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Earth Science 11: Ocean Properties
Text: Chapters 9-10, Lab: Activity 10-11
	9.1: What Is Oceanography?


*View Power of the Planet: Oceans, 0-3:35 min; 13:50 to 17:20 min.
Oceanography is the ________________________________________________________Why should we bother studying the ocean?




	Properties of Ocean Water (9.2, 9.3)


[image: http://www.sciencelearn.org.nz/var/sciencelearn/storage/images/contexts/the-ocean-in-action/sci-media/images/map-of-ocean-salinity/245815-1-eng-NZ/Map-of-ocean-salinity.jpg]
a) _____________________________
· Salinity is the measure of dissolved minerals (salts) in water. 
· [image: ]Salinity is measured in “parts per thousand” and is given as a percentage.  
· On average, 100 grams of seawater contains 35 grams of salt, or 35%.
· Oceanographers measure salinity by testing the electrical conductivity of seawater.  
· The greater the dissolved ion (salt) content in seawater, the greater conductivity it has.  


· The salinity of sea water is modified through changes to the water content of the solution.  Where do ocean salts come from?



[image: ]*Watch the video on Ocean Salinity.


[image: ]Interpret the Temperature and Salinity Chart, record the salinity level for the following locations and provide a reason to explain it:






	Equator
	


	Tropics of Capricorn and Cancer 
	

	Vancouver’s Latitude
	



	Arctic Circle 
	



	Antarctic Circle 
	





· Variations in surface salinity levels are the product of differences in evaporation and rainfall rates.
· [image: http://www.menainfra.com/media/media-news/news-thumb/090914/deadsea.jpg]For example, the Dead Sea has a high evaporation and low precipitation rate, giving it 330% salinity.  
· Its high density means that it has a high buoyancy, allowing swimmers to float easily. 


[image: ]
b) _______________________________
· [image: ] The ocean is divided into three temperature layers, which vary in their characteristics depending on latitude and depth:
*Watch the video on Ocean temperature and density.



	Surface, Low Latitude

	-Warmed by the sun, with wind/waves mixing heat evenly.
-2% of the Ocean’s volume, but biologically important.  Many autotrophs here generate an abundance of oxygen.
-Its depth and temperature varies with latitude and season.


	Middle Zone, Low Latitude

	-Thermocline is here, where temperatures and oxygen levels change dramatically.
-Verticle barrier to marine life.


	Deep Water and Poles

	-Little sunlight reaches, making it cold and dense.  This allows it to sink from the poles along the ocean’s floor under other layers.
-Minor warming in the summer means a weak thermocline for some polar regions.





c) [image: ]________________________________________
	Surface, Low Latitude

	-Low density due to high surface water temperature.

	Middle, Low Latitude

	-Density levels decrease rapidly as water gets colder (Pycnocline).


	Deep Water and Poles

	-Very high density as water is very cold.



*Complete Activity 10.4 and 10.5 pg. 175 - 179
	9.3: Ocean Layering  


[image: ]Layering occurs due to density, which is a product of water temperatures.

	Surface Mixed Zone 
	lower density due to warm temperatures generated by sunlight and heat mixing (wind and waves).

	Transition Zone 
	contains the thermocline and pycnocline.

	Deep Zone 
	very dense due to consistently cold temperatures.








	9.4: Ocean Bathymetry 



[image: ]Bathymetry is the measurement of ocean depths and the charting of the ocean floor’s topography.
*Watch the Ocean Measurement Video for a brief survey of modern bathymetry methods.
· [image: ]Through bathymetry oceanographers have identified three main areas of the ocean’s floor:
*Complete Activity 10.2 pg. 172







	9.5: Continental Margins  


[image: ]Continental margins are the outer edges of continents where the continental crust transitions into the oceanic crust.
*Watch the video on Continental Margins and complete the notes below.
[image: ]





There are two types of continental margins:
a) _____________________________________________________________________
· Geologically inactive and therefore not prone to earthquakes or volcanoes.
i) Continental Shelves are gently sloping continental crust covered with eroded sediments from the continent.  Their only features are glacial erosion and ancient shelf valleys that used to be river valleys before sea levels rose after the last ice age.
ii) Continental Slopes are the steep boundaries between continental and oceanic crust.
iii) Continental Rise is a gradually incline of sediments that have swept down the continental slope through turbidity currents (see below) to form deep-sea fans.
[image: ]iv) Submarine Canyons have been created by turbidity currents, the downslope movement of dense, sediment saturated water.



[image: ]b) ____________________________________
· Are located along geologically active areas, typically subduction zones (Ring of Fire).
Features include:
· Accretionary wedges of sediment and oceanic crust scraped off by the subduction process accumulating on the overlying plate.
· Subduction erosion of the overlying plate.



