope

Illustration Bob Moffatt



The slope itself can be quite
irregular and may be eroded by

river-like currents to form valleys o P St e S e
"',. » ,lMtLoftv_ ; AN _Ml{trAa"y-ijg;".: :;."

! Adelaide , ,
G o, -
Gulf St Vincent

and canyons.

.. Ranges ) S
X 3 N

Larger valleys are called submarine
canyons.

In South Australia off Kangaroo
Island there exists deep cuts into the

continental shelf. Atk

‘ Du Couedic " 1
Canyons also trap sediments from | AN
the land and transport these to the LR | &5

ocean depths.

References:
BLUE PLANET 2 Episode 2

Submarine canyons off Kangaroo Island

(Supplied: Peter J Hill and Patrick De Dekker)
:http://www.abc.net.au/catalyst/stories/s838745.htm



The continental rise

The continental rise
is an underwater
feature found
between the
continental slope
and the abyssal
plain.

W‘NW{dée};’_ {_e erorgs — -

e —

Offshore South East Queensland

Attribution Deepreef.org
Copyright of the commons 4.0 International (CC BY 4.0)

.. Fraser Island

Continental rise

Abyssal piain




You can read more at
https://www.deepreef.org

B DI
EXPLORER

t marine gco’oglsz Dr Robin Beaman If you want to ask any questions about the
rcsear(h or visit his Biography, and to follow
s Blog about recent ocean mapping events within Australia’s marine region,

Deepreef Explorer Is the website for Dr Robin Beaman and the sclentists working to reve
the underwater landscape and seabed habitats of Australia’s regional seas, from the
warm tropical Great Barrier Reef and Coral Sea, to the Iy polar waters of Antarctica,

This dataset provides the high-resolution bathymetry model of the Great Barrier Reef and Coral Sea, called gbr100, an output of Froject 3D-GER. The 100 metre-
resolution gridded bathymetry dataset covers an area of about 3,000,000 km?, from the Gulf of Papua to northern New South Wales, and easterly into the deep
Coral Sea. This page provides the data in a range of formats for public download.,

Look through the Projects section which showcases the latest ocean mapping research -~
and discoveries, or visit the Gallury to view and download images and maps from our 1 S (W et i stare
various projects and expeditions.,

Yo view and download seafloor depth data In a range of media formats, go to the
For a range of published literature about these projects, including in-depth scientific thymetry menu. Visit the Te y pages to learn about the variety of tools used to
articles, reports and conference papers about this research, you can access them from ',:udy the ocean floor and water,
the Publicat lists.




The rise is like an underwater
hill composed of tons of
accumulated sediments.

The rise depicts the area in
Australia where sovereign
rights exist for the exploring
and exploiting non-living
resources of sea bed and
subsoil, plus sedentary
species.

The rise is the start of the
common heritage of the
seabed to humankind.
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Sd ia-m e

NTINENTAL SHE

~ " EXCLUSIVE ECONOMIC

...~ Sovereign rights for exploring exploiting,
.. conserving and managing living and S
.. non-living resources of the water, sea-bed }-

.. and subsoil
" Give access to surplus allowable catch

ICONTIGUOUS
ZONE
24 nmile

TERRITORIAL SEA BASELINE

Continental rise and EEZ

Illustration Geoscience Australia




These features are
important because
permanent
maritime
boundaries can be
established.

For example the
Exclusive Economic
Zone or EEZ.

QQ .lstmas

S
(Keeling) I.

EXMOUTH
PLATEAU

LORD HOWE
RISE

New Zealarid

Macquarie I.

COLOUR KEY

Australia’'s Exclusive
Economic Zone

. Claimable Sea Floor

Continental Shelf
(in EE2)

Australia’s EEC

Illustration Geoscience Australia



For example, the Timor
Sea’s Oil & Gas Treaty.

The Treaty provides for
both countries to develop
the Greater Sunrise gas
fields together and share
in the benefits.

This recognises both
Australia and Timor-Leste
have legitimate sovereign
rights as coastal states
under UNCLOS.
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Seamounts

Seamounts are undersea mountains formed by volcanic activity.

Seamount model created using multibeam echo sounder

Credit: CC NOAA What is a seamount.
https://oceanservice.noaa.gov/facts/seamounts.html




Thanks to the steep
slopes of seamounts,
nutrients are carried
upwards, (called
upwellings), from the
depths of the oceans
toward the sunlit
surface.

These provide food for
creatures ranging from
corals and fish to
crustaceans.

Tasmanian sea mounts

Illustration Geoscience Australia



Major commercial fisheries for orange roughy occur
south of Tasmania around seamounts

Orange roughy

By Public Domain,
https://commons.wikimedia.org/w/index.php?curid=68485



Volcanic
( h ig h ) L200m. . _C_ontinental et Volcanic Island
islands T

| 1! @
These are § | &
islands of volcanic \ | \ | \
origin

Oceanic divisions with high

island

Illustration By Chris_huh (Own work) [Public
domain], via Wikimedia Commons

https://commons.wikimedia.org/wiki/File:Oceanic_basin.svg



In some places, tall
islands poke out from
the ocean floor.

For example in
Australia, Balls Lord Howe Island
Pyramid near Lord

Balls Pyramid
Howe Island. 4

Lord Howe Island

)

Balls Pyramid and Lord Howe Island

Image courtesy Lord Howe Museum
Map: By edited by M.Minderhoud (own work based on PD map) [Public domain or Public domain], via Wikimedia Commons



Deep sea trenches

The continental slope in some places leads into deep V-shaped sea trenches.

6000 m

Sea level

Deeplsea trenches 3

-3000 m ‘ ST \ 3 N & ; A
o ¥ oy Lo Q"‘"v“\

-7500 m

Australian Government
* Geoscience Australia

Geoscience map with deep sea trenches

Illustration Geoscience Australia



They can be up to
160 km long, 50 km
wide and range in
depth from 6,000 -
11,000 m.

Deep sea trench

lllustration Bob Moffatt



Major Pacific trenches

By Pacific_elevation.jpg: NOAAderivative work: Materialscientist (talk) - Pacific_elevation.jpg, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=17392152

Pacific trenches (a semi-loop)
1. Kermadec 2. Tonga 3. Bougainville 4. Mariana 5. lzu-Ogasawara 6. Japan 7. Kuril-Kamchatka 8. Aleutian 9. Middle
America 10. Peru-Chile



Mid-ocean ridges

- occur in all the major oceans and make up 23% of the earth, surface
- are mountain chains up to 1,000 km wide in places and

- mostly occur in the middle of the oceans.

Mid ocean ridge
Image (LEFT) By NASA/GSFC/Robert Simmon - http://earthobservatory.nasa.gov/Study/Tectonics/tectonics_3.html, Public Domain,

https://commons.wikimedia.org/w/index.php?curid=358818



Atolls

Atolls form when an extinct seamount or volcano has
eroded or subsided partially beneath the water.

Atoll formation

Illustration Bob Moffatt



They are ring-shaped coral reef including a coral rim that encircles a lagoon partially or completely.

— T ——

Coral atoll in the Maldives

By B166-er (Self-photographed) [Public domain], via Wikimedia Commons
https://commons.wikimedia.org/wiki/File:Maldives_small_island.jpg



For the atoll to persist,
continued erosion or
subsidence must be at a rate
slow enough to permit reef
growth upwards and
outwards to replace the lost
height.

Atoll from space

By NASA/Johnson Space Center, Image Science & Analysis
Laboratory [Public domain], via Wikimedia Commons
https://en.wikipedia.org/wiki/Atoll#/media/File:Nukuoro_ISS
013-E-28610.jpg




Ocean basin floor, including abyssal plain and hills

Two regions of the ocean- basin floor are the abyssal plain and the abyssal hills.

| |

Water depth (km)
O L, WOMN = O

Abyssal plain
Ooean basin floor

! | |

100 200 300 400 500 600 700 800 900 1000 1200 1400 1600 1800

Distance in km

Abyssal plain and ocean basin floor

Illustration Bob Moffatt



All oceans contain
abyssal plains and
these are interrupted
by mountain chains or
hills called abyssal hills
(a small hill that rises
from the floor of an
abyssal plain).

They are the most
abundant geomorphic
structures on the
planet Earth, covering
more than 30% of the
ocean floors.

Global continental shelf, highlighted in dark blue

Public Domain
https://commons.wikimedia.org/w/index.php?curid=617528
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Abyssal plains are as flat and
smooth with a gradient of
1:10,000, and cover extensive
areas.

An abyssal hill is a small rise from
the floor of an abyssal plain.

Abyssal hills have relatively
sharply defined edges and climb
to heights of no more than a few
hundred meters.

Abyssal plane NOOA

Image - National Oceanic and Atmospheric
Administration



Draw 7 significant bathymetic features using the outline below.

Water depth (km)

Distance in km



Redraw this map to
show Australian
bathymetric
features of the
ocean floor,
including the

e continental
margin

e ocean-basin
floor

* deep-sea
trenches
* submarine
canyons
* mid-ocean
ridges and

e abyssal plain.
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Syllabus statement

The syllabus says ... you should be able to

dpp |y models to Understand the geological features of the Earth for example, sea
floor modelling, tectonic plate movements, coastal landforms, stratigraphy

0

\




Apply

- use knowledge and understanding in response to
a given situation or circumstance;

- carry out
or

- use a procedure in a given or particular situation




Understand

- perceive what is meant by something;
- grasp;
- be familiar with (e.g. an idea);

- construct meaning from messages, including oral, written and
graphic communication




Objective 1

Use geological models to explain the following geological Earth’s features including:

Plate tectonic movement
- Continental drift

- Atoll formation

- Volcanoes

- Mountain building

- Earthquakes

- Island chains




Objective 2

Apply geological Earth modelling to explain how the following
Australia features formed:

- Ancient limestone reefs in the Northern Territory
- Great Dividing Range

- Queensland coal deposits and marine dinosaurs
- Fringing reefs, patch reefs and coral cays

- Coastline stratifications



Question 1

Complete the following tables to recall how models can be used to explain geological
features. For example -

Table 1:
Earth’s features Model used to explain feature
Continental drift Magma pushes up from deep inside the Earth forcing plates to move.
Cut out of continentals also can show how you can put continents
together.
Atoll formation Oceanic plates move and gradually sink
Volcanoes Plates subduct under others forcing magma to the surface

Mountain building | Subducting plates push mountains upwards

Earthquakes Plates scrape past each other

Island chains Undersea volcanoes make islands. As oceanic plates move new islands
form.




Question 2

Apply this to the following Australian geological features . For example -

Table 2.

Australian feature

Model used to explain feature

Ancient NT limestone
reefs

Australian plate pushed upwards forcing old reefs onto land

Great Dividing Range

Subducting plates broke off island arch forcing mountains upwards.
New plate sub ducting near New Zealand.

Qld coal deposits and
marine dinosaurs

Sea level and climate changes cause inland sea in Queensland. Then
compression forming coal. Marine dinosaurs get trapped in swamps
and preserved on to of coal deposits.

Fringing reefs, patch
reefs and coral cays

Series of ice ages cause corals to grow to different depths

Coastline
stratifications

Rocks on heads forms from volcanic action, then covered with
sediments, then compressed and folded, eroded and finally exposed
by wave action




Definitions

Models explain observations and predict future observations.

They can be drawings, graphs, equations, three-dimensional
structures or words.




Drawings

A drawing can show
how sediments run off

the land.

Model sediments run off land

Illustration Bob Moffatt




Maps

A map can model
tsunami wave
height following an
undersea for
earthquake.

NOAA tsunami map Japan 2011

Map prepared by the U.S. National Oceanic and Atmospheric Administration depicting the tsunami wave height
model for the Pacific Ocean following the March 11, 2011, earthquake off Sendai, Japan.



Graphs

A graph of sea
level rise based on
mathematical
calculations can be
used to explain
climate change.

SATELLITE DATA: 1993-PRESENT RATE OF CHANGE

Data source: Satellite sea level observations. I 3 2
Credit: NASA Goddard Space Flight Center .
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Graphs based on mathematical calculations
Source NASA



Three
dimension
al models

A three dimensional
model of as
mangrove habitat
can explain water
velocity movement
and sediment
deposition.

Model three-dimensional structure
Model by Bob Moffatt



Words

Words can be used to describe how oceanic plate movements form
seamounts.

“As tectonic plates move outwards from
mid-ocean ridges, they can carry volcanic
islands.

In time, these islands gradually sink firstlv

forming atolls and then seamounts.”



Equations

Equations can be used to model and predict wave speeds and heights.

Wave calculations

Worked example

Surfers at Bells Beach estimated the waves on that day
to be 4 metres in height. They estimated that the time
between the wave was 10 seconds or approximately 100
metres between each wave. Calculate the approximate
wave speed of these waves. What is this speed in km/hr?

Working

V=L/t V=100m/10s 1km=1000m

V=10m/s V= 10x60x60/1000
V=36km/hr ANS

QUuESTIONS

1 If a surfer counts 50 waves washing onto the beach
in 15 minutes, calculate:

a. The wave period (time between waves in
seconds).

b. Wave frequency.

2. If a fisher counts 180 waves washing on the beach
in 1 hour, calculate the wave's:

a. Period
b. Frequency

If waves in the sea have a length of 30 metres
and a velocity of 28 m/sec, calculate the wave
period.

A Tsunami that was caused by an undersea
earthquake that occurred off the coast of
North America reached Christmas Island in
the Pacific Ocean in 6 hours. It was estimated
it had travelled 5,000 km

Calculate the speed at which the wave moved.
Calculate the time it would have reached the
Hawaiian Islands, which are located 2,000
km from the epicentre of the earthquake.
Calculate how long it would be before the next
wave hit the island if the wavelength was 300
km.

. Why would larger waves overtake smaller

waves at sea?

. Who might be interested in these observations

or calculations and why?



Movement of the
lithosphere

Crust 0-100 km

thick (crust and upper-

most solid mantle)

¢ /Lithosphere

Drawings show that our earth is

composed of 3 layers. An

e outer layer called the crust.

* inner layers are called the
mantle and core

Mantle

The core contains hot lava called
magma.

6378 km

Earth model layers

By derivative work: Anasofiapaixao Earth_internal_structure.png: USGS (Earth_internal_structure.png) [Public domain], via Wikimedia Commons
https://commons.wikimedia.org/wiki/File:Earth-cutaway-schematic-english.svg



The crust and mantle are
divided into two spheres:

- Lithosphere and
- Asthenosphere.

The lithosphere consists of:

Continental crust
Oceanic crust and
Solid mantle.

Lithosphere [

¥ Solid mantle
A
Plastic mantle
Asthenosphere '
= A

Lithosphere and asthenosphere A

Illustration Bob Moffatt



The lithosphere is brittle, cracks and
fractures when subject to large forces
from within the Earth.

The mantle contains weak spots which
allows magma to flow upwards exerting
great forces on the oceanic crust.

Magma rising through mantle
Illustration Bob Moffatt



The asthenosphere is below
the lithosphere.

It has relatively low
resistance to movement
where convection of core
lava is thought to occur.

It comprises the plastic
mantle and is a zone of
weakness.

Mountains

Lithosphere

v
A
Asthenosphere _Plastic mantle
3.5 g/cm®
_yY

Solid mantle
3.3 g/cm®

Lithosphere and asthenosphere

Illustration Bob Moffatt



The lithoshpere is

above the Y
asthenoshpere.
It has continental Lithosphere

crust, oceanic crust
and solid mantle.

Lithosphere

Illustration Bob Moffatt



Continental crust is composed of low density granitic types of rock.

Oceanic crust is composed of high density basaltic rock and has three layers which are

- made of sediment eroded from the land.
- mixed with lava and sediment.
- made up of basalt.

’(— Continent Ocean —)‘

Sea level
== e e e AR Pk N et - e k-
; - . A :
i Continental crust B, Oceanic
(Sial) T <C crust
b
g 20
o
2
30
40

Oceanic crust has three layers A, Band C
Illustration Bob Moffatt



If these parts are moved under great pressure, they will fold and
fracture.

Sea level

-k
o

Kilometres
N
o

w
o

40

Oceanic crust showing movement
Illustration Bob Moffatt



We can see
folding and
fracturing if we
look closely at
the coastal
landscape of
Australia.

Elements from oceanic erust millions ‘of years ago

Nares Point Kimberley folding and fracturing

Photo lan Morris



So here is an example of how a geological model
can be applied to explain a coastal geological
feature.

A diagram is used to explain the feature.

t



Kilometres

Here is the modsl

’<7 Continent

Layer A 1.03giom3

e
£ Layer B 2.3 glem3

Oceanic crust
Y

10 Continental crust
(Sial) ~<-Layer C_30g/em3
2.8 g/cm3 T
2
0 Mantle
Mohorovic
30 discontinuity
40

Model application to mantle folding

Illustration Bob Moffatt Photo lan Morris

Here is the model applied

25



Continental drift
and plate tectonics

The two sub-layers of the earth's
crust (lithosphere) can move, float,
and sometimes fracture.

These parts are called tectonic
plates.

Continents can move on tectonic plates
Illustration Bob Moffatt

Lithosphere

Asthenosphere



Forces generated by rising magma causes these plates to move
(divergent), and can result in a mid-ocean ridge forming.

Mid ocean ridge

Tectonic plate

Mid ocean ridge
By USGS [Public domain], via Wikimedia Commons



This can be shown in an experiment with rice crackers and golden syrup.

—— i A st

Brad Lawrence



Golden syrup and biscuit
tectonics experiment

Video by Brad Lawrence

Apparatus:
* large tin of Golden Syrup =9

e large beaker, 5 dm®
e packet of thin biscuits
e Bunsen burner, tripod and heatproof mat

* access to a freezer

Pour the syrup into the beakgf and leave in the freezer for 1 hour. D not allow it to

freeze, simply reduce the temperature to gain maximum viscosity.

Break a biscuit in half carefully a e the two halves, t Mg, on the surface of
the syrup. The biscuit halves need room to move apart, so ensure that the two halves
are not too big (nibble pieces off the edges if necessary).

Place the beaker and contents on a tripod without a gauze in place to ensure
localised heating.

Heat the beaker using a low blue flame directed at the centre of the beaker's base.
Slowly the central cone section of the syrup will change in colour as its temperature
rises and its viscosity falls.

Reference
http://www.rsc.org/Education/Teachers/Resources/jesei/mantle/teachers.pdf

Bob Moffatt



If we study the incidences of
earthquakes (epicentres) from 1963 in
the Pacific region, a pattern emerges as

shown below:

Pacific Ocean earthquake records
Illustration Bob Moffatt




“This leads scientists to conclude that
where the earthquake epicentres occur,
these are the edges of tectonic plates.”

Words are used to describe the feature.
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The major plates of
the Earth can be
summarized in a
diagram.

Juan de Fuca

Filipino
plate

EQUATOR

Earth tectonic plates

Illustration NASA/GSFC/Robert Simmon [Public domain], via Wikimedia Commons



The Australian
plate is moving
north at a rate
of 62—70 mm
per year or the
rate at which
your fingernail
grows.
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Australian plate movement and direction

By Alataristarion —
https://commons.wikimedia.org/wiki/File:Tectonic_plates_boundaries_detailed-en.svg, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=39885183




Places where earthquakes occur can be related to deep ocean trenches and are described as
places where two plates collide (convergent) and the most dense plate slides under the other

(subduction).

Places where magma rises and forces the plates to separate are called mid-ocean ridges.
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Ocean plate movements
Illustration Bob Moffatt



As plates moves in the lithosphere and as they move outwards from ridges, anything on
them such as islands or continents, moves as well.

Consider an island moving on a plate.
In time the island will change to a reef, then an atoll and finally a sea mount.
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Island movements on a plate
Illustration Bob Moffatt



Scientists apply this understanding to explain that over millions of years continents
must have moved over the crust of the Earth in a process called continental drift.

Continental drift

https://en.wikipedia.org/wiki/Continental_drift#/media/File:Pangea_animation_03.gif



Volcanoes and mountain building

The movement when a plate subducts (moves under another
plate) results in earthquakes and volcanoes.

Aerial view of New
Guinea volcano

By NASA Space Shuttle image 1SS001-358-32, http://eol.jsc.nasa.gov/ -
http://www.volcano.si.edu/world/volcano.cfm?vnum=0504-01=, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=1982864



Just north east of New Guinea lies the active Rabaul volcano where the Pacific plate
subjects beneath the Australian plate.

Rabaul volcano and map
Photo Bob Moffatt Illustration NASA/GSFC/Robert Simmon [Public domain], via Wikimedia Commons



So here is another example of how a geological
model — plate tectonics, can be applied to explain a
coastal geological feature.

Volcanoes

Oceanic plate
subducting

Ocean plate subduction and volcano
Illustration Bob Moffatt Volcano AAP



When plates move, they
take with them continental
crust.

When these plates collide
the continental crust is
pushed up into mountain
ranges.

Mountains

Oceanic

Continental plate
plate

When the plate
gets jammed, the
only way is up

Mountain building model

Illustration Bob Moffatt



An example is Australia’s Great Dividing Range. It runs
through three states, along the east coast of Australia
and is 3,500km long.

Great dividing range in Victoria and Queensland
Photos Bob Moffatt



The Andes mountain range in South America extends along most of the west coast has
been pushed up by the collision of the Nazca plate and the South American plate.

Andes mountains South America
Photo Bob Moffatt

Nazca plate

Illustration NASA/GSFC/Robert Simmon [Public domain],
via Wikimedia Commons



So the model of plate subduction is used to explain how
mountains are made.