	9.6: Features of Deep Ocean Basins 


[image: http://www.physicalgeography.net/fundamentals/images/trenches.gif]Deep-ocean basins exist between the continental shelf and oceanic ridges and contain many spectacular features:
a) Deep-Ocean Trenches
· Deepest part of the ocean and mostly found around subducation  zones (Ring of Fire)
· [image: http://www.oceanclassrooms.com/resources/images/moodlecourses/ms101/unit3/challenger_deep_profile.jpg]Formed by subduction of oceanic lithosphere and as such are associated with earthquakes and volcanic activity (volcanic island arcs and continental volcanic arcs).


[image: http://static.guim.co.uk/sys-images/Guardian/Pix/pictures/2009/10/26/1256582712608/China-dishes-from-the-Tit-002.jpg]b) Abyssal Plains
· Deep and flat sections of the ocean floor formed by the accumulation of sediments from turbidity currents, precipitation from saltwater solution and dead marine organism shells/skeletons over the ocean crust.
c) Seamounts and Volcanic Islands
· Submarine volcanoes that can become volcanic islands.
· [image: http://www.marine-conservation.org/media/shining_sea/region_art/places_seamounts_chain_lg.jpg]Formed by hot spots activity (Hawaii) or oceanic ridges (Azores)
 d) Guyots 
· inactive volcanic islands weathered and eroded below sea level.
e) Oceanic Plateaus 
· flat structures created by the solidification of fluid basaltic lavas.
*Apply the names in this section to the diagram below.
[image: ]
[image: ]
	9.7: Oceanic Ridge System 



· Found at divergent plate boundaries, oceanic ridges are formed by the solidification of magma and represents the formation of new oceanic crust.















Earth Science 11: Ocean Currents, Tides and Shoreline Erosion
	10.1: Surface Currents  


[bookmark: _GoBack][image: ][image: ]
*Watch the Surface Ocean Smartfigure and answer the questions below.
· Ocean surface currents are set in motion by the wind and therefore are similar to wind patterns 
· [image: ]Most ocean surface currents in the world follow a circular movement called a Gyre.
Why do you think ocean currents move in a circular movement?


Do surface ocean currents affect coastal climates?




Upwelling and Deep-Ocean Circulation 
[image: ]Upwelling
*Watch the Upwelling Smartfigure 

· winds can also generate vertical water displacement, such as coastal upwelling.
[image: ]Why is upwelling important to life in the photic zone?





[image: ]Deep Ocean Circulation
· Other than upwelling, ocean water can be displaced vertically be deep-ocean circulation.What is the primary cause of deep-ocean circulation?






Amazingly, water that sinks at Antarctica may not re-emerge at the surface for 500 to 2000 years!
	10.4: Ocean Waves 


[image: ]
[image: ]*Watch the Ocean Waves Smartfigure and complete Activity 11.1 and 11.2 


	10.5: Beaches and Shoreline Processes  



a) Wave Weathering and Erosion	
· Waves can cause the breakdown of beach materials (weathering) in several ways:
i) Pressure: 
[image: ]-Every wave can put thousands of kilograms per square metre on a surface.  
-Water forced into rock cracks compresses the air found there, which then expands when the wave recedes and dislodges rock fragments and enlarging fractures.
ii) Abrasion:
-Waves carrying sediments or larger rocks can wear down shorelines and beach materials.

Sand Movements on a Beach
Energy from waves crashing into a beach can cause sand to move in two ways:
a) Perpendicular to the Shore:
· Beaches gain sand in low-energy wave conditions as the swash (water produced from collapsing breakers) can absorb the energy and reduce the amount of backwash.
· Beaches lose sand in high-energy wave conditions as the swash cannot absorb all of the energy and as such the backwash is much stronger.
[image: ]b) Wave Refraction:
*Watch the Wave Refraction Smarfigure
[image: ]In the image above, where would the most erosion occur?  Why?


In the image above, where would sediments be deposited?  Why?



[image: ][image: ]c) Parallel to the Shore
*Watch the Longshore Current Smartfigure and complete Activity 11.4 




· Although waves are refracted most still reach the shore on a small angle, causing sediments to be carried parallel to the shoreline.  Backwash sets up the perpendicular movement of sand.  Together, these processes are called Beach Drift.
· Longshore currents are also created by waves approaching the shore at a consistent angle that can also move sediments in the same direction as the beach drift.
	  Shoreline Features (10.6)


*Complete Activity 11.5 

	Shoreline Stabilization (10.7)



Conduct your own research into one method of Shoreline stabilization.  You will present a small presentation on this method to the class.  Your presentation must include:
a) What the stabilization method is and whether it is considered “hard” or “soft” (see your text for clarification.
b) The stabilization method’s effectiveness and its weaknesses, including environmental impact.
c) An image of the stabilization technique.
	Tides (10.9)



*Explore this section of the text and lab out of personal interest, it will not be tested!
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volcanic eruptions, large quantities of water and dissolved
gases have been emitted during much of geologic time. This
process, called outgassing, is the principal source of water in
the oceans and in the atmosphere. Certain elements—notably
chlorine, bromine, sulfur, and boron—were outgassed along
with water and exist in the ocean in much greater abundance
than could be explained by weathering of rocks alone.