A - B Subduction

Model shows Andes mountain formation
Illustration and photo Bob Moffatt



The shaping of mountains and coastlines is affected by many forces.

Glaciation is one such force resulting in enormous erosion of mountains causing deep cuts.

«——Ice flow

- Glacier abrasion

NZ glacier and fiord

Illustration Luis Maria Benitez from es [GFDL (http://www.gnu.org/copyleft/fdl.html) or CC-BY-SA-3.0
(http://creativecommons.org/licenses/by-sa/3.0/)], via Wikimedia Commons



Major glaciers occurred in New Zealand's South Island resulting in fiords.

The fiords or sounds are so deep that large ocean liners cannot anchor when
they bring in tourists.

NZ glacier and fiord

P{hotographs Bob Moffatt



Earthquakes

As one boundary of an oceanic plate is pushed downwards into the asthenosphere by
subduction, new oceanic crust is being formed at the opposite end by magma rising from

the asthenosphere.
The process is called Sea floor spreading (C-D).

Transverse faults (E — F) can also occur as plates tend to break into two sections.

E - F Transformed faulting

Continental

Subduction summary

Illustration Bob Moffatt

C- D Spreading




This model is used to explain Earthquakes.

Pacific
plate

Effect of an Earthquake

Photograph Sherwood Maynard University of Hawaii (copyright) Qé,

San
Andreas
Fault

Illustration Bob
Moffatt



An earthquake is an example of a transformed fault .
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Diagram of San Andreas Fault

By Kate Barton, David Howell, and Joe Vigil —

http://nationalatlas.gov/articles/geology/features/sanandreas.html, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=1347277




Island chains

Volcanic island chains of the
Pacific show movement of
the ocean’s floor.

When the new crust is
being produced at the mid-
oceanic ridge, a volcano can
form.

The source of the magma
remains constant, and as
the plate moves over the
hot spot.

Mt Kilauea is the example.
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Illustration Bob Moffatt
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Normally Mt Kilauea is not a dangerous volcano and people can walk up to the crater and watch
it erupt.
But as the crater moves over the hot spot it can spew larva with dramatic effects.

Mt Kilauea Hawaii

Photograph By Puu_Oo_looking_up_Kilauea.jpg: USGS derivative work: Avenue (Puu_Oo_looking_up_Kilauea.jpg) [Public
domain or CCO], via Wikimedia Commons



Lava from a fissure
slowly advancing
down a street
2018.

By United States Geological Survey -
https://www.usgs.gov/news/kilauea-
volcano-erupts, Public Domain,
https://commons.wikimedia.org/w/ind
ex.php?curid=68847255




The ocean floor in the area of the ocean ridges has very little sediment built up on them.

This is the area where the ocean floor is spreading and the new crust is being formed.

Very little sediment

Mid ocean ridge

By NASA/GSFC/Robert Simmon - http://earthobservatory.nasa.gov/Study/Tectonics/tectonics_3.html, Public
Domain, https://commons.wikimedia.org/w/index.php?curid=358818



Ancient reefs in Auztralia and continental drift

2500 million years ago Australia had five blocks of content surrounded by sea.
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Illustration Bob Moffatt (after Perspectives of the Earth)



Continental drift

These blocks were at the bottom of a super continent called Gondwana.
A shallow sea, with coral reefs separated another supercontinent Laurasia to the north.

On either side was a vast ocean.

North America Asia

Gondwana
Illustration Bob Moffatt

AUSTRALIA

Africa



A geologic time scale
(GTS) is used by
scientists to describe
the timing and
relationships of events
that have occurred
during Earth's history.

Geological time
Illustration Bob Moffatt

GeoLocicAL TIME ScALE

E Geological Approx Important events applicable
ra s 5 :
period time to Australia
Recent 18 mya Coral growth continental
-g shelf
g Oligocene 35 mya Specialisation of mammals,
[0 sediments flowed from rivers
(@] :
onto continental shelves
Eocene 55 mya Australian plate still moving
north and fracturing
Paleocene 70 mya Expansion of mammals,
coral sea forms, cato trough
o forms, foundations for
_ Bowen Basin laid down
§ Cretaceous 100 mya | Dinosaurs became extinct,
= Australia still joined to
Antarctica
Jurassic 200 mya | First mammals and birds
Triassic 230 mya | First Dinosaurs
o Permian 285 mya | Expansion of primitive
< reptiles
§ Carboniferous| 350 mya | Expansion of sharks and fish
©
. | Devonian 400 mya | First Insects
Silurian 430 mya | First land plants
< Ordovician 500 mya | First fish
5 | Cambrian 600 mya | First marine invertebrates
§ Precambrian 4600 mya | The beginning of life in the
@ Sea
o




Stratigraphy
is the branch of geology concerned with

» the order and relative position of strata and their
relationship to the geological timescale,

* the analysis of the order and position of layers of
archaeological remains

or

e the structure of a particular set of strata.




An example would be in a road cutting you could see
ichthyosaur remains higher up in the cutting than fish
or sea stars.
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Illustration Queensland Museum



Other examples can be found in ancient reefs in the north of Western Australia.

GeoLoaicAL TIME ScALE

2
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Mesozoic

| Precambrian |. Palaozolc. |

Geological Approx Important events applicable

period time to Australia

Recent 18 mya Coral growth continental
shelf

Oligocene 35 mya Specialisation of mammals,
sediments flowed from rivers
onto continental shelves

Eocene 55 mya Australian plate still moving
north and fracturing

Paleocene 70 mya Expansion of mammals,
coral sea forms, cato trough
forms, foundations for
Bowen Basin laid down

Cretaceous 100 mya | Dinosaurs became extinct,
Australia still joined to
Antarctica

Jurassic 200 mya | First mammals and birds

Triassic 230 mya | First Dinosaurs

Permian 285 mya | Expansion of primitive
reptiles

Carboniferous| 350 mya | Expansion of sharks and fish

Devonian 400 mya | First Insects

Silurian 430 mya | First land plants

Ordovician 500 mya | First fish

Cambrian 600 mya | First marine invertebrates

Precambrian 4600 mya | The beginning of life in the

Sea

Devonian reef Kimberley region

Photo Bob Moffatt
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Solid limestone reefs containing a huge variety of fossils laid down as they died in the ancient
seas.

The fact it is now on land suggests that it must have been pushed up out of the water by plate
subduction.
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Devonian reefs in the Kimberley region of Western Australia
lllustrations Bob Moffatt WA National Park



Here you can walk through the ancient Devonian reefs and see many of the fossil
invertebrate and plant remains from this period of time.

Devonian reef and reefs today
Photo Bob Moffatt Illustration WA National Parks



Examples you can see are fossil nautili.

Windjana George and fossils
Photo Bob Moffatt



The Great Dividing Range

In the Paleozoic era, two thirds of the Australian landmass had formed and was joined
to a super continent called Gondwana.

| belt syste belt system

Gondwanaland

Illustration Bob Moffatt




During this time an oceanic plate was subducting under what now is South Australia and a
marginal sea lay between it and an island chain which was to become the Great Dividing Range.
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Illustration and photos Bob Moffatt



To the south Tasmania was splitting from Antarctica and a new
deep sea trench was forming.

Antarctica
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600 - 400 million years ago

Australia 600 - 400 MYO Island arc

Illustration Bob Moffatt



As the oceanic plate pushed under the Australian plate massive fold
belt systems, carried with them sedimentary, metamorphic and
igneous rocks from millions of years under the sea.

| Australia
Younger Fold Belts ]

: *f«—
Fold Belt i P 3 Fold Belt

(

< ',» ghallow s€2

s b s S5 ?? muanth
SR e e e

Island arch of volcanoes create the Great Dividing Range

Australia 600 - 400 MYO fold belt systems

Illustration Bob Moffatt




The shallow sea was
uplifted and became the

rolling hills west of the great
divide.

The volcanoes of the arch
crumbled as sedimentary
rocks from the deep ocean
trench were thrust into the
old mountain range.

Blue mountains NSW
Photo Bob Moffatt



Queensland coal deposits and marine dinosaurs

This was also the time the massive coal deposits were laid down in the Bowen basin in
Queensland.
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Coal deposits in Queensland

Photo Australian Mining Council



In Queensland inland seas had formed and the Queensland Museum Geosciences
and Australian Age of Dinosaurs Museum have been actively excavating dinosaurs
from western Queensland, near the township of Winton, since 2001.

L 9-91 million years ago
191-189 million years ago 2 : 3
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Ancient Queensland seas

Illustrations Queensland Museum



Barrier Reef
formation

From 50 mya to present a
series of ice ages engulfed
the earth during this period.

When an ice age occurs, vast
amounts of water become
trapped in the polar ice caps
and the depth of the ocean
decreases.

Ice age Earth

NASA via Wikimedia Commons, modified by Bob
Moffatt under Wiki licence 2.0.

Icegpacky




Shallow seas drain and land bridges form that allows movements of human populations as
well as other animal and plant life.

These ice ages contributed to
the development of present
day Australian coastal
landforms as well as offshore
islands and reefs.

Ice age sheets

e ﬁ A

Ice age seas
Illustration Bob Moffatt



About 18 mya a sequence of
events that started reefs growth
began as Australia was at a
latitude that promoted coral
growth at a rapid rate.

As the sea levels rose corals
began to grow in large numbers,
forming reefs on the outside of
the continental shelf.

There were still mountains and
plains on the continental crust
as the age of the mammals
increased.

: Coral
I\/Aountams begins to
e \ grow
\ / l Old sea
R~ level

Continental shelf

Reef development pre-ice age A

Illustration Bob Moffatt



As the sea level rose further, so did the reefs
forming fringing reefs around the new islands
and outer reefs on the edge of the continental
shelf.

* Life abounded in the seas and the islands
became separated by large expanses of
water.

e Populations of birds may have developed
because of the absence of natural
predators such as snakes or dingoes.

 Turtles could nest and form rookeries also
with the absence of larger predators.

Mountains
become 55 o7
islands Fringing
reef Quter
reef

Pre-ice age
sea level

Continental shelf

Pre ice-age reefs
Illustration Bob Moffatt



Then followed a series of ice ages.

The sea level fell about 150 metres as ice

formed at the poles. Inland
mountains :
_ Limestone
Continental shelf areas were now , cliffs
) ) ) : Rivers
subjected to river systems and erosion. Rivers /
Limestone caves under and around old l

limestone cliffs were possibly the homes
for our early Aborigines.

Ice age
sea level

Predators returned to offshore islands.

Ice age reefs

. ] . lllustration Bob Moffatt
Sediments built up at the bottom of rivers.



About 18,000 years ago ice
caps from the last ice age
began to melt and water
level gradually rose.

Coral grew up and thickened
over old reefs.

Modern reefs are therefore a
thin veneer on ancient reefs.

Drilling cores into them can
reveal valuable information
about past climatic events.

Islands Fringing

‘ reef
agan Patch
reef Present

sea level

Sedimentis

Modern reefs

Illustration Bob Moffatt



On the reefs we see today are layers of new coral growth, about 15 metres deep,
covering the old fossil reefs.

Two types of reef found in Queensland can be found at Lizard Island and North West
Island.

Fringing reef (L) Patch reef (R)

Photos Great Barrier Reef Marine Park Authority (L) Bob Moffatt(R)



Magnetic Island is
an example of a
continental island
with a fringing reef.
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Magnetic Island

Photo Tourism Queensland



West coast islands and reefs

Reefs formed off the coast of Western Australia in much the same way as just previously
described.

The shape of
the
continental
shelf is
different as
are the ocean
currents.

Older limestone

Fringing reefs WA

Photo CALM



Coastline stratification

About 50 mya Australia had began to separate from Antarctica.

The Great Australian Bight serves as a reminder of where Antarctica once was joined.
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Great Australian Bight

Photographs Bob Moffatt



Stratification of
marine
sediments is
clearly visible
on the Victorian
coastline beside
the Great ocean
road.

Victorian coastline

Photograph Tourism Victoria



Massive folding and faulting can be seen on our rocky shores.

Thick and thin beds of rock can be tilted vertically then faulted so they do not line up, then shaved off
at the top.

Rocky shores in Southern Queensland show wiggly lines indicating that the beds have been folded and
pushed around.

Rocky shore tectonics
Photo Bob Moffatt



During ice ages, sand can
be deposited in layers and
then when exposed to
wind, carved into coloured
layers.

The coloured sands at
Frazer island are examples
of this.

Coloured sands Frazer Island
Photo Bob Moffatt



Table 1:

Earth’s features

Model used to explain feature

Continental drift

Atoll formation

Volcanoes

Mountain building

Earthquakes

Island chains




Table 2.

Australian feature

Model used to explain feature

Ancient NT limestone
reefs

Great Dividing Range

Qld coal deposits and
marine dinosaurs

Fringing reefs, patch
reefs and coral cays

Coastline
stratifications
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Syllabus statement

The syllabus says ... you should be able to

describe the processes of the water, carbon and oxygen
cycles




Describe

- give an account (written or spoken) of a situation, event,
pattern or process,

or

- of the characteristics or features of something.




Question

Explain the term cycle and give a written account of the
processes involved in the

water, carbon and oxygen cycles.



Definition
A biogeochemical cycle is the cycle in which chemical elements and simple substances are
transferred between living systems and the environment.

Water, for example, is always recycled through the water cycle, which undergoes
evaporation, condensation and precipitation, before falling back to Earth.

FATER ST

Condensation

Evaporation Tf'fé’%;!p i
from Oceans,

Lakes & Streams

Water cycle

Ref: https://pmm.nasa.gov/education/water-cycle




Elements, chemical
compounds, and other
forms of matter are passed
from one organism to
another and from one part
of the biosphere (where
organisms exist) to another
through biogeochemical
cycles.

A

Atmosphere

> <

Lithosphere

hiydresphere]

Cycle - lithoshpere atmosphere hydrosphere

Illustration Bob Moffatt



In some cycles, there o e
may be places (called ‘
reservoirs), where the
element is accumulated
or held for a long
period of time (such as
an ocean, coal deposit
or rainforest).

Coal deposits

Photo Australian mining council



Cycles involve the elements and compounds.
Important elements are nitrogen, oxygen, phosphorus, sulphur and hydrogen.

Periodic table with the elements -
Carbon, Nifrogen, Oxygen,
Phosphorus, Suiphur and

Calcium
S c
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Periodic table with the elements carbon, oxygen, nitrogen, phosphorus, calcium and sulphur
By Offnfopt (Own work) [Public domain or CCO0], via Wikimedia Commons



Cycles also involve
molecules.

Sugar and water molecules
are involved in the carbon,
oxygen and water cycles

@

CH,OH

Sugar, water and oxygen

molecules

Water by Dan Craggs (Own work) [CCO], via
Wikimedia Commons

Glucose By Ben Mills (Own work) [Public domain],
via Wikimedia CommonsOxygen By Ulflund - Own
work, CCO,
https://commons.wikimedia.org/w/index.php?curi
d=20317308




Definition

A biogeochemical cycle is a pathway by which a chemical substance moves through
both the biotic (biosphere) and abiotic (lithosphere, atmosphere, and hydrosphere).

* Elements, chemical compounds, and other forms of matter are passed from one
organism to another and from one part of the biosphere to another.

* For example in an estuary carbon passes through the air, water, plankton, fish,
decomposer organisms and mud.




There are also human-
induced cycles such as
those for the toxic
substances of DDT and
mercury.

DDT Nature article
By
https://www.nature.com/news/2010/100107/full/news.2010.4.html
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A computer simulation of the environmental fate of DDT
(dichlorodiphenyiltrichloroethane) has revealed that substantial
quantities of the pesticide are still being released from the world's
oceans, despite widespread restrictions on its use during the 1970s.

The calculations show that
although remaining DDT
use today tends to be in the
southern hemisphere, its
concentrations are actually
growing in the northern
hemisphere as it moves
through the world's oceans
and atmosphere.

An estimated 1.5 million
tonnes of DDT were used

Residues of the pesticide DDT may be
heading northwards. :
worldwide between the Corbis

1940s and 1970s, both as

an agricultural insecticide

and to control disease-carrying insects such as mosquitoes - the
chemical was a key weapon in the war against malaria, for example.
But DDT is toxic to a wide range of aquatic life, and its eggshell-
thinning effects also had a drastic impact on many bird species.
Concerns about its environmental toxicity led to a series of countries
banning the agricultural use of DDT through the 1970s.



Carbon can also stay OCEAN CARBON CYCLE Amosphere
locked in layers of the ~

deep ocean for a long s,
time.

——

Rivers.

Carbon fluxes and stocks

1020  Storage: Gigatonnes of C :
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By Offnfopt (Own work) [Public domain or CCO], via \ . o 17
Commons




Common biogeochemical cycles are
Carbon

Oxygen

Water

Carbon cycle Oxygen cycle Water cycle

Carbon, oxygen and water cycles

Carbon - By Carbon_cycle-cute_diagram.jpeg: User Kevin Saff on en.wikipedia Derivative work: FischX [Public domain], via Wikimedia Commons
Oxygen - By Oxygen_Cycle.jpg: CbuschOlderivative work: Fred the Oyster - Oxygen_Cycle.jpg, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=9842362

Water - By John M. Even / USGS [Public domain or Public domain], via Wikimedia Commons




Water cycle

The Earth is like a spaceship -
nothing can enter or leave the
system if life is to continue.

The amount of water remains
constant, only its quality can change.

Earth by NASA

Illustration NASA




98% of water is contained in our oceans.

Without water all life would not exist.

For us humans, only 1% of all water on
the earth is available for drinking -
making a great case for water
conservation.

Arctic 3%

Pacific 33%

Indian 14%

Illustration Bob Moffatt

O’gher areas 5%

Drinking water
.

Fresh water
29%

Atlantic 16%



The exchange of water between the ocean and the land is called the water cycle. Water
evaporates from the sea or land water bodies, precipitates over land and then is returned to the
( Solé;r'fen:ergy

sea above or below the land surface.
| e Nett movement of ’ , ' .
g 4 water vapour by wind
S
I - i
Evapotranspiration Precipitation over land

P recitp’:'tation Evaporation from the from land
over the ocean

ﬂ - e

Groundwater runoff

Water cycle in Caloundra

Illustration Bob Moffatt, Photo Viewfinder
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During these events, large volumes of water runoff can carry nutrients and
sediments onto the Great Barrier Reef.

A flood plume containing sediments, nutrients and pesticides flowing onto the Great Barrier Reef from Bundaberg.

Cyclone flood plume

AAP Image/James Cook University



Water in the cycle erodes rocks in mountains, which travel down rivers to form sand, which ends up
on our beaches and is blown onto the beach to form sand dunes, allowing plants to grow.

Mountain range
o Creeks
=

Watershed

Water catchment
lllustration Bob Moffatt



Water also cycles off the land into storm water pipes that can greatly affect the
water quality of local waterways.

Storm water drain
Photo Bob Moffatt



Water molecules are an essential part of the process for plants to grow by

photosynthesis.

6 CO, +12 H-0

six

molecules twelve
of carbon molecules
dioxide of water

Photosynthesis equation involves water

Light
2n=rygy

i

Chlorophyll
enzymes
and
nutrients

one SiX

molecule molecules Six
uf glucose of oxygen molecules
(plant of water
biomass)

Illustration Bob Moffatt, Water - By John M. Even / USGS [Public domain or Public domain], via Wikimedia

Commons



Oxygen cycle

The largest reservoir of Earth's oxygen is within the silicate and oxide minerals of the
crust and mantle (99.5%). Only a small portion has been released as free oxygen to the
biosphere (0.01%) and atmosphere (0.36%).

'/
Oceanic ff#p
crust 11 km ;r!y
[/

99.5% crust and mantle
0.01% biosphere
0.36% atmosphere

Continental
crust 33 km

Atmosphere

Available oxygen to planet Earth
Illustration Bob Moffatt



The oxygen cycle has three
reservoirs: the atmosphere (air),
the total content of biological
matter within the biosphere (the
global sum of all ecosystems), and

ATtmosPHERIC OXYGEN

02
the Earth's crust.
Photosynthesis and respiration are Oreanic MoLecuLes
the two main processes of this Cet1206
cycle.

OXYGEN
PHOTOSYNTHESIS RESPIRATION
CYCLE
Co,
H,0

Oxygen cycle

Illustration Bob Moffatt



The processes involved in photosynthesis in daylight involve water combining with carbon dioxide
to make sugar and oxygen and released into the atmosphere.

Photosynthesis day

Illustration Bob Moffatt



At night respiration then takes this oxygen out of the air, combines it
with sugar making water and carbon dioxide and releasing energy.

Night

Respiration (Plants and animals - occurs
throughout the ocean)

Organic matter  CO.+ H.O

(CH,0) SR oo
ol > + nutrients

+ | + solar energy

Respiration night

Illustration Bob Moffatt



Carbon cycle

The carbon cycle process involves the way the
element carbon moves between the Earth's
biosphere, hydrosphere, atmosphere, and
geosphere.

Some processes include

* Respiration

* Photosynthesis

e Diffusion

* Dissolving

* Death

* Decomposition

* Fossilization

* Burning (Wood, petrol in cars etc)
* Sedimentation

Carbon cycle basics
https://eo.ucar.edu/kids/green/cycles6.htm
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The original source of carbon is the carbon dioxide gas found in the atmosphere.
This carbon is removed from the air by green plants and phytoplankton while carrying out
photosynthesis.

Once the carbon is in the form of carbohydrates in the plants it can then be passed along
the food chain.

Atmosphere
002 T CO,
l Cco, \
Photosynthesis Sugars, :
(diatoms) starches,
CO, » -~ _— —> proteins —> Cellular respiration
() | and fats (fish)
002

Chemica! reactions
as COo dissolves in
water

<—— Cellular respiration
and decay

Carbon cycle photosynthesis and respiration elements
Illustration Bob Moffatt



Marine organisms (such as phytoplankton) complete over one and a
half times the photosynthesis of land plants.

Oceanographers estimate
that phytoplankton form
85% of the carbon found in
the ocean.

It is estimated oceans
contain 50 times more
carbon dioxide than the
atmosphere as it diffuses
into the ocean’s surface.

Plankton and the carbon cycle

By NASA
https://earthobservatory.nasa.gov/Features/Phytoplankton
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Carbon dioxide dissolves in rain and diffuses into seawater when the pressure of CO, is
greater in the atmosphere than the ocean’s surface waters.

This dissolved carbon dioxide forms bicarbonate ions in seawater that can combine with
calcium ions to form calcium carbonate. Many marine animals especially ones with shells
and limestone skeletons (corals) absorb carbon in this form.

cat’

- lcas =
COgq Seawater containing
o calcium and carbonate
Ca s ions
CO4

CcOj B
COj
GO}

Calcium

Carbon
dioxide

Ca* + 003— —_ CaCO3

Calcium carbonate - limestone skeleton

Illustration Bob Moffatt



Large amounts of carbon containing compounds are also brought into the oceans
as organic wastes that are washed down by the rivers.

— —

River mouth Wide Bay region
Photo Bob Moffatt



Much of the dead and decaying organic matter of the sea is not decomposed and is
buried in the sediments forming hydrocarbon stores and methane gas.

Fate of buried organic matter
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Fate of organic buried matter

By GRID-Arendal - GRID-Arendal, Public Domain, https://en.wikipedia.org/w/index.php?curid=55925857
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Eventually these remains
may form fossil fuels which
humans can recover and
burn.

This process releases carbon
dioxide into the
atmosphere.

Fuel pump
Photo Bob Moffatt




The burning of fossil fuels by industry converts the carbon in the fossil fuel into
carbon dioxide. Over 500 million tonnes of carbon dioxide are being added to the
atmosphere each year.

Gladstone power house
Photo Bob Moffatt



Vehicles also produce significant amounts of carbon pollution that's
harmful to human health.

Cars in a city

Union of concerned scientists https://www.google.com.au/imgres?imgurl=https://www.ucsusa.org



Forests that convert this carbon dioxide back into oxygen are also being removed
at a disturbing rate.

Last batch of sawnwood from the peat forest in Indragiri Hulu, Sumatra, Indonesia.

By Aidenvironment, 2006 - flickr:Riau flickr user:Wakx, CC BY-SA 2.0,
https://commons.wikimedia.org/w/index.php?curid=10605283



The end result is a build up of carbon dioxide in the atmosphere.
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By Giorgiogp2 - w:File:AIRS Carbon Dioxide.png, GFDL,
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You can read
more at wiki:

Atmosphere F DSpheri
(800) - B Carbon Net
Search carbon - ‘Annual Increase 4
- L 2 _
cycle. 4 ’ | of carbon/yea
Photosynthesi$} - _ - Numbers in parentheses
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Biological and Environmental Research Fossil pool
Information System. [Public domain], (10,000) Reactive sediments

via Wikimedia Commons (6000)



Other cycles are — Nitrogen, nutrient, phosphorus, sulfur and rock

Nitrogen cycle

\, PR
M
D i e m‘:‘a’z"&?“"“"““""“'
e - 1 oo 3 ﬁ!w Rock cycle
waltt columa
Decomposition
{orgnic P convered b iorganc P by bacerl acton)

Phosphorus cycle Sulfur cycle

Other cycles

Nitrogen - By Environmental Protection Agency (http://www.epa.gov/maia/html/nitrogen.html) [Public domain or Public domain], via Wikimedia Commons
Nutrient - By Roman J, McCarthy JJ [CC BY-SA 2.5 (https://creativecommons.org/licenses/by-sa/2.5)], via Wikimedia Commons

Phosphorus - EPA US Federal Government

Sulphur - WelcomelTol1Thellungle at English Wikipedia [CC BY 3.0 (http://creativecommons.org/licenses/by/3.0)], via Wikimedia Commons

Rock - By Woudloper/Woodwalker (I photoshopped this) [Public domain, Public domain, GFDL (http://www.gnu.org/copyleft/fdl.html)



Write a summary statement for the processes involved in the following cycles

Water evaporates from the sea or land water bodies, precipitates over land and
then is returned to the sea above or below the land surface.

Carbon Carbon passes through the air, water, plankton, fish, decomposer organisms and
mud.

Some processes include
Respiration

Photosynthesis

Diffusion

Dissolving

Death

Decomposition

Fossilization

Burning (Wood, petrol in cars etc)
Sedimentation

In daylight involve water combining with carbon dioxide to make sugar and
oxygen and released into the atmosphere. At night respiration then takes this
oxygen out of the air, combines it with sugar making water and carbon dioxide
and releasing energy.




Write a summary statement for the processes involved in the following cycles

Water

Carbon

Oxygen

O
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Syllabus statement

The syllabus says ... you should be able to

descrl be how surface ocean currents are
driven by wind, temperature and gravity.




Describe

- give an account (written or spoken) of a situation, event, pattern or
process,

or

- of the characteristics or features of something.




Questions

1
A
B
C

2

. Describe how the following drive ocean surface currents
. Wind

. Temperature

. Gravity (tides)

. List important Australian surface currents




Describe how the following drive ocean surface currents

Temperature

Gravity (tides)




Definition

A surface ocean current is the movement of water on the surface of the ocean.

Ocean currents

By NOAA - here, Public Domain
https://commons.wikimedia.org/w/index.php?curid=3918644



Key ideas

*Ocean water circulates in currents.

*Surface currents are caused mainly by wind and affect the uppermost 10% of the ocean.

Circulation of the other 90% of the ocean is driven by gravity, as dense water sinks and less

dense water rises.

*Upwelling and downwelling describe the vertical movement of water masses.
*A force called the coriolis effect modifies the course of ocean currents.
*Ocean currents transfer heat from tropical to polar regions.

*Currents influence weather and climate and distribute nutrients and scatter organisms.




Wind

The sun heats the atmosphere,
creating winds and moving the
sea surface through friction.

This tends to drag the water
surface along as the wind blows
over it.

The length of water where the
wind blows (transferring its
energy) is called the fetch length.

Wind and surface current principle
Illustration Bob Moffatt

O A

Waves are a creation of the
sun's energy

The sun provides the
energy for the air
molecules above the sea
surface to rise

These molecules ise asa
parcel of air

Parcels of air close by
move in to the space
creating wind

Surface current forms



Wind patterns are caused by sun rays heating the earth unequally causing air to be heated to a
higher temperature at the equator than at the poles.

_Trade winds
7 are created as
the earth spins

This causes air at the
equator to rise creating ¥ North-east trades
areas of low pressure.

When this rising hot air
cools it falls, creating
areas of high pressure.

/ ~\ \ Cool air falls
ol B creating
= ; high pressure
Hadley cells and wind Hot air rises creating systems

lllustration Bob Moffatt low pressure Systems




The spinning Earth causes these systems (called trade winds) to
move in one prevailing direction, depending on their latitude.

&, \'\\
o, g
Westerlies
. Yl
f/ / North east trades
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\\ South east trades
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Westerlies \>\>\>

Trade winds
Illustration Bob Moffatt



Trade winds generate the ocean surface currents.

e AT TR
- .
Rick Lumpkin (NOAA/AOML ) . — -ﬁ-»-;‘_.-,-,

Pacific Ocean currents
By NOAA (here) [Public domain], via Wikimedia Commons




As the Earth spins, particles of water
move faster as they move away from
the equator.

The force driving these particles is
called the Coriolis force and is the
apparent motion of freely moving
objects as earth rotates beneath
them.

Coriolis force

[llustration Bob Moffatt

Coriolis force
Particles of water @
move faster as they
move away from the
equator

23°



Coriolis forces cause ocean gyres. They are strongest near the poles,
zero at the equator and make storms swirl clockwise in the Northern
hemisphere and counterclockwise in the Southern Hemisphere.

Coriolis force and effect
Illustration Bob Moffatt



Major ocean-wide gyres the North Atlantic, South Atlantic, North Pacific, South Pacific, and
Indian Ocean gyres. Each is flanked by a strong and narrow “western boundary current,”
and a weak and broad “eastern boundary current”.
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Five major ocean gyres
By NOAA (here, img) [Public domain], via Wikimedia Commons



Temperature and gravity

Heat from the sun on the ocean alters the density of the ocean surface water directly by
changing its temperature and/or its salinity.

80N

60N

40N 5

20N

Sea surface temperatures NASA

By NASA Official website, [1]., Public Domain,
https://commons.wikimedia.org/w/index.php?curid=49654946



If water is cooled or becomes saltier through evaporation, it becomes

denser.
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Illustration Wet Paper



This can be shown in a simple demonstration using an aquarium filled with water, an
ice block and a vial with warm water.

Convection experiment

Illustration Wet Paper



This can result in the water column becoming unstable, setting up density-
dependent currents known as the thermohaline circulation.

Poles

Warmenwater,

Thermohaline circulation and gravity
Illustration Bob Moffatt



Thermohaline circulation, sometimes called the ocean conveyor belt, is a term that encompasses
both horizontal and vertical movement of water masses.

It controls the vertical distribution of temperature and salinity in oceans.

Thermohaline Circulation

Thermohaline circulation
By Robert Simmon, NASA. Minor modifications

. by Robert A. Rohde also released to the public
I | sa"nlty (Pss) domain (NASA Earth Observatory) [Public
32 34 36 38

domain], via Wikimedia Commons




Temperature, wind and gravity drive this conveyor belt in four ways.

a) The sun heats water north of the equator in the Atlantic Ocean and drives it from the Gulf
Stream north heats the atmosphere in the cold northern latitudes. This loss of heat to the
atmosphere makes the water cooler and denser.

b) Gravity then causes it to sink to the bottom of the ocean. As more warm water is
transported north, more cooler water sinks and pushes this water along the ocean floor.
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c) This cold bottom water flows south of the equator all the way down to Antarctica.
d) Eventually, the cold bottom waters returns to the surface through mixing and wind-driven
upwelling, continuing the conveyor belt that encircles the globe.

Cold salty
deep current

Ocean current conveyor belt

Illustration Bob Moffatt



Tidal currents

The current when the tide comes in is called a flood current and an ebb current when
the tide goes out.

High Tide

Tidal [Range

Low Tide

FLOOD CURRENT -

High Tide

Tidal |[Range

Low Tide
FLOOD CURRENT sl

Tidal currents (NOAA)

https://oceanservice.noaa.gov/education/tutorial_currents/02tidall.html



Daily tides
These are caused by the gravitational attraction of the moon to the Earth. One tide is higher
than the other because of the difference in attraction.

0210 2.64
0855 1.26
TU 1436 2.27
') 2040 1.06

Daily tides

Illustration Bob Moffatt




These can be shown in a graph.
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Spring tides occur where the
gravitational pull of the Sun
and the Moon are combined
and the tides are at their
highest.

Neap tides occur during a first-
quarter Moon and again at
the last quarter Moon phase,
the Sun is at right angles to
the Moon.

Spring and neap tides

Illustration Bob Moffatt

Neap tide

Spring tides
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springtides @~ Springlides

Neap tides

Spring and neap tides
Illustration Bob Moffatt



Strong tidal currents can form when large rises and falls occur in tide height in narrow channels
or around headlands.

This current can be very strong when water flows through a narrow channel or headland.

Headland

Tidal stream L i -l f/
lllustration Bob Moffatt _+ *
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You can study currents with a home made drogue
Bob Moffatt




These are usually well
marked on local charts,
which also show the
speed and direction of
the current.

Arrows with feathers
represents flooding
tide and plain arrows
represents ebbing tide.

The arrow indicates
the maximum
measured flow in that
location.

Tidal stream
Illustration Hydrographer for the Navy
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Important surface currents around Australia

Important surface ocean currents around Australia are the Antarctic Circumpolar Current,
Leeuwin, East Australian and the Indonesian throughflow.

Indonesian Throughfiow

)
™
SouthEquatoriak. Cusre . Hin Current
South Equatorial Current

Leeuwin
Current

Flinders

Low nutdents, : S ‘ 5 £ \‘
Wﬂﬂw \ asman Front

Antarctic Circumpolar Current Low nutrionts,

piooplankton
and nanoglankion

Subantarctic Zone

#W Surface currents "'-_

¥ Subsurface currents @ Seasonal upwelling
#~’ Seasonal currents [ Exclusive economic zone
© Persistent eddies Claimable continental shelf

Subtropical Front

Australian ocean currents

© Commonwealth of Australia 2013 [CC BY 3.0 au
(http://creativecommons.org/licenses/by/3.0/au/deed.en)], via Wikimedia Commons



The Antarctic ” AFRICA
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This current is considered the
powerhouse for global climate
and the ’lungs’ of the earth.
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Antarctic Circumpolar Current
By NASA (NASA) [Public domain], via Wikimedia Commons




The Leeuwin

56—

Current

This current exerts a major 105
influence on the distribution of

marine life and Western 156 —

Australia’s weather.
20'S —
It forms near the North West
Shelf on Australia’s west coast
and travels south into a series
of eddies finishing in the
Tasman Sea. b

256 —

35S — —

Leeuwin Current
© Commonwealth of Australia CSIRO 40°S




The East Australian
Current

This current flows south along the
east coast of Australia from near
Queensland’s Fraser Island to
Tasmania.

East Australian Current

Commonwealth of Australia 2013 [CC BY 3.0 au
(http://creativecommons.org/licenses/by/3.0/au/deed.en)], via
Wikimedia Commons
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Indonesian throughflow

This is a system of currents that carries water westward from the Pacific to the Indian Ocean
through the deep passages and straits of the Indonesian Archipelago. Warm tropical water from the

Throughflow influences the character of the Leeuwin Current.

Indonesian
through flow

- Eastern SvialCurrent - 2 .
) Australia

Indonesian through flow
Left https://www.youtube.com/watch?v=ufw8w-pbtpg. By ehackert [GFDL (http://www.gnu.org/copyleft/fdl.html) or CC BY-SA 4.0-3.0-2.5-2.0-1.0

(https://creativecommons.org/licenses/by-sa/4.0-3.0-2.5-2.0-1.0)], from Wikimedia Commons. Right Adapted from CSIRO Commonwealth of Australia



Describe how the following drive ocean surface currents

Wind

Temperature

Gravity
(tides)
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Syllabus statement

The syllabus says ... you should be able to

describe

how water, heat and nutrients are distributed across coastal regions and global
ocean basins (e.g. upwelling and downwelling, Ekman spiral, El Nifio and La Nina
events and Langmuir circulation.




Describe

- give an account (written or spoken) of a situation,
event, pattern or process,

or

- of the characteristics or features of something.




Question

Give an account of how water, heat and nutrients are distributed
across coastal and ocean basins with specific reference to

a. Ekman spiral, upwellings and downwellings
b. ElI Nifno and La Nina events

c. Langmuir circulation




Give an account of how water, heat and nutrients are distributed across coastal and ocean basins with specific reference to

Upwellings and downwellings

El Nifo and La Nina events

Langmuir circulation




Ekman spiral, upwellings and downwellings

Currents decrease with depth in a spiral based on surface currents moving at a 45-degree angle
to the wind direction caused by Coriolis forces and friction.

The deflection at the surface his called Ekman transport and with depth the Ekman Spiral.

Ekman Spiral

Illustration Bob Moffatt




Upwelling
Where Ekman transport moves surface waters away from the coast, surface waters are
replaced by water that wells up from below in the process known as upwelling.

Downwelling
Where Ekman transport moves surface waters toward the coast, the water piles up and
sinks in the process known as downwelling.

\Wind

Upwelling Downwelling

Ekman transport, upwelling and downwellings
After NASA and American Geography Society, modified Bob Moffatt



Coastal upwelling are affected
by the continental shelf.

New South Wales

The Bonney upwelling region Upwelllng
in NSW is known for its high
productivity driven by the
strong and predictable
upwelling of nutrient rich
waters.

Victoria

Bonney upwelling
By CSIRO Marine division, modified Bob Moffatt




Easterly trade winds push large amounts of warm water across the Pacific causing upwellings
in Peru and creating monsoons (rain) in Australia. The South Pacific gyre moves strongly.

This is called La Nina.
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La Nina
Illustration Bob Moffatt



The push on the ocean surface from time to time falls, and warm water that was once driven
westward, now runs back towards the central Pacific.

This disrupts the ocean-atmosphere system causing hot air to rise and split the trade wind
circulation pattern.

This is called El Nino.

El Nino Pressure drop

: causes trade wind
Lack of hot air causes pattern to split
monsoons to fail

i < Peru
e
!

y f

Warmer water

El Nino

Illustration Bob Moffatt



In the eastern Pacific, a branch of the Peru current breaks off, stopping cold water from entering
upper layers of oceanic water.

It dramatically affects ocean nutrients in Peru and consequently disrupts the fishing industry.

-5 (| El Nino
El Nino = current
current

Warm mineral Warm mineral

poor current poor current

El Nino currents and Peru
Illustration Bob Moffatt



In Australia, hot and
dry conditions from
El Nino can cause
bushfires.

Bushfires
Photo Simone Baker




Cyclones from El Nino
conditions also bring
large amounts of
devastation due to
flash flooding to coastal
Queensland.




This seriously affects nutrient levels on inshore ecosystems, as nutrients enter the ocean via
waterways bringing excess nutrients, sediment and other pollutants. These pollutants can
negatively impact ecosystems including seagrass and corals.
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Photo Bob Moffatt



Langmuir circulation

In physical oceanography, Langmuir circulation consists of a series of shallow, slow, counter-
rotating vortices at the ocean's surface aligned with the wind.

By BannSaenger - Own work, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=2570039



These circulations are developed when wind blows steadily over the sea surface.
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Langmuir circulations circulate within the mixed layer; however, it is not yet so clear how strongly
they can cause mixing at the base of the mixed layer.

By Mmelugin [<a
href="https://creativecommons.org/licenses/b
y-sa/3.0">CC BY-SA 3.0 </a> or <a
href="http://www.gnu.org/copyleft/fdl.html|">
GFDL</a>], <a href="
https://commons.wikimedia.org/wiki/File:Rod
eo_Lagoon_From_Trail JPG">from Wikimedia
Commons</a>

Reference
https://en.wikipedia.org/wiki/Langmuir_circulation



Offshore currents

0 :

Photo Bob Moffatt




Weather data for last photo shows the slight offshore wind creating the surface current.
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Give an account of how water, heat and nutrients are distributed across coastal and ocean
basins with specific reference to

Ekman spiral

Upwellings and downwellings

El Nifo and La Nina events

Langmuir circulation
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Syllabus statement

The syllabus says ... you should be able to

describe

the physical and chemical properties of water, including structure, hydrogen

bonding, polarity, action as a solvent, heat capacity and density
<)
5

\@f*%




Describe

- give an account (written or spoken) of a situation,
event, pattern or process,

or

- of the characteristics or features of something.




Questions

Give an account of the properties of water with
reference to

I. Chemical properties involving molecular
structure, hydrogen bonding, polarity, ionisation,
solvent properties, pH and salinity

Il. Physical properties involving states of matter,
conductivity, heat capacity and density




Key points

Chemical properties cannot be determined just by viewing or touching the substance; the
substance's internal structure must be affected greatly for its chemical properties to be investigated.

A chemical property is any of a material's properties that becomes evident during, or after, a
chemical reaction; that is, any quality that can be established only by changing a substance's

chemical identity.

What are the Chemical Properties of Water?

Molecular structure |H»20 - two hydrogen atoms and one oxygen atom

Solvation Water dissolves more substances than any other liquid

pH Pure water has a neutral pH of 7, which is neither acidic nor basic
lonization Water weakly ionizes

Reactivity Metals such as gold, silver, copper, tin, etc. do not react with water

Chemical properties of water

By http://www.elementalmatter.info/water-properties.htm



Physical properties can be observed or measured without changing the composition of matter and

are used to observe and describe matter.

What are the Physical Properties of Water?

Color Nearly colorless with a hint of blue

Odor None

Taste Bland

Density 1.00_0 g/ml. The density of water is approximately one gram per cubic
centimeter

Boiling Point 100 °C

Conductivity Water is a good conductor of heat

Compressibility

The compressibility of water reduces the sea level

Specific Heat

Water has a high specific heat. Specific heat is the amount of energy
required to change the temperature of a substance

Surface Tension

Water has a high surface tension - it is adhesive and elastic

Cohesion

Water is attracted to other water

Adhesion

Water can also be attracted to other materials

Physical properties of water

By http://www.elementalmatter.info/water-properties.htm




1. Chemical properties

A. Molecular structure

B. Hydrogen bonding and polarity
C. lonization

D. Solvent properties and pH

E. Salinity




Molecular
structure

A water molecule is made of
one atom of Oxygen and two
atoms of Hydrogen (or one
molecule of Hydrogen).

It has the molecular formula of
H,O0.

Water molecules

Illustration Bob Moffatt

An hydrogen atom ...

has the symbol H

A hydrogen molecule ...

has the formula H o

A water molecule ...

has the formula H20

Hydrogen

Hydrogen

An oxygen atom ...
has the symbol O

A oxygen molecule ...

has the formula O2



These atoms combine in a ratio, two
hydrogen and one oxygen atoms to
form the water molecule H,0.

The atoms are held together by
chemical bonds.

These bonds form because the
electrons of the atoms are shared,
each hydrogen atom shares an
electron with an oxygen atom thus
giving it a slightly positive charge.

A water molecule ...

has the formula H2O

Oxygen
Hydrogen

Hydrogen

Water molecule
Illustration Bob Moffatt



Hydrogen bonds and
polarity

Water is a polar molecule and so is
slightly positively charged on the
Hydrogen side and slightly negatively
charged on the Oxygen side.

Water molecule showing charges
Illustration Bob Moffatt

Slightly negative
charge

O

L
H + +

Slightly positive
charge

@



A Hydrogen bond forms
between the positive Hydrogen
sides of this molecule and
other negative ions, in this case
other water molecules
negatively charged Oxygen
atoms.

Hydrogen
bonds

(Remembering anionis a
charged particle)

Water molecules hydrogen bonding
Illustration Bob Moffatt



lonization

This is the process by which an atom or a molecule acquires a negative or positive charge by
gaining or losing electrons to form ions, often in conjunction with other chemical changes.

Self-ionisation of water occurs when a molecule of water provides a Hydrogen atom to
another, forming new products, as seen in this chemical formula:

H,O + H,0 = H,0* + OH"-



Water self-ionises to produce Hydronium ion (H;0*) and the Hydroxide ion (OH-).

2H,0 H,O0* OH"

@ Q=W

Water ionization
By Cdang - Own work, Public Domain, https://commons.wikimedia.org/w/index.php?curid=7942156



Water and salt ionises, salt’s crystalline form is broken causing it to dissolve. The negative part of
the water molecule (Oxygen) attracts the positive Sodium ion and the positive part of the water

molecule (Hydrogen) attracts the negative Chloride ion. The water molecules surround the ion
preventing it to form the salt crystal.

Molecules and ions with which water forms Hydrogen bonds (such as Sodium chloride) are called
hydrophylic (attracted to water).

x

Ag + & Na T + a + H2O<:
/H/ s |<ﬁ}— =@ Y@ o

H2O
5 =
& + ”
Cl T a
H2O ¢ _C?Q T Hzo Na
& :

Salt and water ions

[llustration Bob Moffatt



These hydrophylic substances can attract water from the air, so a mangrove
can attract water, if it has excreted salt on its leaves.

q.'v& fy; &

-
-

Mangrove leaf with salt
Photo Bob Moffatt




On the other hand, ions and molecules that do not form hydrogen bonds with water are
hydrophobic (not attracted to water), which is the opposite.

This effect is seen when you put a drop of oil on water, it does not dissolve but is seen to float on
the surface, seemingly repelled by the water molecules.

Oil spill Persian Gulf

Copyright Kuwait Environment Public Authority



lonization and
salinity

Salinity is the concentration of
dissolved salts in water, usually
expressed in parts per thousand

by weight (ppt = g/L)

Sea water has about 35 g of salt
per litre of water. This is also
expressed as 35 ppt.

The different salts dissolved in
seawater can be seen in this
diagram.

Seawater composition
Illustration Bob Moffatt

35 g of solld
{ salts

10009 of 9659 of

water

water

L
X

-

67% Sodium chloride (NaCl)
14.6% Magnesium chloride (MgCl,)
11.6% Sodium sulfate (Na 820 )4
2.2% Potassium chloride (KCI)
3.5% Calcium chloride (CaCl,)

1.1% Miscellaneous



Solvent properties and pH

Water can also dissolve more
substances than any other
common liquid because of its
polarity.

Water is called a universal
solvent because it can dissolve
polar and ionic substances
more than any other liquid.

Water drop

By fir0002 | flagstaffotos.com.au [GFDL 1.2

http://www.gnu.org/licenses/old-licenses/fdl-1.2.html)
via Wikimedia Commons




Water has an enormous ability to dissolve substances because of its polar nature.

When ionic compounds such as sodium chloride are added to water, hydrogen
bonding will tend to pull those ionic compounds apart.

This makes water a natural solvent.

2
H,0 Gl -
- " S
Cl - a
C?Q + H,0 Na

Salt and water ions dissolving
Illustration Bob Moffatt



pH

pH stands for 'potential of Hydrogen' and is a measure of the acidity or alkalinity of water
soluble substances. A pH value is a number from 1 to 14, with 7 as the neutral point.
Values below 7 indicates acids (H+) which increases as the number decreases, 1 being the most

acidic whereas 14 is the most alkaline (OH-).

Over the past 300 million years, ocean pH has been slightly basic, averaging about 8.2. Today, it is

around 8.1.
o 4, Aarine X
@O a@/ environment Q/
% %
& >
Q %2 %.4.'B 6.7 9 10 11 12
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pH line and kit

Illustration Bob Moffatt



Water facilitates chemical reactions and the formation of new products because once ionic
compounds dissolve, their anions (-) and cations (+) circulate through the water allowing further
reactions to occur with other available ions e.g., Calcium carbonate formation.

CO2 (gas) \
H20
S CO0;
HCOZ Seawater containing
3 calcium and carbonate
- ions
COj
Calcium
. C a++
Calcium carbonate - / dioxide
limestone skeleton
becfomhes par} of gpral v
reef when po ies.
polyp > W

CaCO:3

For example water allows calcium to combine with carbon dioxide to form calcium carbonate.
lllustration Bob Moffatt



When Carbon dioxide dissolves in water it exists in chemical equilibrium with Carbonic
acid which dissociates into Hydrogen and Carbonate ions.

The water gets the Hydrogen ions making it increase in acidity.

Water Hydrogen Hydrogen
ion ion
CO2 + Ho0 == HoCO3<=~H' + HCO3~ == H* + CO3%
Carbon Carbonic Bicarbonate Carbonate
dioxide acid ion ion

Carbonic acid formation and dissociation

Illustration Bob Moffatt




As atmospheric Carbon dioxide increases, water increases the uptake of Carbonate ions to
maintain the equilibrium reducing Calcium carbonate formation.

Too much CO, causes the water
carbonic acid equilibrium to shift using
up carbonate ions used by marine life
{eg corals and shellfish)

=

This reduces ocean pH
making it more acidic.

CO

~b CO,+H,0 => HCO, +H*

5 “ﬂ
-

+C0,* =>HCO,
* H*combines with carbonate ions (CO;*") to 3 )
form bicarbonate (HCO;) e \ &

* Ocean absorbs CO, from burning fossil fuels

& Cdz_ dissolves in seawater and forms
carbonic acid (HCO; ) and release of
hydrogen ions (H*)

* Formation of HCO; removes CO,* so they : iz
are less available for calcifiers such as corals CaCO3 = Ca® +CO32

Ocean acidification equation

Adapted from Hoegh-Guldberg, Ove, et al. “Coral reefs under rapid climate change and ocean acidification.” science 318.5857 (2007):
1737-1742.



Another negative property is
that water being such a good
solvent is an excellent place for
treated sewage and other
pollution discharge.

Sewage plant discharge
Photo GCCC




Salinity
Salt cycles starts in the sea from sediments which are
uplifted over millions of years by subduction, then eroded

forming part of the sediment load in rivers, then back to the
sea as sediment.

Large amounts of salt are also blown from the sea to the
land.




Remember: Salinity is the

concentration of dissolved salts in f
water, usually expressed in parts
per thousand by weight. (ppt = 35 g of solld
g/L) { salts
1000g of 9659 of
water water
Sea water has about 35 g of salt L
per litre of water. This is also
expressed as 35 ppt. %= A \
67% Sodium chloride (NaCl)
The different salts dissolved in 14.6% Magnesium chioride (MgCl,)

seawater can be seen in this
diagram and contribute to the
water’s salinity level.

11.6% Sodium sulfate (Na SZO )
2.2% Potassium chloride (KCI)

4

3.5% Calcium chloride (CaCl,)

1.1% Miscellaneous

Seawater composition

Illustration Bob Moffatt



This chemical property allows molecules to dissociate into ions.

Salt has the formula NaCl and when it dissolves it splits into two ions Na* and CI

NaCl —+:Na™ 4 1

Salt and water ions

Illustration Bob Moffatt



lonisation allows us to establish a
chemical test to determine the
salinity of a solution. Salinity can be
measured as molarity of Chloride ions
and can be determined using a
titration method.

Solutions of seawater, Potassium
dichromate and Silver nitrate are
used in this titration.

There are other methods to
determine the salinity of seawater.
You might like to investigate these.

Seawater titration set up

From College of Science, University of Cantebury

Burette containing
silver nitrate
solution

Conical
Seawater and flask
chromate
indicator
e ————




As the silver nitrate is run into the flask, the silver ions combine with the chloride
ions to form a white precipitate of silver chloride.

A" (aq) + CI(aq = ABCl

Agt + ClI— ---> AgCl

Silver chloride formation

From College of Science, University of Cantebury



When all the chloride ions are used up the silver ions combine with the
chromate ions to form a red solution of silver chromate.

Salinity is determined by the amount of silver ions required to use up
all of chloride ions.

> Agy CrOg

Silver chromate end point

From College of Science, University of Cantebury
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Salinities can be also be measured with a salinity meter

Photograph Selbys Scientific



Salinities can be measured with a refractometer

Seawater Rcf;agt_o_mcter
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Photograph Selbys Scientific
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World salinities vary from 34 - 37 ppt
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World salinities

Illustration Bob Moffatt



There are exceptions, for example the Dead Sea where salinities are 10 times that of the ocean.

Dead Sea, man reading in 337 ppt

By Arian Zwegers (Flickr: Dead Sea, man reading) [CC BY 2.0 (http://creativecommons.org/licenses/by/2.0)], via Wikimedia Commons



2. Physical properties of
water

A. States of matter
B. Heat capacity

C. Density

D. Viscosity
E. Surface tension ‘



States of matter

Water can exist as a solid liquid or gas. Hydrogen bonding helps to keep it a liquid at room
temperature and temperatures of 100°C are required to break the hydrogen bonds and convert

liquid water into water vapour.

Solid - Liquid Gas
Ice is three S il
dimensional
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Water in its three states

Illustration Bob Moffatt



These different charges attract other water
molecules with their hydrogen bonds.

This results in sea water staying as a liquid
right up to temperatures of 1000C.

This allows water in rock pools to remain even
at high temperatures.

Liquid water also contributes to heat transfer
through ocean currents.

Rock pool Kimberley region
Photo Bob Moffatt




When water heats up above
100°C, the hydrogen bonds let go
and water vapour forms. Here
the molecules are far apart and
move freely.

The process is called evaporation
and occurs on any large body of
water.

As water vapour rises the
molecules slow down and
hydrogen bonds reform resulting
in clouds.

As a gaseous (vapour) component
of the atmosphere, water helps
transfer heat from warm low
latitudes to cold high latitudes.

Cloud formed by moist winds

Lord Howe Island tourism



Solid - at the poles, water temperatures plummet towards zero.

As icebergs are chunks of ice originating from glaciers and are freshwater, they will be less dense than
salt water and will float.

Iceberg
Photo Bob Moffatt



The freezing of water into a solid (ice) during the winter season at the higher latitudes, increases surface
salinity and makes possible the sinking of dense surface water.

This water is the only source of oxygen for the deep ocean and is very important.

Seal on iceberg
Photo Bob Moffatt



Heat capacity

Heat capacity |

100 200 400 600 800

L 120 |
Heat capacity is the heat
required to raise the 100 F - S
temperature of a substance " Latent heat of vaporization
) (540 cal)
one degree and is expressed 80
in calories.

60

Less heat energy is required
to melt ice than to vaporise
water to steam.

Temperature (°C)
B
o

. f W o

|

-20 <>» Latent heat of melting
(80 cal)

! ! | L \
020 100 200 400 600 800
Calories

Heat capacity of water

Illustration Bob Moffatt



The rate at which heat is added does not affect the temperature of the ice/water or
water/steam mixture.

200 o
150 — Heating steam
9 100 Q. .. . .. -Vapoizingwater .. oo oo
2 (E)
©
v
& 50 — st
E Heating liquid water
i
Meltlng
0 O i
JHeatmg ice
—50 | | | | | |
0 25 50 75 100
Time (min)

Heating curve for water
https://chem.libretexts.org/LibreTexts/Valley_City_State_University/Chem_122



Water can absorb or loose an
enormous amount of heat
without undergoing a large
temperature change and is the
most important moderator of
climate.

Note
Temperature changes are
discussed in the next topic.

Whale Shark

Below H20




Density

The density of a substance is the mass per unit volume. (g/cm3)

As water cools more Hydrogen bonds form in water and the
movement of the molecules slows down. The molecules are drawn
closer together and the mass per unit volume increases to 4°C where
its mass is equal to its volume.




The density of pure water is therefore 1
g/cm3at 4°C and is used as a standard to
compare density of all other substances.

Density is an important property of ocean
water because it determines the vertical
position of water masses and creates deep
ocean currents. Seawater density is
between 1.022 & 1.030 g/cm3and increases
in density until it freezes.

As seawater freezes at -1.99C, its
density decreases greatly, so sea
ice floats.

Densities of common substances
Illustration Bob Moffatt

Densities of some
common substances

Substance | Density at325 i o

(g/cm’)

Gold 19.3

Mercury 13.5

Lead 11.4

Iron 7.87

Aluminium 2.70

Bone 1.7- 20

Water 0.997

Water 1.00 (4°C)

Ice 0.917 (0°C)

Wood | 0.11-1.33

Air (dry)

0.00119 (1 atm)




Temperature has the greatest influence on density. As temperature increases

density decreases (due to thermal expansion).

At a salinity of 30ppt, the colder the water the greater the density.

Seawater density for various temperatures and salinities

Temperature ( “C)

S (%) 0 5 10 15 20 25 30
0 0.99987 1.00000 0.99973 0.99913 0.99813 0.99707 0.99567
5 1.00397 1.00401 1.00367 1.00301 1.00207 1.00087 0.99943
10 1.00801 1.00796 1.00756 1.00684 1.00585 1.00461 1.00314
15 1.01204 1.01191 1.01144 1.01087 1.00964 1.00836 1.00686
20 1.01606 1.01585 1.01531 1.01449 1.01341 1.01210 1.01057
25 1.02008 1.01980 1.01920 1.01832 1.01720 1.01585 1.01429
30 1.02410 1.02374 1.02308 1.02215 1.02099 1.01960 1.01801
35 1.07813 1.02770 1.02697 1.02600 1.02337 1.02176
40 103216 166 1.03088 1.02860 1.02715 1.02551

Densities

Salinity temp density comparison
Illustration Bob Moffatt

falae=r



Density can be used to determine salinity by making a simple hydrometer.

Mick O’Connor



Mick O’Connor



Use a set of standard solutions to calibrate your home made instrument.

Mick O’Connor



Plankton that stay near the surface
through bouyancy and frictional resistance
to sinking are greatly influenced by the
effect of temperature on density.

In low-density warm water, plankton must
be smaller or more ornate, thereby
increasing the ratio of surface area to unit
of body mass, in order to reduce their rate
of sinking.

Crab Zoe

Illustration Bob Moffatt



So in colder high density water, plankton can be much bigger

Figure Antarctic Krill
Photo ANARE



Viscosity

Viscosity is the resistance of a
liquid flowing through or
passing an object.

As an experiment you could
drop a number of shaped
objects through a number of
liquids to see which was more
Viscous.

Viscosity experiment
lllustration Bob Moffatt

Viscosity experiment

Based on an original activity by Tint Ryan, Marvborough
State High School

MEeTHOD

N

Using stand and clamps, set up the 4 pieces of glass
tubing in a vertical position.

Cork each glass be as shown m Figure |

Fill each glass tube to an approximate height of 25 em
with one of the liquids below_ The liquids in each tbe
should be of the same height.

Release a sphere into a filled tube and record the time
it takes to reach the bottom.

Repeat step 4 using the other three liquids.

MATERIALS AND EQUIPMENT
(PER GROUP)

Equipment required

honey or golden syrup
clear oil (motor oil)
cooking oil

4 metals or heavy spheres (marbles/sinkers will
do)

4 lengths of glass tubing 30 ¢m., (the wider the
better).

4 large test tubes mat be used (the sphere must fit
inside the glass tubing)

4 corks to seal glass tubing

stand and clamps

QUESTIONS

In which liquid did the sphere take the longest time to
sink”

How long did it take the sphere to reach the bottom of
the glass tubing?
How long will it therefore take for it to sink 1 metre?

How long will it take for the sphere to sink to the bottom
of the Pacific Ocean which has o mean depth of 4188
metres?

o e e e
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Water is nearly 800 times denser than air and so it strongly resists movement.

Fish that need to move rapidly through sea water need to be streamlined or fusiform. Also, fish
that need to be stable in fast flowing water have humps on their backs.

Tuna

Illustration Kerry Kitzelman



Surface tension

Where the air meets the upper layers
of liquid water, the hydrogen bonds
are strong making a type of skin on the
water called surface tension.

This allows light animals to literally
'walk on water'.

Only a few marine creatures take
advantage of this including water
striders in mangroves and some
planktonic life forms.

Water strider

By Bruce J. Marlin [CC BY-SA 2.5
(https://creativecommons.org/licenses/by-sa/2.5)], via Wikimedia
Commons




Describe

1. How salinity can be determined by titration.
Write a set of equations to illustrate how
determination is made.

2. How salt ionises in water.

3. How density can be used to determine salinity.
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Syllabus statement

The syllabus says ... you should be able to define

thermocline, halocline and pycnoclin




Define

- give the meaning of a word, phrase, concept or
physical quantity;

state meaning and identify

or describe gualities.




Key points

The density of seawater depends largely on temperature and salinity.

Water temperature is regulated by the sun and varies with latitude.

Salinity depends on the effects of evaporation and rainfall and varies also with latitude.
Sharp vertical gradients of

temperature are called thermoclines;

salinity - haloclines and

density - pycnoclines




Question

State the meaning of these terms and illustrate your
answer with a graph:

A. Thermocline
B. Halocline

C. Pycnocline



Thermocline

A thermocline is a distinct layer in
the ocean in which temperature
changes more rapidly with depth
than it does in the layers above or
below.

(thermo = heat, cline = slope)

Thermocline

By Praveenron - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=31055923
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In the ocean, the
thermocline divides the
upper mixed temperature o .

layer warmed by the sun v
from the constant deep )
cold water below. b

» > b

Surfacellayer

Subsurfacellayer.

[

Layers in the sea

After
https://www.amnh.org/exhibitions/permanent-

exhibitions/rose-center-for-earth-and-

space/david-s.-and-ruth-l.-gottesman-hall-of- Deep Iayer

planet-earth/what-causes-climate-and-climate- \
change/the-world-ocean/layers-of-the-ocean




Depending largely on season,
latitude and turbulent mixing by
wind, thermoclines may be a
semi-permanent feature of a
body of water.

Thermocline seasonal depth

By Welcomel1Tol1Thellungle at English Wikipedia, CC BY 3.0,
https://commons.wikimedia.org/w/index.php?curid=4849808
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Thermocline
latitude depth
comparison
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Illustration Bob Moffatt



Halocline

Is an intermediate layer of
oceanic water in which salinity
changes more rapidly with
depth than in the layers above
and below it.

(halo = salt, cline = slope)

Halocline
Illustration Bob Moffatt
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Salinity in lower latitudes is greater than in higher latitudes because of the ice melt and
surface runoff.

Depth

Illustration Bob Moffatt



Factors that affect salinity are: precipitation, runoff,
melting ice bergs, formation and melting of sea ice
and evaporation.




In the mid latitudes, an excess of evaporation over precipitation leads to surface waters
being saltier than deep waters. Here the halo cline can cause salt water to mix.

In high latitudes regions surface waters are actually colder than the deep waters.

The halocline is
responsible for
maintaining water column
stability allowing for the
formation of sea ice, and
limiting the escape of
carbon dioxide to the
atmosphere.

Sea surface salinities

By Plumbago - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=
23016243

31 3 33 34 35 36 37 38 39
Sea—surface salinity [PSU]



Pycnoclines

A pycnocline is the layer where the density gradient is greatest within a body of
water usually between 300 and 1000 m. (pycno = density, cline = slope)

Density g/mL
Surface layer 1.023 1.025 1.027
i e . 04——tt—t——
0 > /_ A A A A A \
- - ocline | ’ ‘
T <nmy Bt g i i
) > Deep layer
a oo
8 o e N | I
g 3 il
=
S 4 {
Sea bottom 3r
5 1 ' 1
60° N 30°N 0 30°S 60° S Al ¢ o
Latitude

Pycnocline layer
After http://ocean.stanford.edu/courses/bomc/chem/lecture_03.pdf

Depth, km



The physical propertiesin a
pycnocline driven by
density gradients also
affect the flows and vertical
profiles in the ocean. For
example, seawater with a
density of 1.03g/cm3 added
to freshwater would sink
below the fresh, creating a
deep ocean current.

These changes can be
connected to the transport
of heat, salt, and nutrients
through the ocean, and the
pycnocline diffusion
controls upwellings.

Upwellings are In red

World upwellings

By NOAA - http://oceanservice.noaa.gov/education/kits/currents/media/upwelling_imagel.jpg,
Public Domain, https://commons.wikimedia.org/w/index.php?curid=5717898



An upwelling brings nutrient-rich, cold, salty water to
the surface.




In your notebook
Define the terms
Thermocline, halocline and pycnocline.

Use graphs to illustrate changes with depth.
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Syllabus statement

The syllabus says ... you should be able to FTECOEN 1S@ how

thermoclines and nutrients produce the oxygen minimum within the
open ocean




Recognise

- identify or recall particular features of information
from knowledge;

- identify that an item, characteristic or quality
exists; perceive as existing or true;

- be aware of or acknowledge.




Definition

The Oxygen minimum zone (OMZ), is the zone in which oxygen saturation in
seawater in the ocean is at its lowest.

This zone occurs at depths of about 200 to 1,500 m depending on
A. Nutrient production in the ocean surface layer

B. Pycnocline (DENSITY) bacterial stability

C. Nutrients from upwellings affected by thermoclines

Remember
A pycnocline is the cline or layer where the density
gradient is greatest within a body of water.

Reference
Oxygen minimum zone
https://en.wikipedia.org/wiki/Oxygen_minimum_zone



These zones vary with latitude.

Dissolved oxygen concentration at 180°E

Depth [km]
TR VR O

=90 -60 ~30 0 30 60

Oxygen minimum zone

By Plumbago [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0)], from Wikimedia
Commons In the upper panel a minimum in oxygen content is indicated by light blue shading
between 0° (equator) and 60°N at an average depth of ca. 1,000 m (3,300 ft).

90



Question

How do thermoclines and nutrients produce an
oxygen minimum zone within the open ocean?




Surface ocean layers and nutrient production

In surface layers of the oceans, oxygen is supplied physically by diffusion with the
atmosphere.

presiking Diffusion Air

wave \ 3

.

O

o O
o Photosynthesis
Bubbles Respiration
Decomposition Remember
pycnocline is
£ Pycnocline layer density.

Oxygen at the surface

From Jones and Bartlett Chapter 4



Phytoplankton also produce large amounts of oxygen through photosynthesis and
eventually die.

Phytoplankton in surface layers
Illustration Bob Moffatt



Zooplankton feed on phytoplankton, produce carbon dioxide for phytoplankton and eventually die,
leaving bacteria to use up the oxygen in the decomposing process.

Phyto and zoo plankton in surface layers
Illustration Bob Moffatt



Photosynthesis produces high concentrations of oxygen, animals use this to respire, they die
and are decomposed creating more nutrients.

A rain of nutrient is produced from this layer comprising phytodetritus, dead organisms, fecal
pellets, excretions, shed shells, scales, and other parts and sinks to the bottom.

Nutrient rain

Illustration Bob Moffatt



Pycnocline stability

The sharp pycnocline in
the water column is
stable and prevents
vertical mixing of water
at these intermediate
depths, physically
preventing oxygen from
entering the zone below

the surface.

Highloxygen]level

NG ]1
(L |

Rainfofinutrients®

-

Low oxygen level

Decomposer layer and OMZ
Illustration Bob Moffatt
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.




Biologically, aerobic bacteria feed on a rain
of nutrient matter from above using oxygen
in the process.

This is how the OMZ is created.




Water depth (km)

Oxygen is used in the bacterial metabolic process of decomposition, lowering its
concentration within the water, creating the Oxygen mimimum zone (OMZ) also called
‘shadow zone’.

This usually occurs between 200 m and 1500 m depending upon circumstances.

Sea bottom

60° N 30" N 0
Latitude

Oxygen mimimum layer and pycnocline

After http://ocean.stanford.edu/courses/bomc/chem/lecture_03




Upwelling nutrients and thermoclines

Nutrient-rich water rises from deeper levels to replace the surface water that has drifted away due
to Ekman transport. The increased nutrients support phytoplankton blooms, zooplankton grazing,
and an overall productive food web at the surface e.g., sardine and tuna runs.

P —
BV aterldraggedfawaylirom
PR ShoTe bylEKman|transport

Upwelling of nutrient rich water /

Upwelling and Ekman transport

Illustration Bob Moffatt



The effectiveness of upwelling and its ability to support abundant sea life is greatly dependent
upon the depth of the thermocline.

A deeper thermocline limits the amount of nutrients brought to shallower depths by upwelling
processes.

s h a ’ ’ ow Temperature De ep Temperature
thermocline fr’ o AW thermocline 5: M
N, il

100 ok
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Deep and shallow thermoclines
Illustration Bob Moffatt



The distribution of the open-ocean oxygen minimum zones is controlled by the large-scale
ocean circulation as well as local physical as well as biological processes.

Oxygen minimum zones

From A. Paulmier, D. Ruiz-Pino / Progress in Oceanography 80 (2009) 113-128. 02 distribution (IM) at depth where 02 concentration is minimal, indicating
the extent of the OMZs (in red) according to the WOA2005 climatology



Question

Draw diagrams to show how thermoclines and nutrients
produce an oxygen minimum zone within the open ocean.

Describe how the pycnocline is involved.
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TO09 Deep ocean
~ circulation




Syllabus statement

The syllabus says ... you should be able to

eXpla IN how thermohaline circulation in the
deep ocean is affected by salinity and water density




Explain

- make an idea or situation plain or clear by
describing it in more detail or revealing relevant

facts;

- give an account; provide additional information.




Question

Describe how deep ocean circulation is affected by salinity and
water density as it travels along the ocean conveyor belt.

Use a diagram to explain your answer.



Density differences

As water currents pass through the tropics, higher temperatures cause the water to evaporate
increasing salt concentrations. Temperature increases, salinity increases and density increases and

water begins to sink.

Remember
Densitync eases and Temperature has a
water starts to sink. greater influence on

density than salinity.

Surface Current

Density increases in lower latitudes

by Avsa - Own workThis file was derived from:Oceans-image.svg, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=8385268



Cold, dense water in polar zones
sinks relatively rapidly over a
small area, while warm
(downwelling), less dense water in
temperate and tropical zones
moves to the surface more
gradually across a much larger
area.

Great quantities of dense water
sinking at high latitudes are offset
by equal quantities of water rising
elsewhere in the ocean causing a
circulation (conveyor belt) of
warm and cold water.

Conveyor belt

By Avsa - Own workThis file was derived from:Oceans-image.svg, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=8385268



Thermohaline (thermo = heat, haline = salt) circulation is mainly vertical.

*It is driven by the formation and sinking of salty (because sea ice forms), cold water
in the Greenland-Iceland-Norwegian Sea (downwelling), and is probably responsible
for the large flow of surface water past Indonesia, from the Pacific to the Indian

jSea to air transfer
¢ < Warm shallow /

Ocean.

current &4 g
-

A

Cold and salty deep
current

Deep and shallow currents

Adapted from http---www.rapid.ac.uk-sis-popups-currents_thc.php.jpg



The North Atlantic conveyor belt is controlled by thermal forcing (differences in
temperature due to high latitude cooling and low-latitude heating) drives

- the flow northwards at the surface, and

- southwards at depth.
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Thermal forcing
Adapted from http---www.rapid.ac.uk-sis-popups-currents_thc.php.jpg



Water movement

The North Atlantic Deep Water
flows very slowly into the deep
abyssal plains of the Atlantic
toward Antarctica, above the
more dense Antarctic Bottom
Water, where the water mass
joins the Antarctic Circumpolar

Current (ACC). North Atlantic
Deep Water

Polar Front Divergence

—

_/

= —

% Mid-Ocean
Ridge

Water mass bodies of the Southern Ocean

By Fred the Oyster [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)], via
Wikimedia commons



Polar Front Divergence

Because the temperature and
salinity are constant at depth,
there are no thermo or
pycnoclines so vertical mixing
can occur, hence upwelling
and downwelling occurs easily.

North Atlantic
Deep Water

—

_/

% Mid-Ocean
Ridge

=

Water mass bodies of the Southern Ocean

By Fred the Oyster [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)], via
Wikimedia commons



In Antarctica, the combined effect
of evaporative cooling and brine
exclusion causes the density of
the Antarctic Bottom Water to be
so high, that it in fact underflows
the current from the Atlantic
Basin. However, mixing does
occur and Oceanic Common
Water is created lining the
bottom of the Indian and Pacific
Oceans.

Antarctic circum polar current
By NASA (NASA) [Public domain], via Wikimedia Commons
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Antarctic circum polar current
By NASA (NASA) [Public domain], via Wikimedia Commons



Antarctic Circumpolar Currents are mixed to create the so-called “Common Water”
which flows northward, around Southern Africa where it is split into two routes:
one into the Indian Ocean and the other past Australia into the Pacific.

circumlpolawater

( .

-

Common water rising
Adapted from http---www.rapid.ac.uk-sis-popups-currents_thc.php.jpg



CSIRO has recently
discovered a deep ocean
current found between
Australia and Antarctica
on an ocean plateau. It
carries the equivalent
amount of water as 40
Amazon Rivers.

Kerguelen plateau deep ocean

current

By CSIRO, CC BY 3.0,
https://commons.wikimedia.org/w/index.php?curid=3549
7339

= Ocean
plateau
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These cold, highly oxygenated currents supply oxygen
to ocean depths along the conveyor.




Salinity
In the Indian Ocean, some of the cold and salty water from the Atlantic are refreshed, by means
of vertical exchange, with the warmer upper ocean water from the tropical Pacific

90“W 0° a0°k 180° .
I0°N : %0°N
Heat release o
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Indian Ocean deep water refreshment

http://www.marbef.org/wiki/Thermohaline_circulation_of_the_oceans



Within the Pacific Ocean, the remaining cold water undergoes Haline forcing (net high
latitude freshwater gain and low latitude evaporation) and slowly becomes warmer and
fresher.

Haline forcing

Illustration Bob Moffatt



Haline forcing

Differences in salinity due to high-latitude
freshwater gain and low-latitude evaporation.

Drives current flow south at the surface

and northwards at depth.




The outflow of bottom water makes the sea level of the Pacific Ocean 20 cm higher than the
Atlantic Ocean.

Combined with the difference in salinity, this generates a large flow of warmer upper ocean
water from the tropical Pacific to the Indian Ocean through the Indonesian Archipelago.

Indonesian
through flow

Indonestian flow thru
https://creativecommons.org/licenses/by-sa/4.0-3.0-2.5-2.0-1.0)], from Wikimedia Commons. Right Adapted from CSIRO Commonwealth of Australia



From there, the water flows up through the South Atlantic towards the tropics.

The heated tropical waters of the Atlantic proceed until Greenland, where it once more
undergoes evaporative cooling, thereby creating a continuous global thermohaline circulation.

Evaporative cooling

Evaporative cooling

Adapted from http---www.rapid.ac.uk-sis-popups-currents_thc.php.jpg



Review

Temperature, wind and gravity drive this conveyor belt in four ways.

a) The sun heats water north of the equator in the Atlantic Ocean and drives it from the Gulf
Stream north heats the atmosphere in the cold northern latitudes. This loss of heat to the
atmosphere makes the water cooler and denser.

b) Gravity then causes it to sink to the bottom of the ocean. As more warm water is
transported north, more cooler water sinks and pushes this water along the ocean floor.

Cold salty

deep current

Ocean current conveyor beltaand b

Illustration Bob Moffatt



c) This cold bottom water flows south of the equator all the way down to Antarctica.
d) Eventually, the cold bottom waters returns to the surface through mixing and wind-driven
upwellings, continuing the conveyor belt that encircles the globe.

Cold salty
deep current

Ocean current conveyor belt

Illustration Bob Moffatt



Describe four ways temperature, wind and gravity move
water the ocean conveyor belt.

lllustrate your answer with diagrams.







T010 Oceans need further
investigation

- —~— “’J’;"“
- B e T

‘W-{‘-"""f



Acknowledgement

The text for this topic was taken from the NOAA website

https://oceanexplorer.noaa.gov/backmatter/whatisexploration.html

The NOAA Office of Ocean Exploration and Research is the only federal
organization currently dedicated to exploring our unknown ocean.

On the Ocean Explorer website, you can learn more about who we are
and what we do.

You can follow ocean explorations as they are happening, learn about
the tools and technology used during these explorations, and discover
opportunities for people of all ages to expand their understanding of
the ocean environment.




Syllabus statement

The syllabus says ... you should be ableto dIF'E€UE

that knowledge of the oceans is limited and requires
further investigation




Argue

- give reasons for or against something;
- challenge or debate an issue or idea;

- persuade, prove or try to prove by giving
reasons.




Question

Argue a case for further ocean research.




Despite the fact that the ocean
plays a role in everything from the
air we breathe to daily weather
and climate patterns, we know
more about the surface of Mars
than we do about the depths of
our oceans.

Mars

By ESA - European Space Agency & Max-Planck Institute for
Solar System Research for OSIRIS Team
ESA/MPS/UPD/LAM/IAA/RSSD/INTA/UPM/DASP/IDA -
http://www.esa.int/spaceinimages/Images/2007/02/True-
colour_image_of_Mars_seen_by_OSIRIS, CC BY-SA 3.0-igo,
https://commons.wikimedia.org/w/index.php?curid=56489423




Most of our knowledge of the ocean lies in shallower waters.
Deeper waters remain a mystery even though we are relying more and more on these
areas for food, energy, and other resources.

Students in reef pools North West Island
Photo Bob Moffatt



Ocean exploration is about making discoveries, searching for things that are unusual
and unexpected.

NOAA Explorer at sea

By NOAA - http://www.moc.noaa.gov/oe/index.htm, Public Domain,
https://en.wikipedia.org/w/index.php?curid=23922866



Particular qualities found in
marine species are being used
to develop technologies that
serve our everyday needs.

For example an aerodynamic
car shape inspired from a
species of fish for its
hydrodynamic properties.

Yellow box fish and Mercedes-Benz-
Bionic

Fish By Norbert Potensky - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=2594309Ca
r By Ryan Somma -
http://commons.wikimedia.org/wiki/File:Mercedes-

Benz_bionic_car.jpg, CC BY-SA 2.0,
https://commons.wikimedia.org/w/index.php?curid=26016953

-
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Unbreakable windshields derived from oyster shell bioassays.

Oyster and car windscreens
Oyster and students Bob Moffatt Car http://gpcaraudio.com/gp-shatter-proof-windshields/



Ocean exploration, however, is
not randomly wandering in
hopes of finding something new.

It is disciplined, systematic, and
includes rigorous observations
and documentation of:

* Biological
* Chemical
* Physical

* Geological and
* Archaeological aspects of the
ocean.

CSIRO Current meter

Illustration CSIRO




Findings made through ocean exploration are fundamental to reducing unknowns in deep-
ocean areas and providing high-value environmental intelligence needed to address both
current and emerging science and management needs.

Deep sea smokers

By NOAA - http://oceanexplorer.noaa.gov/explorations/04fire/logs/hirez/champagne_vent_hirez.jpg, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=3597762 and Wet Paper



Exploration helps to ensure that ocean resources are not just managed, but managed well, so
those resources are around for future generations to enjoy.

For example significant coral nurseries have been found on seamounts which might lead to
seamount tourism expeditions in the future.

Davidson expedition seamont
By C. King/[1]/[2] - Direct link File page, Public Domain, https://commons.wikimedia.org/w/index.php?curid=11919009
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Information from ocean exploration is important to everyone. Unlocking the mysteries of
deep-sea ecosystems can reveal new sources for medical drugs, food, energy resources, and

other products.

Could conefish venom contain a cure for cancer?

Venom Venom
bulb  duct

Cone shell and venom gland

Photo Neville Coleman, lllustration Bob Moffatt



Information from
deep-ocean
exploration can help
predict earthquakes
and tsunamis and
help us understand
how we are affecting
and being affected by
changes in Earth’s
climate and
atmosphere.

Uniform California Earthquake
Rupture Forecast, Version 3

(UCERF3)

1/10

1/1000 1/100 1 10

30-year M=6.7 Likelihood (Percent)

Earthquake predictions

By Created by the WGCEP 2014 team, a collaboration of the U.S. Geological Survey, the California Geological Survey, and the Southern California Earthquake
Center. - http://pubs.usgs.gov/fs/2015/3009/pdf/fs2015-3009.pdf, Public Domain, https://commons.wikimedia.org/w/index.php?curid=48272904



Ocean exploration can improve ocean literacy and inspire young people to seek careers in science,
technology, engineering, and mathematics (STEM).

lVJ Griffith
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The challenges of exploring the deep ocean can provide the basis for technology and
engineering innovations that can be applied in other situations.

Wave converter
By JamesMCP [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0) or GFDL (http://www.gnu.org/copyleft/fdl.html)], from Wikimedia Commons



Yet even as the importance of
deep areas of the ocean in
our everyday lives continues
to increase, our knowledge of
these areas remains limited

In many instances, we are
“flying blind” when it comes
to management, regulation,
and resource use in deep-
water areas.

Yellowfin tuna
https://upload.wikimedia.org/wikipedia/commons/f/f9/Yellowfin_tuna_nurp.jpg



Give 5 reasons why we need to study the
oceans.




TO11 Resource managemen
and economic values




Syllabus statement

At the end of this topic you should be able to ...

understand that the economic development of a nation and the value
placed on marine environment, including the Exclusive Economic Zone
(EEZ), affects decisions relating to resource management.




Understand

- perceive what is meant by something; grasp;
- be familiar with (e.g. an idea);

- construct meaning from messages, including oral,
written and graphic communication.



Question

How are marine resource management decisions affected by the following
issues?

A. Sovereign rights

B. Developing energy resources

C. Food resources

D. Biosecurity

E. Climate change



Sovereign rights
International laws have granted each nation sovereign rights creating exclusive
economic zones.

World's exclusive economic zones, shown in dark blue

By B1mbo - Own work based on: World location map.svgBorders based on VLIZ Maritime boundaries and Internationalwaters.png, CC
BY-SA 3.0 cl, https://commons.wikimedia.org/w/index.php?curid=17194739
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Illustration Geoscience Australia



As a result we
can draw
maps of our
EEZ.

Note, our EEZ
includes
waters off
Antarctica and
off other
offshore
islands.

Australia EEC

Illustration Geoscience Australia
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The decision to draw maps is based on the
United Nations Convention on the Law of
the Sea (UNCLOS).

This law defines the rights and
responsibilities of nations with respect to
their use of the world's oceans,
establishing guidelines for businesses, the
environment, and the management of
marine natural resources.

United Nations Headquarters in New York

By Neptuul - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=31552107




Developing energy resources

Oil and gas extracted from our seas provides electricity for our nation.

VARANUS ISLAND
PROCESSING HUB

KARRATHA

VAN GOGH
NINGALOO VISION FPSO DEVIL CREEK GAS PLANT

*  PYRENEES VENTURE FPSO

WESTERN
AUSTRALIA
EXMOUTH

MACEDON GAS PLANT 0 50km

Quadrant energy oil and gas facilities WA

https://www.quadrantenergy.com.au/our-business/production-facilities/



Gas platforms drill
deep into the
ocean floor
extracting natural
gas offloading to
ships or undersea
pipelines that is
processed on
shore.

Harriet A gas platform
Image CSIRO




Gas is then delivered to our homes

Crown gas truck

http://crowngasny.com/delivery/crown-gas-truck/



To safeguard our
resources treaties
are drawn up
between nations.

For example the
Timor Sea oil and
gas Treaty.

Timor Sea
agreement

Illustration Geoscience
Australia
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The decision to share the resources of the Greater

Sunrise oil and gas field was brought on by
politicians.

The treaty was based on seafloor mapping.




Food resources
and security

Australians love seafood with
good profit margins when
supply is maintained

Seafood for sale

Photo Fisheries Queensland




Fishing resources
however are
limited and need
to be managed
to provide
seafood for the
future.

Australian Fishing
Zone showing the
location of
Commonwealth
fisheries

Australian fish management
authority
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Australian has
prawn
industries in
each state.
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These fisheries provide valuable income to our economy $263 million to the
economy.

State Tonnes (2015) Value (2015) No. Allocations [1] (2015)

NSW 1,306 $19 million 946 shareholdings

VIC 159 (2014) $1.8 million (2014) n/a

QLD 5424 $63 million 475 licence holders

SA 2,097 $36 million 52 licence holders

WA 2,979 $37 million 47 licence holders

ACT & NT 7,145 $107 million 114 vessels (NPF and Torres Strait)

[1] Australian fisheries & aquaculture statistics 2015

Prawn fishery values by State

http://australianwildprawns.com.au/australian-prawn-fisheries/



Decisions to protect this
industry are made by
government agencies. The
end result is a raft of
management strategies.

For example seasonal closure
directives.

Direction not to engage in fishing

http://www.afma.gov.au/wp-content/uploads/2017/03/Final-
NPF-Directions-and-Closures-2017.pdf

Australian Government

Australian Fisheries gement Authority

Subsections 414

NORTHERN PRAWN FISHERY (GEAR REQUIREMENTS)
DIRECTION No. 174

1, JAMES FINDLAY, Chief Executive Officer of the Australian Fisheries Management
Authority, as delegate, under Delegation from the Commission No. 2 of 2016 dated 14"
November 2016, make the following Direction under subsections 41A(2) of the Fisheries
Management Act 1991.

Dated: <5 © 2017
James Findlay
Chicf Executive Officer,
A lian Figsheries M Authority
Citation
) 5 This Direction may be cited as Northern Prawn Fishery (Gear Requirements)

Direction No. 174

Commencement

2. This Direction commences the day after it is registered on the Federal Register
of Legislative Instruments.

Cessation
3. This Instrument is repealed on 30“ June 2026 unless revoked earlier.

Northern Prawn Fishery Directions and Closures 2017

afma.gov.au TRk




Biosecurity

Disease can also
decimate prawn
aquaculture industries

Prawn white spot
disease

http://www.outbreak.gov.au/current-
responses-to-outbreaks/white-spot-
disease




. . . White Spot Biosecurity Area 1
Decisions to drain ponds, UL e i

kill affected prawns and spot biosecurity area
restrict movements of o ‘
species are made by
governments to protect
the industry.
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= Local Government Areas

and Suburbs outside of
Biosecurity Area 1

The following Local Government
Areas are entirely outside
Biosecurity Area 1
Brisbane City Gold Coast City
Logan City Moreton Bay
Ipswich City Regional Council

BRISBANE

Capita
_, Movement restrictions,

The following suburbs from Sunshine
Coast Regional Council are entirely
outside Biosecunity Area 1:

Bells Creek Glass House

Beerburrum Mountains
Beerwah Golden Beach
Booroobin Kings Beach
Bribie Island Landsborough
North Mount Mellum
Caloundra Moffat Beach

Caloundra West Peachester
Coochin Creek  Pelican Waters
Crohamhurst Shelly Beach

Parts of the following suburbs (south
of and including Caloundra Road) from
Sunshine Coast Reglonal Council are

outside Biosecurity Area 1
Glenview
maovement restrictions Meridian Plains
{romdation S4C) apphi Little Mountain
Rrale 00 /2017, The term offshore refers to of the lowest tide mark
Co-ord Sys. GCS GDA 1994  This boundary extends from 100m offshore of Tooway Creek at Moffat Beach, around
Datum: GDA 1894 Caloundra Head 10 the southem tip of Caloundra Head across to the northern tip of
Units Degree Bribie Istand, then 100m offshore of the norther and eastern shores of Bribie Island
fo latitude 27°05.08' south on Bribie Island’s eastern shore (Skirmish Point

X% S N approximately latitude 27°05.08" south, longitude 153°12 43 east) )

i i i et Shore i e 27703 56 souh (Combourt Pont spproxmael lattuse 27703 65
Iite Spo I0SeCcurity area Queenstand o

https://www.daf.qld.gov.au/__data/assets/pdf_file/0007/ m::immen T— isiand and down he easten shore oferelon and Siacbioe sands and contnos

This boundary then extends easterly following the 100m fine offshore of Moreton
1255525/white-spot-biosecurity-areal.pdf o o Ve T g bt et e v




Climate change

The threat to ocean and coastal ecosystems and human habitats may also increase as result of

climate change.
Decisions have been made by councils now to require building surveyed floor levels to take into

account sea level rise.

5 &%‘%};\é\z‘%ﬁﬁ

.

Surveyed Floor Level

_/ v

cmemimimemr oo e —.Designated Flood Level

Ground Level at centre of property X 50, o0, SN
Approx Mean Sea Level 0.0mAHD

Surveyed level for buildings

Illustration Gold Coast City Council



Decisions to protect the Great Barrier Reef involving tree clearing legislation are political.

Martin Taylor, WWF

Drone footage taken this week by WWF shows the trees clearly bulldozed over.

A Aftermath of land clearing in Great Barrier Reef catchment - video

Tree clearing Mackay region

ImageWorld wildlife fund, Image Martin Taylor



Question

Write three sentences to describe how marine resource management
decisions affected by the following issues?

A. Sovereign rights

B. Developing energy resources
C. Food resources

D. Biosecurity

E. Climate change
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Syllabus statement

At the end of this topic you should be able to ...

|dentify that coastlines are shaped by a number of factors, including

tectonic plate movements, shifts in climate patterns and sea level change,
weather patterns, and movement of sediments and water (e.g. waves and
currents).




Identify

- Locate, recognise and name;

- establish or indicate who or what someone or
something is;

- provide an answer from a number of possibilities;

- recognise and state a distinguishing factor or
feature.




Question

Identify and give examples of how following have shaped the Australian
coastline.

A. Tectonic plate movements,
B. Shifts in climate patterns and sea level change
C. Weather patterns

D. Movement of sediments and water




Tectonic plate movements

Anticlines in Western Australia show that sandstone has been folded by tectonic plate movements
into an arch like structure with igneous rocks at the core.

Nares Point WA

Photo Bob Moffatt



In Queensland molten lava from numerous eruptions along the Great Dividing Range,
spread in all directions, some flows reaching the present coastline.

Erosion and weathering then left behind a series of volcanic plugs, rocky headlands and
bays.

gt
ML Sy

Tectonic
iC

Great Dividing Range volcanic landscape
Adapted from South East Queensland Geology Society



Slow cooling of thick lava resulted in shrinkage and cracking into a variety of rock types and
many slid and rolled to the water’s edge. These can be seen as large basalt boulders.

Basalt boulders Qld Coastline

Photo Bob Moffatt




Sediments also were formed millions of years ago and we folded and mixed with igneous rocks by
great forces of subduction.

Sandstone, mudstone, altered
basalt;jand Lbeds of crystalllzed

'ﬂ" - W “ Syres
F% % e ' &
e z - o - 5
o -~
)
£

Snapper rocks tectonics
Photo Bob Moffatt



Offshore islands in Queensland such as Magnetic Island formed when molten granite was pushed
to the Earth’s surface with volcanic force. Over time the overlying volcanic rocks weathered away.

Magnetic Island

Photo Tourism Queensland



The underlying granite mass has decomposed along fracture lines, creating today's extraordinary
landscape of rounded domes and boulders (tors), many of which are larger than a house and
spectacularly perched.

S

Magnetic Island

Photo Tourism Queensland




Shifts in climate
patterns and sea
level change

All of the continental islands in
Queensland were once hilltops on
an extended coastal plain.

Rising sea level isolated these
hilltops to make them islands.

White sandy beaches, rocky
headlands and coral reefs fringe
most of these islands.

Great Kepple Island

By Stuart Edwards - Own work, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=3219905



Queensland coral cays, fringing and ribbon reefs
also formed as the result of sea level rise.

Reef development
Illustration Bob Moffatt
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The live coral is a thin veneer on ancient coral growths.

North west island — a patch reef, Lizard Island - fringing reef

North West Island (photo Bob Moffatt) and Lizard Island (photo Great Barrier Reef Marine Park Authority) Copyright reproduced with
permission



Millions of years ago Antarctica
had mountain ranges that rival
the modern-day Himalayas.

5 e g
NWW.decpreef.org

- —
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These mountain ranges were
eroded with the resulting sands
being accumulated on the = T
continental shelf where Fraser ~ - 5 4 -

Island now lies. =Y e -2

Frazer Island and continental shelf

Attribution Deepreef.org Copyright of the commons 4.0
International (CC BY 4.0)




Periodic changes in the Earth's temperature created changes in sea levels.

Sand from the exposed continental shelf during these ice ages was blown up into these
massive sand dunes.

Frazer Island sand dunes
Photo Bob Moffatt



Weather patterns and weathering

Weather patterns constantly | | ,

e g T Madden-Julian
move sand from place to place T e
on beaches. R 45

The prevailing south east trade
winds move sand northwards
continually changing coastal
bars and beaches.

Qld trade winds

Illustration Australian Government Department of Agriculture




These trade winds keep coral cays at the North West end of reefs.

Sandimeyesito DFIS’

endleifcernalicay,

) ‘Broomfield
~ Wilson  Reef
Island Reef .
North West
Island Reef -

. "

Prevailing winds

Heron Reef

North West and Heron Island map
Illustration Bob Moffatt



In mechanical weathering, waves, wind and coastal currents are continually reshaping
the coastline.

Waves create wave cut platforms which can be seen all along the Queensland
coastline.

Wave cut platform Noosa
Photo Bob Moffatt



Chemical weathering is caused by chemical reactions (chiefly with water and
substances dissolved in it.

Halimeda

Halimedia

By Alberto Romeoalbertoromeo@neomedia.ithttp://www.romeofotosub.it - Own work (personal work), CC BY 3.0,
https://commons.wikimedia.org/w/index.php?curid=4660367For example the reef algae Halimedia disintegrates coral into sand.



Wind and rain also breaks boulders and shapes coastlines.

For example weathered siltstone and columnar basalt lava flow.

-

e -

Weathere dﬁSiltston'e

Siltstone Bob Moffatt. Fingal By code poet on flickr. -
https://www.flickr.com/photos/alphageek/20005235/, CC BY-SA 2.0,
https://commons.wikimedia.org/w/index.php?curid=666823



Moving glaciers also causes massive weathering of mountain ranges, for example the fiords
of New Zealand.

NZ Glacier and fiord

Photo Bob Moffatt



Movements of sediments and water

Sediments can be made from weathered rock, animal remains or behaviours.

Dolphin
vertebrate

’ | Island

Wave
: patterns . Shell part’
S Fish. - Seaurchin .+ -coral

tooth “spine R

Ways sand can form

Illustration Bob Moffatt



Weathered rocks in mountain ranges roll down rivers gradually forming sand.

This type of sand is called non-carbonate sand and contains minerals.

Non-carbonate sands are made from the eroded rocks
Photos Left QUT, Sam Smith, reproduced with permission L, Bob Moffatt R



Non-carbonate sands accumulate on all beaches in Queensland

Watedmoev.ement
caluseskthisibeach

Water movement causes a beach
Photo Bob Moffatt



Movement of sediment is greatest in high wave energy areas such as the Gold and
Sunshine Coasts, but also occurs on all Queensland beaches.

Beaches low energy Bagara left and High Noosa Right

(L) By Eug - Own work, CC BY 3.0, https://commons.wikimedia.org/w/index.php?curid=24758481 (R) By Murray Waite and Associates Viewfinder



Wind also blows sand g A =4 . oS <
along beaches, offshore Onshore winds blow ;

and into sand dunes. sand into sand dunes

Onshore winds blow

sand into dunes
Photo Bob Moffatt



Sediments can also be made from animal remains or behaviours.

Parrot fish eats coral
Photo Bob Moffatt



Sand from animal remains or behaviour is called carbonate sand and can be seen on offshore
islands and reefs.

Starfish

Halimeda
exoskeleton

Dolphin
vertebrate
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Carbonate sand formation
Illustrations Bob Moffatt, Steven Byers



This sand can accumulate on beaches providing a barrier to erosion.

Lady Elliott Is and beach

Photo Bob Moffatt



Question

Identify and give examples of how following have shaped the Australian
coastline.

A. Tectonic plate movements,
B. Shifts in climate patterns and sea level change
C. Weather patterns

D. Movement of sediments and water
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Syllabus statement

At the end of this topic you should be able to ... recognise tidal

movement in terms of gravitational pull, current strengths and wave
actions.




Recognise

- identify or recall particular features of information
from knowledge;

- identify that an item, characteristic or quality
exists; perceive as existing or true;

- be aware of or acknowledge.




Question

Recall how tides are created by
A. Gravitation pull
B. Current strength and

C. Wave action




Gravitation pull

Tides are the periodic rise and fall of the water on the earth’s surface and are actually one
big wave caused primarily by the gravitational pull of the moon.

The Earth spins into this wave and causes the water at the edge of continents to rise and fall
on a regular basis.

\oW fide

\Wave California

¢J\/

Moon

Australia

Wavelength

Tides are one big wave

Illustration Bob Moffatt



This gravitational attraction causes two main types of tide - daily and monthly with
big variations around the Australian coastline.

JUNE JULY
Tides over the Time m Time m Time m
0518 1.07 0505 0.45 0530 1.03
Dailv tid month 16 Y104 441 1060 496 107136 438
ally tides . SU 1706 084 MO 1701 011 TU 1717 086
Lhova s i LOW tldes Q 2322 5.50 O 2315 6.27 e 2331 539
0427 073 0515 0.64 1 0551 1.15 0555 0.36 {7 0599 107
1012, 504 1059 4.98 1135 4.30 1140 496 17 1144 432
SA 0.27 SU 1712 028 MO 1734 097 | TU 1750 015 WE 1745 0.94
: , 6.06 O 2327 (811 2353 537 2359 528
High tides 0603 0.64 0621 1.26 s DS 0625 1.13
n4s a8 | 18 1205 478 | High'tide' 18 7513 429
MO 1758 039 | TU 1802 112 | p o Y 1814 1.07
eight drops
AUSTRALIA OUTER HARBOUR g P
! X 0014 6,04 0022 5.21 0050 6.03 0027 5.14
LAT 25°57'S LONG 153° 04’ E ) 0654 0.71 19 0650 1.37 0731 0.46 19 0653 1.20
1240 4.69 | WE 1235 4.07 | TH 1322 4.79 FR 1245 422
TIMES AND HEIGHTS OF HIGH AND LOW WATERS 1845 0.60 1831 1.30 1929 0.60 1845 1.25
0102 (5.85 20 0052 502 0140 5.71 20 0056 4.94
0746 0.83 0722 1.48 0821 063 0723 1.30
WE 1335 452 | TH 1309 396 | FR 1417 465 SA 1317 413
1938 0.88 1904 1.51 2021 0.95 1919 1.48
0157 /558 9 0127 4.81 0233 5.31 21 0130 4.70
0843 0.96 0759 1.59 0915 0.82 0800 1.40
TH 1437 439 | FR 1351 3.85 | SA 1518 454 SU 1400 404
2037 1.7 1945 175 2122 131 2001 1.73
+ v
0257 15,30 29 0209 4.58 0333 4.90 29 0212 4.44
0945 1.03 0845 1.68 1015 0.97 0845 1.50
FR 1545 436 SA 1445 378 SU 1628 451 MO 1457 3.99

2146 1.41 2038 1.98 2236 1.58 2100 1.95

Tides tables day and month comparison
Illustration Bob Moffatt



Daily tides are caused by the position of the moon and the rotation of the earth.

There are five hours and fifty two minutes between tides.

A high tide occurs when we spin into the tidal bulge.
An low tide is when we spin out of it.

DAY NIGHT

High tide High tide

/ High tide

5 Ztes:

Hightide 1436 207
2040 1.06

Daily tides

Illustration Bob Moffatt



When the tide comes in it is said to be flooding.

When it goes out it is said to be ebbing.

Tide flooding lide_ ebbing

Tides flooding and ebbing

Photos Bob Moffatt



This difference in height occurs because the Earth spins through two different
heights of tide and is called the tidal range.

One height is higher because the point above the tide is directly below the

moon. The other height is caused by the earth’s centrifugal force and is slightly
lower.

This tide is higher becasue it is
closer to the moon

/ 0210 2.64

085 L2 0210 2.64\ 0855 1'26
\'\ TU 1436 2.27
B o). @ 2040 1.06

2040 1.06

Daily tides

Illustration Bob Moffatt



Tides also vary over the month. If you plot the tides over a month you will noticed a change in
tide heights.

There are two spring tides and in the month.

5r Tide heights for March Hypothetical Bay |

!::1 H | MM H 4
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ig“‘

VT

2 | 4 U
-3—“..[.,,,.mwm | MH“M — l 1 V

|

Tide graph over a month
Illustration Bob Moffatt



Spring tides occur where the gravitational pull of the Sun and the Moon are combined and
the tides are at their highest (high highs and low lows).

These tides occur when the Moon is in full or new Moon phases.

'\‘ Earth’s orbital path
N

Sping N .. Spring tides

Spring
~ Q tide 4.@-’ e

Spring tides

Illustration Bob Moffatt



Neap tides occur during a first-quarter Moon and again at the last quarter Moon phase,
the Sun is at right angles to the Moon. These are smaller tidal ranges (low highs and
high lows).

1

\ Earth's orbital path

!
ey Neap tide
?Moon
Spring \‘\.‘ e
tide :C}:\
S Neap tide
Neap tides

Illustration Bob Moffatt



Flooding and ebbing tides create currents.

You can read more at
https://oceanservice.noaa.gov/education/tutorial_currents/02tidall.html

High Tide

High Tide

Tidal |Range Tidal |Range

Low Tide

FLOOD CURRENT i Ll o FLOOD CURRENT s

Tide flood and ebb currents

https://oceanservice.noaa.gov/education/tutorial_currents/02tidall.html



Current strength

In areas with large tidal ranges or experiencing storms, currents form and flood and neap tides
can flow in many different directions due to the ocean topography
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Hillsborough Chart tidal current

Credit: Hydrographer for the Navy



This can effect a ships speed through the water and accurate constant readings need
to be taken when entering ports.

Speed through the water
Speed as calculated by satellite

247 5N
475 WSS C°°  243.0{SOGRNEGSES

CURRENT LOG

' Di.st‘anee‘through
the water

Effect of tidal currents on navigation
Photo Bob Moffatt



Strong tidal currents can form
when large rises and falls occur in
tide height in narrow channels or
around headlands.
Bay
This current can be very strong
when water flows through a
narrow channel or headland. /

These are usually well marked on f
local charts, which also show the

speed of the current. ﬁﬂ/ Area of rip

Headland rips and tides

Illustration Bob Moffatt



Wave action

In Queensland, the tidal range can play a big factor in tidal stream creation, as the tide wave moves
over different areas of the continental shelf.
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Tide comparisons Cairns Mackay
https://www.deepreef.org/bathymetry/65-3dgbr-bathy.htmIBeaman, R.J., 2010. Project 3D-GBR: A high-resolution depth model for the Great Barrier Reef and Coral Sea.
Marine and Tropical Sciences Research Facility (MTSRF) Project 2.5i.1a Final Report, MTSRF, Cairns, Australia, pp. 13 plus Appendix 1. Tides graphs Bureau of Meteorology



The tidal range in Mackay is much greater than that of Cairns because of the larger length of the
adjacent continental shelf.

Cairns e

Mackay A —
(Continental[shelf; Cairns — Mackay tide comparison

Illustration Bob Moffatt

You can read more at

Tides and the continental shelf
https://www.americanscientist.org/sites/americanscientist.org/files/2005428111736_306.pdf



Large waves in storms can cause tidal (storm surges) surges.

This is because the sea level rises due to lower pressure of the cyclone above or near the shore.

NORMAL HIGH TIDE
Storm tide
| Storm surge
Mean sea level Mean sea level
Low tide Low tide

Storm surge and tides

http://www.bom.gov.au/cyclone/about/stormsurge.shtml

You can read more at
http://www.bom.gov.au/cyclone/about/stormsurge.shtml



Question

How does each of the following affect tides?
A. Gravitation pull
B. Current strength and

C. Wave action

Use diagrams to illustrate your answer.
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Syllabus statement

At the end of this topic you should be able to

Define

sand budget and longshore drift.




Define

- give the meaning of a word, phrase, concept or
physical quantity;

- state meaning and identify or describe qualities.




Question

State meaning of following terms and giving examples of where they occur
on our coastline

A. Sand budget

B. Longshore drift




Sand budget

A sedimentary (or sand)
budget is a coastal
management tool used to
analyze and describe the
different sediment inputs
(sources) and outputs

(sinks) along our coastline. :

Windtransport:

Sand budget Gamng:

By User:Oikos-team - Own work, Public Domain, LOSSES-
https://commons.wikimedia.org/w/index.php?curid=19
987607




Budgets are used to predict changes in any particular
coastline over time.
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Southern Gold Coast 1947 1969

Photos Geoscience Australia



Within a coastal environment the rate of change of sediment is dependent on the amount of
sediment brought into the system versus the amount of sediment that leaves the system.

feaving

Sand entering and leaving

Photo Geoscience Australia




These inputs and outputs of sediment then equate to the total balance of the system and more
than often reflect the amounts of erosion or accretion affecting the shape of the coastline.

<

E:sion

P ppeieCe =

Sand dune erosion and accretion
Photo Bob Moffatt




To assess the
sedimentary budget the

. River, supplying sand

coast has to be divided
into two separate

; Sand,transport
morphologies, Sand transport]

“Headland ” _Headland
commonly known as
littoral cells and
COmMpartments.
WitterallCell

Littoral cell

Illustration Bob Moffatt and NOAA



Littoral cells can either be free or fixed and can occupy a hierarchy of scales, from
individual rip cells to entire beaches.

Currumbin estuary with sand cells
Photo Murray Waite and Viewfinder



Sediment compartments can usually be
defined as two rocky barriers which mark
the ends of a beach and have a fixed
sediment budget, although usually leaky to
some extant.

Alexander Bay Noosa

Photo Murray Waite and Viewfinder




There are various
types of natural
sources and sinks
within a coastal
system.

Sediment
sources can
include river
transport.

Rivers are a
sediment source

Rivers as a sediment source
Photo Bob Moffatt



Sediment sources can include sea cliff erosion.

12 Apostles

Photo Tourism Victoria



Sediment sources can include longshore drift into an area.

Sediment{sourcel-llongshoreldrift

Longshore drift - sediment source
Photo Bob Moffatt




Sediment sinks can include longshore drift of sediment away from an area and sediment deposition
into an estuary.

Sediment sinks Bustard Head
Photo Bob Moffatt




In one Australian State, studies
have shown that 500,000 cubic
metres of sand move in the sand
system each year.

The amounts will vary and depend
on the energy that the beach
experiences.

High-energy beach systems will
move more sand than low energy
sand systems.

Delft report cover

http://www.goldcoast.qld.gov.au/documents/bf/coastal-
erosion-related-problems-voll.pdf




Anthropogenic
activities can also
influence
sedimentary
budgets.

In particular,
engineering
solutions such as
building groynes or
development
including building
of houses on sand
dunes.

Kirra beach 2008,
1994

Photos Bob Moffatt

Same beach, different sand
budgets



In contrast beach nourishment can increase sediment source.

Dredge Kirra

Photo Bob Moffatt

You can read the full article at
https://en.wikipedia.org/wiki/Sedimentary_budget



Longshore drift

Longshore drift is a geological process that consists of the transportation of sediments (clay, silt,
sand and shingle) along a coast parallel to the shoreline, which is dependent on oblique incoming

wave swell direction.

e "

Pathiefisand par’mcles 5
"".,,,/‘ 0‘1"' “ Mm¢;.,.,

f\,{. > 2o

DI T R

T WA . "

Swell direction

A o o

Longshore drift

Bob Moffatt



Oblique incoming wind
squeezes water along the
coast, and so generates a
water current which
moves parallel to the
coast.

Longshore drift is simply
the sediment moved by
the longshore current.

Longshore drift

By USGS/USGov, modified by Eurico Zimbres -
http://commons.wikimedia.org/wiki/Image:Longshore.gif, Public

Domain, N . . ' BeaCh

https://commons.wikimedia.org/w/index.php?curid=826142




This current and sediment movement occur within the surf zone.
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Surf zone
Photo Bob Moffatt



Beach sand is also moved on windy days, ending up on the opposite side of the wind's
direction.

Sand blows along a beach
Photo Bob Moffatt




Breaking surf sends water up the beach (swash) at an oblique angle and gravity then drains the
water back to the sea.

i R

NP

Breaking wave pushes sand onto a beach
Photo Bob Moffatt

You can read the full article at
https://en.wikipedia.org/wiki/Longshore_drift



Evidence of longshore drift movement of sand has be seen at Kirra on the Gold Coast when a

groyne was built.

drift Evidence of

longshore drift can
be seen in sand flow
-, if a Gryone is built.

https://www.tweedsandbypass
.nsw.gov.auf
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Evidence for
longshore drift

Photos NSW Illustration Bob
Moffatt
https://www.tweedsandbypass.nsw.
gov.au/



Questions

What do the terms sand budget and longshore drift mean?

Give examples of each from your local beach.
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Syllabus statement

At the end of this topic you should be able to ... dEfine refraction,
reflection and diffraction.




Define

- give the meaning of a word, phrase, concept or
physical quantity;

- state meaning and identify or describe qualities.




Question

Define the following terms giving examples of their relevance to coastal
planning and recreation.

A. Refraction
B. Reflection

C. Diffraction




Syllabus definitions

Refraction a property of wave interference whereby the wave changes
direction after passing from one medium to another (i.e. deep to shallow
water).

Reflection a property of wave interference whereby the wave changes
direction after bouncing off a barrier.

Diffraction a property of wave interference whereby the wave changes
direction after passing through an opening or around a barrier.




Explanation

Refraction in the ocean is the change in direction of waves that occurs when
waves travel from deep to shallow water.

Reflection of ocean waves is the change in direction of a wavefront as it strikes
something in the water and so that the wavefront returns to the water.

Diffraction of ocean waves is the bending of waves around obstacles and
openings




Refraction

As waves pass into shallow water they slow down, increase in wave height and decrease in
wavelength.

Shallow water

Waves from deep to shallow water
Illustration Bob Moffatt



This effect is called refraction and occurs around headlands.

Deep water

Waves refract around a headland
Photo Bob Moffatt
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Waves refract around a headland

Photo Geoff Jensen




Reflection

A wave which bounces straight back on itself after striking an object straight on is called a
reflected wave.

Rocks }

Wave reflection |

>

Wave reflection

Photo and illustration Bob Moffatt



Large storm waves
travelling from deep
water striking
headlands expend a
tremendous amount
of energy on the
structures they hit.

Storm waves reflect
Photo Tim Ryan




Boulder walls constructed to protect essential services along beach fronts such as
power cables and water pipes need special engineering to withstand these forces.

Special engineering is required §
to withstand the force of
" reflected waves | [

Boulder walls and reflected waves
Photo Bob Moffatt



This reflection often results
in the shaping of
headlands to form wave
cut platforms.

Bells Beach in Victoria, is
an example of a platform
cut by reflected waves.

Bells Beach

Photo Joli photography



Diffraction

The apparent bending of waves around a sharp point or the spreading out of waves in a
bay is called diffraction.

1 ‘:'»-'ea pa— "*:u.t
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Wave diffraction examples
Photos Bob Moffatt



The wave turns due to
changes in the wave
height along the crest.

Wave diffraction

Illustration Bob Moffatt

Advancing
waves

Island

Wave crest

4%

Waves unchanged




The direction of spread
by drawing lines at right
angles to the wave
crest, called
orthogonals.

9 If‘fl‘aCtI J RN Orthagonals

QAT

/=

Orthogonals

Illustration Bob Moffatt



These orthogonals
help coastal engineers
plan boat harbour
designs, rock walls,
foreshore
developments and
beaches.

Qrthogonals help engineers
plan boat harbours
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Boat harbour
Photo Bob Moffatt



A safe berth should have very little wave action and hence the rates of
diffraction need to be as small as possible.

You don’t want waves in a marina when embarking
Photo Bob Moffatt



Question 1:
Redraw this diagram in your notebook
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Submarine G
Wave crests depression offshore Submarine ridge

offshore

Definitions summary
Illustration Bob Moffatt



Question 2:
The write a definitions for diffraction, reflection and refraction
and list places on your local coastline where they occur.







Syllabus statement

At the end of this topic you should be able to ...

Describe

the factors of wave action, wind and longshore drift
in

the management of the movement of water, nutrients, sand, sediment
and pollutants (e.g. oil spills, debris)




A\

Describe )‘(

- give an account (written or spoken) of a situation, event, pattern or process,
or of the characteristics or features of something.




Objective

Describe how waves, tides, longshore drift and wind manage the
movement of the following along our coastline

A. Water

B. Nutrients

C. Sand

D. Sediment

E. Pollution




Question

Summarise your account in a table.

Management of Management of Management of Management of Management of
water movement nutrient movement sand movement sediment pollution
movement movement

Longshore drift




Many materials start in mountain ranges and are washed to the sea by river.

Big boulders are made smaller and end up as sand.
Minerals such as phosphorus are also washed down rivers.

Rocks on land are reservoir for phosphorus. mﬁ!@m
Weathering releases inorganic phosphate phosphorus onto m

to sand grains which flows down rivers and
is carried to the beach by wave action. \ /\€<\\
/ ﬁ\ Longshore current
\ —————
gl moves sand

Sand containing
phosphorus

/

Mountainirange

Phosphorus and sand enters a beach system
lllustration Bob Moffatt



Wind can cause water to lump up if it blows onto
the beach (called onshore)

On shore surf conditions

Onshore surf conditions.
Photo: Bob Moffatt



Wind can cause water to smooth out if it blows away
from the beach (called offshore)

‘. -

,Offshore surf conditions

st — ‘ e

Offshore surf conditions.
Photo: Bob Moffatt



Longshore drift moves sand along the coastline into spits and into estuaries.

Photos: Bob Moffatt and Qld Fisheries



Waves move water into an estuary

Wavesimovelwaterdinto
anfestuary,

Photo: Bob Moffatt




Tides move water in and out of an estuary

Tides'move water,in an estuary

Photo: Bob Moffatt




When wind blows over these tides water to lumps up slowing nutrient movement

When wind blows with tides it flattens out waves making nutrients on the surface blow quicker.

Wind over tide

Bob Moffatt



Waves break over rocks bringing plankton (nutrients) for rock pool life (eg barnacles).

Waves move water into rock pools
Bob Moffatt



Planktonic larvae is food for barnacles as waves break over the rocks.

Barnacles feed on nutrients
Photo: Deep Voyage



Waves also move water into a reef lagoon bringing nutrients to reef organisms.

\Wavesimovelwateinto
afreeijlagoon

Waves move water into a reef lagoon.
Photo: Bob Moffatt



Longshore drift carries water and moves sediment along the coastline.

Longshore drift currents.
Photo: Bob Moffatt



Longshore drift also moves planktonic larvae (nutrients) from one ecosystem
to another.

Calanoid copepod
Photo ANARE



Wave direction moves sediment on a beach. Longshore drift transports sand along a beach
at an angle gradually moving in the direction of the waves.

Beach

Wagy,
ysemyoeg

Movement of sediment on a beach.
Illustration: Bob Moffatt



Long shore drift moves
sediments past headlands and
into bays where sand is
dropped in littoral cells

Direction of drift

Photo Murray Waite




Sand sink river mouth

Photo Murray Waite




Waves and Longshore drift can move water in rips in different directions into rips.

_Rip current

T T .
i

o

Rip,;current

Incoming
broken waves

No-wave zone

Rip current

Rip current

Photos and illustration: Bob Moffatt



Sediment

Big waves move sand off the beach
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Waves erode beach
Photo: Bob Moffatt



Waves can erode
sediment from
cliffs.

Waves erode cliffs

Photo: Tourism Victoria




Longshore drift can carry these sediments at different rates:

a. Bigger grains are found in the surf zone
b. Smaller grains are found offshore. The further sediments are found offshore the

less likely they are to be influenced by longshore drift.

Longshore drift has =
" little affect on ==
sediments at depth s v

":r

i - —

N.l__..uz_

. Longshore arift will e s
= affect sedlments here |

Sediment movement compared close and offshore.
Photo: Bob Moffatt



Longshore drift can disperse nutrients along the coastline for many kilometers. For example
the drift can move mangrove seeds which die and provide food for microorganisms on a
beach.

Mangrove from
e ——  [omERhere cliit———
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Photo Bob Moffatt




Longshore drift can also disperse algae blooms dispersing reproductive cells and larvae.

Algal bloom in surf zone

Photo: Bob Moffatt




As waves move towards the beach their orbit fields interact with the sea floor.

crest

\\‘ length

trough
Orbit fields Q

Orbit fields

Illustration: Bob Moffatt



The orbit field pulls the sand back.
The incoming wave orbit field catches the sand and pushes it forward.

Incoming wave a short time later To beach >

Incoming wave \

Wave orbit field

becomes elliptical Q

Offshore Q S Q"-‘r,'_ )

sandbank Laih el -
A /V- 2 Q o
ol DLl o ol NN e ('..'.:l;'u:,. ."44 LS LR *

Waves momentum carries sand past original
Incoming wave orbit Orbit field position and drops it a little bit closer to shore
field catches sand and  pulls sand

pushes it forward gack

Bob Moffatt



In calm wave conditions the orbit fields carry on to
push sand past its original position

Wave stops,
To basici > microridge forms

Sand carried up
beach in broken wave
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Bob Moffatt



A characteristic of the swash zone is the wave bore which carries this sand up the
beach and when it stops forms a microridge.
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\Wavelborellindergwave)
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Bob Moffatt




These are found all over the world

Bob Moffatt



Now on hot days, this sand dries and if onshore winds occur, this sand is blown into
dunes. These dunes act like a sand reservoir that can become available to the
coastal system during periods of storm.
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Bob Moffatt



Wind blowing sand along along the beach

Bob Moffatt




The shape of primary
dune plants reduces the
wind velocity causing
sand to accumulates at
the base of these plants.

Bob Moffatt




Nutrients in sand also accumulate in primary dune plants.

For example phosphorus is extracted by coastal spinifex.

Spinifex Inorganic phosphate

/

Roots of the plant actually seek out the phosphorus on sand grains which have been carried
down the rivers and washed onto the beach by wave action.

Bob Moffatt



Nitrogen is also extracted by Casuarina root nodules.

| Atmospheric fixation by bacteria in
nodules in she oak root system

Atmospheric Nitrogen

Bob Moffatt



If onshore winds are strong enough, sand blows into secondary dune plant branches and
leaves which reduce the velocity and falls to the bottom of the dune.
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Large dune system can form in this way.

Bob Moffatt




Waves and
Pollution

Waves can break up ships
in storms.

For example oil tanker
pollution.

Waves break up ship.

Photo: AMSA




Longshore drift and pollution

Longshore drift can carry pollutants for many hundreds of kilometres.

Marine debris on the Hawaiian coast By NOAA —
http://marinedebris.noaa.gov/marinedebris101/photos_ecosys.html, Public Domain, https://commons.wikimedia.org/w/index.php?curid=3834865



Wind and pollution

Plastic bag blows into sea.
Photo: Bob Moffatt




Copy this table into your notebook and indicate which features relate to your local coastline.

Management of
water movement

Management of
nutrient movement

Management of
sand movement

Management of
sediment
movement

Management of
pollution
movement

Wave action

Longshore drift

Waves can move
water up and down
the beach in the swash
zone, into rock pools,
into a lagoon, into an
estuary or along the
coastline or in rip
currents

Longshore drift moves
water along the
coastline

Wind over tide backs
up water, creates on
and offshore surf.

Move water in and out
of estuaries

Waves break over rocks
bringing plankton for
filter feeding barnacles

Longshore drift moves
planktonic larvae from
one ecosystem to
another

Wind blows plant seeds
from place to place

Deposit nutrients at
high tide

Waves move sand
onto the beach

Longshore drift moves
sand into spits and
into estuaries

Wind blows sand into
sand dunes

Exposed sand from
spring tides with
strong winds creates
dunes

Waves move sediment
in wave bores into
microridges

Longshore move
sediment along the
coastline

Wind dries sand on
beach in microridges

High tidal range causes
greater movement

Waves break up
containers, ships
grounded

Longshore drift
moves debris along
the coast and into
river entrances

Wind blows plastic
bags into the sea

Tides into and out of
a river can slow
pollution dispersal
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Syllabus statement

At the end of this topic you should be able to ...

CondUCt a beach profile/dune transect and

use sand seives to decide on sphericity of sand
grains




Conduct

- direct in action or course;
- manage;
- organise;

- carry out.




Question

Are sand grain sizes different on a beach?
Experiment
Test the hypothesis that the sand grain size at the

bottom of a beach is significantly different than on
the top of the beach.




Null hypothesis

There is no significant difference between sand grain sizes at the
top and bottom of a beach.

Research hypothesis

There is a significant difference between sand grain sizes when
comparing samples from the top and bottom of a beach.




Study site

Bob Moffatt



Sample sites

‘Bottom’;

&

sample

T

Bob Moffatt



Risk analysis

Consult school WPH&S for school excursions to a beach.

Follow control measures for local beach conditions.



Sun dried samples

Bob Moffatt



Equipment — home made slides from Danny Stevens
(PBC) office works wedding invitation paper

Bob Moffatt



Method Stereo mic — shake the sand until it is evenly distributed

over the slide or paper

Bob Moffatt



Count the numbers of sand grains in the squares (if a sand grain was partly in a square it was
counted).

Bottom

Bob Moffatt Bob Moffatt
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Calculations — use excel formula builder to perform T test.

@06 Formula Builder D

[ i ] b

2
[Qv Search for a function )

Ask your

Most Recently Used m 7 teacher

TTESK | how to do
» TTEST )

SUM | this.

LN ’

LOG L

AVERAGE -
Description

Returns the probability associated with a
Student's t-Test.

SYNTAX: T.TEST(arrayl,array2,tails,type)

More help on this function
Arguments

array
array

number.

number

- Results




Exercise 4.2 Sand per cent
composition

Blased Ga s gl excecase by 156h Moffah

In this experiment you are going to work out where
the big sand grains are on the beach that you collected

in Exercise 4.1 A. For beaches

with fine sand
MATERIALS AND EQUIPMENT (PER GROUP) gLins
* Sieves — Note:
For beaches with fine sand grains
- sieves of sizes, 300 g metres, 250 ¢ metres,
200p metres (See Figure 100.1A)
For beaches with larger grain sizes
- sieves of sizes, 600 p metres, 400 y metres,
200 metres
- or larger sieves as shown in Figure 100.1B
* aluminium pie dishes labelled as follows:
- subsample, >300 gem, 250 pm, 200 pm, < 200 o a = ' B. For beaches
Jum aymed N : with Jarger
*  2ice cream containers - : SN S1ees
* completely dry sand samples from top, middie and
bottom of beach in plastic zip top bags

* lab balance

* 4 aluminium pie dishes or plastic jars as shown in : : :
- P P ] Figure 100.1 Materials necessary to make sieves
Figure 100.2. (Pootos Bob Moffat - A, Gl Femveu 1)



FIELD WORK HINTS

l.

o

Often it 1s impractical to take a balance into the field.

In this case the use of small plastic containers as shown in
Figure 100.2A may be of assistance.

You will need a labelled container for each sieve as shown and
use a rough estimation as shown i Figure 100.2B to work out
the percent,

Use zip-top plastic bags to collect other sand samples that can
be taken back to the lab and analysed if time permuits.

To MAKE SIEVES

L

Mesh of very fine mesh sizes 1s available from Swiss Screens, Randall St,
Slacks Creek, Q'ld. 4127, Plastic sieves as shown are available from Hardie
Iplex, in a trades pack of 10, and are called a weathering apron. 30mm,
product code 15 VO 7450. The silk comes in widths ranging from 900 -
1200mm and a 125mm long strip will make 9 sieves of the sizes mentioned
above. I you use the SOmm weathering apron, then cut the 125mm strip
into nine equal squares.,

Use a rubber band 0 hold down the mesh and then add bonderete glue
around the rubber band. Take the all weathering tape and bind the mesh to
the sieve. Pull down the tape as you bind to make a strong seal. Allow to
dry for 24 hours. Make sure you mark the sieve with the correct size.

—75%

Estimate
50% the
25% percent

~ 0%

B

Figure 100.2 Field analysis

(Motos Bob Moflst)



You could also compare the % sand grain size from a series of
seives.

Hypothesis — the percentage of large sand grain sizes at the
bottom of the beach is significantly different than those at the
top.

Use a students t test to confirm this and how many degrees of

confidence do you have?



Calculations — use excel formula builder to perform T test.

@06 Formula Builder D

[ i ] b

2
[Qv Search for a function )

Ask your

Most Recently Used m 7 teacher

TTESK | how to do
» TTEST )

SUM | this.

LN ’

LOG L

AVERAGE -
Description

Returns the probability associated with a
Student's t-Test.

SYNTAX: T.TEST(arrayl,array2,tails,type)

More help on this function
Arguments

array
array

number.

number

- Results




. -




Syllabus statement

At the end of this topic you should be able to ... Descnbe the
processes of coastal erosion (in terms of accretion and erosion)




Describe

- give an account (written or spoken) of a situation,
event, pattern or process, or of the characteristics or

features of something.




Question

Describe changes in coastal dune and beach systems using the following
terms and giving examples

A. Accretion in sand dunes

B. Beach erosion




Accretion in sand dunes

Beaches are made of sand originating from the erosion of rocks and have been washed down to
the sea over many years.
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Sand enters sand system
Illustration Bob Moffatt



Sand moves in a sand
system which is governed
by the shape of the
coastline, prevailing
winds, tides and currents.

of drift

Sand in the longshore drift

Photo View finder




Sand is added to the system at one end, creeps along the coastline, is deposited in sand dunes and
finally is lost at the other. It can take thousands of years for sand to move along a coastline.

I g : Sand movement

ongenoradt ¢ onand offthe Fongshorelarift

beach
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Q dunes
Vel 47 .
lw b \‘ i‘ Lur

RIS Y
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Shape of a coastline and drift

https://www.tweedsandbypass.nsw.gov.au/



Sand can also come from corals or shellfish.

longshoreldrift andfoffithelbeach

v p
l Sandimovementiin I iISand[{movement{on|

Sand movement reef coral cay
Photo Bob Moffat




Accretion is the deposition of
sediment, usually sand,
which is evident by the
seaward advance of a
shoreline indicator, such as
the high water line, berm
crest, or vegetation line.

Accretion causes the
beach to become wider.

It is the opposite of
Erosion.

Accreting beach
Photo Bob Moffatt




Accretion begins with sand deposition on shore, from the movement of the waves, tides
and longshore current. Some sand is then dried out by the wind and sunlight, allowing it
to be blown to other areas of the beach by the prevailing winds.

Sand dune Wave bores reform building
reforms microridges and adding sand
to the beach

Storm par Moves Shoreward
s

Beach accreting
Illustration Bob Moffatt



This process forms primary and secondary dune systems

She Oaks, Banksia,
Pandanas, Heath

Spinifex, pigface

goat's foot
C\)cean m Beach »f/ >
b ::_Qé;/'/ji Primary dune) Secondary dune

Primary and secondary dune

Illustration Bob Moffatt



During more unsettled conditions, such as storms and periods of large
waves, removal of material is much higher.

Erosion - accretion comparison
Photo Bob Moffatt



These conditions are usually associated with cyclones

Beaches accreting

Beaches eroding

50-60
knot S/E

Cyclone map for beaches
Illustration Bob Moffatt



Beach erosion

Larger waves formed
during storms break down
the beach. Initially they
erode the beach face
dragging sand out to sea.

Storm surf and erosion

Photo Angus Jackson




Wave bores are very long and drag the sand offshore to a storm bar.

The sand runs back forming runnels.
There are not enough wave bores to keep the sand there.

Erosion scarp
forms

/

Beach eroding

Illustration Bob Moffatt

Large waves attack
the beach moving
sand offshore.

Storm bar forms
from eroded sand

/



Runnels on a beach
Photo Bob Moffatt




The beach keeps eroding till the forces of the storm waves can be absorbed on the storm bar.
Large erosion scarps and fretting can be seen and the beach angle changes dramatically..

Very slrong winds »
Storm waves

Y Large waves attack dune

system moving large ,
amounts offshore Erosioh'

Severe damage to dune
system

Sand to storm bar

Illustration Bob Moffatt



Spinifex roots hang down
these erosion scarps
waiting to catch new sand
when beach accreting
begins again.

This is called beach fretting.

Sblnlfex roots haﬁg down to catch sand |

Erosion scarp with fretting ' when beach starts to accrete again _‘;“;‘ 2
Photo Bob Moffatt A "s R B e e g o £
Y':'. v “" ~ 'A P ':.‘\-\' - '*««. "‘.’: '-“ - :};'“T.\



The angle of beach
profiles is very
different in these
two situations

Comparison accreting
and erode beach profiles

Illustration Bob Moffatt

Accreting beach

Constructive
wave

\

Low tide

High tide = s """

e AR

P

Eroding beach

Destructive wave

4

Storm bar

Low tide

Erosion scarp

N
High tide ; ,I:v || \

Profile angle




Question

Draw diagrams to show the difference between beach erosion and
beach accretion. If you stood on a beach, how could you tell if it was
eroding.

t
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Syllabus statement

At the end of this topic you should be able to ... identify the factors

between the atmosphere and the oceans that drive weather patterns and

climate (e.g. temperature, wind speed and direction, rainfall, breezes,
barometric pressure)




Identify

- Locate, recognise and name;

- establish or indicate who or what someone or
something is;

- provide an answer from a number of possibilities;

- recognise and state a distinguishing factor or
feature




Question

Indicate how each of the following drives ocean and nearshore weather
patterns

A. Barometric pressure

B. Temperature and breezes
C. Wind speed

D. Rainfall




Barometric
pressure

Weather maps show areas of
high and low pressure moving
from west to east across
Australia.

Weather map showing
pressure systems movement

Illustration Australian Government Bureau of
Meteorology
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These high and low pressure
systems are associated with

storms, cyclones, fronts and

ridges.

A ridge is an elongated area of
high pressure extending out
from a high.

A trough is a elongated area of
low pressure, extending south
from a low, also shown on the
map to the right.

Weather map with ID

Illustration Bob Moffatt using Australian Government
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Winds in high pressure systems blow anticlockwise, and
lows clockwise.

pressure systems
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blow clockmse
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High and low pressure wind direction
Illustration Bob Moffatt



Winds that tend to blow out of a high pressure system, are cool, rotate
anticlockwise (anti-cyclone) and tend to produce fine stable conditions.
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Low pressure systems
contain warm, moist air
and bring heavy rain for
long periods of time.

Low pressure rain depression
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High pressure
systems bring the
south east trade
winds which create
dominant patterns of
longshore drift on
the east coast.

Trade wind effects on
Qld coast islands

Photo Viewfinder




Fronts

A front is formed when a body of air of one temperature meets a body of air of
another temperature. Wind speeds increase as a front passes the coastline.
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Temperature and breezes

During the cool of the night, air above the sea, being warmer than that above the land, begins
to rise. Cooler air moves seaward to replace the warm sea air creating a land breeze.
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During the heat of the day, air above the land warms, and becomes less dense, causing it to rise.
The air above the sea, being cooler and more dense replaces the air on the land creating a sea

breeze.
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Wind speed

Isobars indicate wind speed and are lines that join places of the same atmospheric

pressure. When high and low pressure systems squeeze together, a pressure gradient
forms.

Pressure
gradient

The closer the isobars, the
steeper the gradient, the
windier it is.

Illustration Bob Moffatt



Rainfall

Ridges bring fine weather. A high-pressure system generally brings good
weather — clear skies, cool, dry air.

Ridges bring fine weather
Photo Bob Moffatt



Most troughs bring clouds, showers, and a wind shift, particularly following the passage of
the trough.

Wind direction

Storm clouds and wind
Photo Bob Moffatt
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Cyclones are low pressure systems with very high winds and waves that alter the marine environment
significantly. High rainfall causes large sediment runoff which can affect reefs. High rainfall pushes
huge amounts of sediment onto our reefs.

A flood plume containing sediments, nutrients and pesticides flowing onto the Great Barrier Reef from Bundaberg.

Flood plume Bundaberg 2015

Photo James Cook University



Question

What is the difference between the following meteorological terms

and what effects do they have on your local weather?
A. Barometric pressure

B. Temperature and breezes

C. Wind speed and direction

D. Rainfall

Wind speed
and symbol

Calm
1-4
5-13
14 -23
24 -32
33 -41
42 -51
52 - 60
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Syllabus statement

At the end of this topic you should be able to ... Reca" wave

formation processes (e.g. fetch, relationship of wave height and type to
water depth and wave celerity), barometric pressure)




Recall

- remember;
- present remembered ideas, facts or experiences;

- bring something back into thought, attention or
into one’s mind.




Question

Use the following terms to recall common ocean wave
characteristics.

A. Fetch, wave crest, trough, length, height, orbit field, lip,
whitewater and face

B. Wave height to water depth relationships

C. Wave speed, wave period




Fetch

Wave formation depends on wind speed, length of time the wind blows, the distance
over which the wind travels, and the depth of the water.

A fetch is the distance over which the wind travels.
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Illustration Bob Moffatt



Winds initially produce small ripples.
As these ripples join together, they form waves in a rising sea.
Finally the waves move out of the fetch zone and become ocean swells.
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Ocean swells
Photo Bob Moffatt



The length of the fetch zone
determines shape of ocean
waves.

Waves that break at Cape
Horn have travelled a long

Fetch sizes

Illustration Bob Moffatt




Waves have a length, height and length as show in
the diagram below.
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Oceans waves are simply energy
moving through the water.

They do not take the water with
them.

As the wave arrives it lifts water
particles.

These travel forward and circle

back in an orbital motion. Motion of & particle I an

ocean wave
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The circling water near the surface
sets off smaller circling movements
below them.

In deep water the orbital motion of
fluid particles decreases rapidly with
increasing depth below the surface.

A (deep water)

In shallow water, the elliptical
movement of a fluid particle flattens
with decreasing depth.

Orbit fields deep and shallow water
Photo and Illustration Bob Moffatt




A breaking wave is called a shoaling wave having the
characteristics of a lip, face, whitewater and trough.

Parts of a shoaling wave
Illustration Bob Moffatt



Wave height to water depth relationships

Waves approaching a shore are called shoaling waves.

Waveiength -
R Wave height

Wavelength ’
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Wave height

Shoaling waves

Illustration Bob Moffatt




Shoaling waves become breaking waves and height increases and wavelength decreases
because the orbit field interacts with the seafloor, hence the wave slows down.

wavelength )\ Lwavelength#

Waves as they approach a shore

Illustration Bob Moffatt



Three types of wave can form depending on the bathymetry of the ocean floor.

Spilling waves are normally associated with gently sloping beaches where the top of the
wave “spills” down the face of the wave.

Spilling wave
Photo Bob Moffatt



Plunging wave or
“barrels” occur
more commonly at
low tide when the
water is shallower.

Surfer in barrel

Photo View finder




These waves carry a great amount of energy and are dangerous for the
inexperienced surfer (capable of spearing the surfer into the sand or reef
below the shallow water).
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Plunging wave
Photo Dick Hoole



Surging waves never break as
they approach the shore, and
are mostly associated with
rocky headlands.

As surging waves carry
enormous

power, rock fishermen need
to take extreme care when
fishing from rocky outcrop

Surging wave
Photo Bob Moffatt




Wave height to water depth relationships can be useful in describing
some famous surf breaks. For example Teahupo reef break in Tahiti.

“Choooww poo”

Kite surfing Teahupoo

By The Last Minute (Flickr) [CC BY 2.0 (https://creativecommons.org/licenses/by/2.0)], via
Wikimedia Commonshttps://en.wikipedia.org/wiki/Teahupo%270



Here the coral reef juts up from 45 metres changing rapidly from a 1:1 slope to a 1:3 slope

\ : ! . WAVE FACE HEIGHT IS 2-3

LAGOON

Pt T L
e s
b3 PR LS —m g

WAVE ENERGY WAVE ENERGY

IS PUSHED UP APPROACHING

QUICKLY ASIT REEF
HITS REEF

Teahupo wave mechanics

http://www.surfline.com/surf-news/teahupoo-surf-mechanics_58392/




In Australia, a famous surf break at Shipstern Bluff in Tasmania.

Shipstern Bluff

Photo Jones
https://www.adventuresportsnetwork.com/sport/surf/top-ten-deadly-waves-of-the-world/



The seafloor at Shipstern is a slab of granite that takes the brunt of huge swells
traveling from deep water and expounding all their force onto this ledge.

Water depth changegb_\‘ery
qmcklyﬁromﬂG metres to 0.6
metres at Shipstern’ BIUff

Shipstern Bluff water depth changes

Photo Bob Moffatt




Wave celerity, wave period and sets

The time taken for two successive crests (or troughs) to pass a fixed point is known as the
wave period (T).

Time between two waves at a point
Photo Bob Moffatt



Wave period is also shown in weather apps
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The wave celerity (C) or speed
is calculated by dividing the
wavelength by the wave
period (C = L/T).

If the wave period at a point is
10 seconds and length
estimated 30 metres, the
speed of the wave is 3 m/sec

1 0 seoonds -

or

10.8 km/hr

Wave celerity at a point break
Photo Bob Moffatt



Wave sets are waves that come in groups.

Wave sets
Photo Bob Moffatt



Question

Write a sentence to show you know the meaning of the following wave terms. Draw
diagrams to illustrate your answer from your local beach.

A. Fetch, wave crest, trough, length, height, orbit field, lip, whitewater and face
B. Wave height to water depth relationships

C. Wave speed, wave period
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Syllabus statement

At the end of this topic you should be able to ... explain how the

properties of waves are shaped by weather patterns, natural formations
and artificial structures (e.g. interference patterns, fetch, wave sets).




Explain

- make an idea or situation plain or clear by
describing it in more detail or revealing relevant

facts; give an account;

- provide additional information




Question

Explain how wave shapes are affected by each the following
A. Weather patterns
B. Natural formations

C. Artificial structures




Weather patterns

As a low pressure moves adjacent to the East Australian coast, the fetch size increases.
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Wave period short vs long
Photo Bob Moffatt




Cyclones also have the same effect creating very high pressure gradients.

Pressure gradient

Cyclone

Pressure gradient

and cyclone
Illustration Bob Moffatt
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These pressure system interactions create storm waves.

Storm)surficreated/by/an
easticoast{low;

Storm surf created by east coast low
Photo Bob Moffatt



Winds also affect wave shape.

Waves become lumpy when winds blow onto the shore and smooth out when they change to off
shore.

. On shore surf conditions

Onshore - offshore surf days
Photo Bob Moffatt



Natural
formations

Point break:

A point break refers to the
place where waves hit a
point of land or rocks
jutting out from the
coastline.

The seafloor can be made
of rocks, sand, or coral.

Point break

Photo Geoff Jensen




Beach break:

A beach break
takes place where
waves break on a
usually sandy
seabed.

Beach break Triggs WA

Photo Bob Moffatt




Reef break:

A reef break happens when a
wave breaks over a coral reef
or a rocky seabed.

Cloudbreak in Fiji.

Tavyland [CC BY-SA 3.0
(https://creativecommons.org/licenses/by-sa/3.0)], from
Wikimedia
Commonshttps://upload.wikimedia.org/wikipedia/comm
ons/1/10/Tavarua_lsland%2C_Fiji.JPG




Shore break:

A shore break is a wave
that breaks directly on,
or very close to the
shore.

This happens when the
beach is very steep at
the shoreline.

These waves are really
just a form of beach or
reef break, but breaking
very close to the shore.

Shore break

Photo Bob Moffatt



River mouth break:

A river mouth break breaks at e e
or near the entrance to a
river or creek.

It can break as either a left-
breaking or right-breaking
wave, or a peak which breaks
both ways.

The bottom is usually sand,
but can be pebbles, rocks, or
even coral reef.

Surf rivermouth
Photo Bob Moffatt




Tidal bore breaks:

They are formed where
stronger and larger
tides enter a river or
deltaic system, allowing
the tide to forcefully
push and extend up the
river, sometimes
forming rideable waves.

The waves can be
singular or multiple
crested.

Tidal bore seven river

By Ruth Sharville, CC BY-SA 2.0,
https://commons.wikimedia.org/w/index.php?curid=12543804



Standing river breaks: = ' B i |

\‘ 3

These are waves which
are created in some
fast flowing rivers or
creeks, allowing a
surfer to ride a wave
for several minutes or
more whilst standing
or lying more or less
stationary within the
river.

Standing wave in River near

Munich, Germany
Photo Bob Moffatt




Ocean canyon breaks:

Very high breaking waves in Portugal form due to the presence of an underwater Canyon.

Surfers ride the
wave here

Deep water

Shallow water

Nazaré Canyon

Nazaré Canyon in Portugal coast.
By NASA (Blue Marble Next Generation) [Public domain], via Wikimedia

Commons
https://commons.wikimedia.org/wiki/File:Canh%C3%A30_da_Nazar%C3%A9.jpg



Can you see the surfer?

Biggest surf break in the world You can read more at
https://www.surfertoday.com/surfing/8247-the-mechanics-of-the-nazare-canyon-wave

By Luis Ascenso from Lisbon, Portugal -, CC BY 2.0
https://commons.wikimedia.org/w/index.php?curid=58182099



Artificial
structures

Artificial reef break:

These are made by
placing geotextile bags
filled with sand on the
seafloor close to the
coastline. Waves are
created as water
approaches the
underwater obstacles
(artificial reef).

Artificial reef break
Photo Bob Moffatt




Artificial reef from geotextile bags
Photo Bob Moffatt




Geotextile bag

Photo Bob Moffatt




Groyne break:

These waves break along or near a groyne or training walls.
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Photo Bob Moffatt



Artificial wave pool breaks:

These are waves generated in an artificially created pool with a powerful wave-generating device, to
form waves which can be surfed without any need for an existing, natural water environment, such
as an ocean or shoreline.

Wavepool - Snowdonia Wales

By DeFacto [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)], from Wikimedia Commons
https://upload.wikimedia.org/wikipedia/commons/9/9a/Surf_Snowdonia_overview_from_the_west.jpg
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By DeFacto [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)], from Wikimedia Commons
https://upload.wikimedia.org/wikipedia/commons/9/9a/Surf_Snowdonia_overview_from_the_west.jpg



Question

Explain how wave shapes are affected by each the
following

A. Weather patterns
B. Natural formations

C. Artificial structures
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Syllabus statement

At the end of this topic you should be able to ... explain how coastal

engineering regulates water or sediment flow, affects currents and
impacts the coastline, including marine ecosystems




Explain

- make an idea or situation plain or clear by
describing it in more detail or revealing relevant

facts; give an account;

- provide additional information.




Question

Explain how the following coastal engineering works regulate water,
sediment flow, longshore current and impact on a coastal ecosystem.

A. Groynes and training walls
B. Sand pumping jetties

C. Marinas and canal estates




Groynes and
training walls

A groyne is a rigid structure
built from an ocean shore
or from a bank (in rivers)
that interrupts water flow
and limits the movement of
sediment.

Photo Bob Moffatt



AT

Photo Bob Moffatt




A training wall is two groynes at the mouth of a river to ensure safe navigation through a passage.

Training wall
Photo Bob Moffatt



The effect of groynes is that longshore flow of sediments is significantly reduced.

Sand builds up on one side and erodes on the other due to refraction.
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Photo Bob Moffatt



Effect of a groyne.
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Photo Bob Moffatt



Training walls can severely disrupt the flow of longshore drift by trapping sand and altering
the flow direction. This keeps the passage deep for navigation.

Training walls distrupt sand movement volumes

Photo Geoscience Australia



Dune systems rely on a constant flow of sand to function correctly.

Tese dunes reqire 500,000 cubic
metres of sand per,year

Photo Bob Moffatt



Dunes are stable
Longshore drift brings 500,000
cubic metres each year to
nourish dunes

Dunes stable

Illustration Bob Moffatt



If houses are built on secondary dunes and the volume of sand is reduced by engineering such
as training walls or groynes, dune nourishment is reduced.

Dunes reduce in size and fail to
recover sand volumes after
storms

FH
Reduced sand dune volume from Sy 1 =
reduced longshore drift sand volume : :(/“* :
N S e

Reduced sand volume from longshore drift
Illustration Bob Moffatt



This reduced sand flow from a training wall built many kilometres down the beach
can have dramatic effects on beaches and development over time.

Reduced longshore drift sand
volume and loss of dune
vegetation

Houses fall into sea illustration
lllustration Bob Moffatt
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Houses fall into sea

Credit: Australian Women's Weekly



Boulder walls are then built to protect houses at great expense to property
owners.

& Rockwall defines
limit of erosion Rockwall
constructed as last
ditch sea defence
H FE L

Lowering of
beach level

Mean Sea Level

Houses with boulder wall
Illustration Bob Moffatt



Boulder wall construction and effect
Photo Bob Moffatt




Sand pumping jetties

In Queensland, sand pumping jetties, associated with training walls, have been built in
an effort to keep a steady supply of sand flowing in the longshore current and to
maintain the passage depth.

Sand pumping jetty

Photo Bob Moffatt



The principle is 500,000 cubic metres
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Sand pumping jetty principal

Photo Bob Moffatt



Pumping regimes have
been the subject of huge
debates amongst
stakeholders, especially
when contractors are paid
by the volumes of sand
they are paid to pump.

Protest rallys often bring
pressures on
Governments to change
pumping regimes to
increase amenity for
beach goers.

Protest rally
Photo Bob Moffatt



Marinas and canal estates

Marinas in Queensland are similar to training walls, but usually have a less dramatic effect
because they are built in wave reduced areas.
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One effect is
the loss of
amenity as
dredging
occurs.

Dredge in

marina
Photo Bob Moffatt




Canal estates disrupt
the natural flow of
rivers to the sea

Canal estate
Photo Murray Waite




Increased use of fertilisers so that
people can have green lawns results in
algal blooms from canals that don't
flush properly to the sea.

At low tide algae coats rocks
decreasing the original amenity of the
canal and reducing oxygen needed for
marine life to survive.

Algae on rocks in canal
Photo Bob Moffatt




To solve this problem,
engineering works have to be
undertaken to dredge new
river entrances that prevent
algal pollution and allow the
river to flush.

Dredging new entrance to the sea
Photo Bob Moffatt




Beach nourishment

Pumping sand into the offshore bar is another method of beach
engineering.

y Photo Bob Moffatt
o



Question

Explain how the following coastal engineering works
regulate water, sediment flow, longshore current and
impact on a coastal ecosystem.

A. Groynes and training walls

B. Sand pumping jetties

C. Marinas and canal estates






Syllabus statement

At the end of this topic you should be able to ... Recognise that

longitudinal studies allow scientists to observe changes occurring in

marine environments (e.g. satellite imagery, aerial photography, field
research)




Recognise

- identify or recall particular features of information
from knowledge;

- identify that an item, characteristic or quality
exists;

- perceive as existing or true; be aware of or
acknowledge.




Question

Recall how each of the following have enabled coastal engineers to observe
changes occurring in marine environments caused by groynes, training walls
and sand pumping jetties:

A. Satellite imagery

B. Aerial photography

C. Field research
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Satellites are used to create
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Information gathered by satellites over long periods of time can tell us how sea levels
change.

Sea Level Change

Sea level change (cm)

Sea level rise from satellite data

https://en.wikipedia.org/wiki/Sea_level_rise



A common satellite
tool is Google Earth,
a computer
program that
renders a 3D
representation of
Earth based
features on satellite
imagery.

Google Earth Australia 3d
screenshot

https://www.google.com/intl/en/permissions/trade
mark/rules.html




The program maps the Earth by superimposing satellite images, aerial photography, and
GIS (Geographic Information System) data onto a 3D globe, allowing users to see cities
and landscapes from various angles.
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Google satellite image part of Queensland coastline

See separate statement at end of this powerpoint
https://www.google.com/intl/en/permissions/trademark/rules.html




For example, in our discussion on sand budget systems, the Clarence and Richmond Rivers
that supply the sand that enters the Southern Gold Coast System and finishes in Moreton
Bay, can be seen entering the sea in the google image at Yamba and Ballina.

Google Earth Sand system SE Qld

See separate statement at end of this powerpoint
https://www.google.com/intl/en/permissions/trademark/rules.html



Mackay Harbour and reef are other images from google and its satellite partners.

See separate statement at end of this powerpoint
https://www.google.com/intl/en/permissions/trademark/rules.html




Townsville.

See separate statement at end of this powerpoint

https://www.google.com/intl/en/permissions/trademark/rules.html




Mabuiag
Island

Badu lIsland

—

Moallsland

Hawkesbury
Island

Wednesday,
Island

Thursday

_re P Sisland
Fr!qqxulASIand' 3 S Horn

- e g Horn Island
Prince of
Wales Island

Port Lihou Emrance

Island Island Punsand

Torres Strait.

See separate statement at end of this powerpoint
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Google Earth can also show you images from previous years allowing a long term record of your
local study areas to be shown.

Download Google Earth to your hard drive and use the clock tool in the top of the menu bar.

See separate statement at end of this powerpoint
https://www.google.com/intl/en/permissions/trademark/rules.html




This allows you to study data from previous years allowing a long term record of your local study.
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See separate statement at end of this powerpoint
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