Although rivers and volcanic activity continually con-
tribute salts to the oceans, the salinity of seawater is not
increasing. In fact, evidence suggests that the composition of
seawater has been relatively stable for millions of years. Why
doesn't the sea get saltier? The answer is that material is being
removed just as rapidly as it is added. For example, some dis-
solved components are withdrawn from seawater by plants
and animals as they build hard parts. Other components are
removed when they chemically precipitate from the water as
sediment. Still others are exchanged at oceanic ridges by hy-
drothermal activity. The net effect is that the overall makeup of
seawater remains relatively constant through time.

Processes Affecting Seawater Salinity

Because the ocean is well mixed, the relative abundances of
the major components in seawater are essentially constant,
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FIGURE 9.4 This graph shows variations in the ocean’s surface temperature
(top curve) and surface salinity (lower curve) with latitude. As you might expect,
average temperatures are highest near the equator and get colder moving pole-
‘ward. Imporant factors influencing differences in surface salinity are variations in
rainfall and rates of evaporation. For example, in the dry subtropics in the vicinity
o the Tropics of Cancer and Capricorn, high evaporation rates remove more
water than is replaced by the meager rainfall, resulting in high surface salinities. In
the wet equatorial region, abundant rainfall reduces surface salinites.
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In summer whnen sea ice melts, the add1tion of the relatively
fresh water dilutes the solution and salinity decreases
(FIGURE 9.5).

Surface salinity variation in the open ocean normally
ranges from 33% to 38%. Some marginal seas, however,
demonstrate extraordinary extremes. For example, in the
restricted waters of the Middle East’s Persian Gulf and
Red Sea—where evaporation far exceeds precipitation—
salinity may exceed 42%. Conversely, very low salin-
ities occur where large quantities of fresh water are
supplied by rivers and precipitation. Such is the case for
northern Europe’s Baltic Sea, where salinity is often
below 10%o.

OCEAN TEMPERATURE VARIATIONS
WITH DEPTH

If a thermometer were lowered from the surface of the
ocean into deeper water, what temperature pattern would
be found? Surface waters are warmed by the Sun, so they
generally have higher temperatures than deeper waters.
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FIGURE 9.6 Variations in ocean water temperature with depth for low- and

high-latitude regions. The layer of rapidly changing temperature, called the
thermocine, is not present in the high latitudes.
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Active continental margins are located along
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A. Accretionary wedges develop along B. Subduction erosion occurs where
subduction zones where sediments from the  sediment and rock scraped offthe bottom of
ocean floor are scraped from the descending  the overriding plate is carried info the
oceanic plate and pressed against the edge  mantle by the subducting plate.

of the overriding plate.





image16.gif
— Noutan

Aleutian \
Kurilg and"\
7 Puerto Rico Nansei Shoto/ {(/2P2" Trench
\/ N\ Trench
| Mid-America
Trench HA
‘ Java
Trench 5
Poru-Chil
30 Trench oridnk
) Kermadec/
South ~
60 \Sandwich
: Trench

Robinson Projection




image17.jpeg
DEPTH (thousands of feet)

40

35

30

25

20

2.000m
(6,500)

8,848m
(29,028
elevation of
Mt. Everest





image18.jpeg




image19.jpeg
Patton Seamount Chain

Murray Smt.

Marchand Smt.

patton tuieanm [ £10POZ bathymotry

mage by Peter Etnoyer
Marine Conservation Biology Tnstitute
i mebi.org




image20.png
| —




image21.png
Rift valleys
“The axis of some segments
system
contain ceep down-faulted
structures called i valleys.
me may exceed
50 kilometers (31 miles)
in width and 2000 meters.
(6500 feet) in depth





image22.png
]
N Equatoial C.

S Equatoral C

Soutn
pacific Gyre




image23.png




image24.png
(3. aimpesaduss)
2 8 2 8

T

-20

N e < o 3

() ainyesduay

A S 0 ND

1

1
Month

F M AWM





image25.png




image26.png
Chlorophyll a Concentration
mg/m®





image27.png
Antarctica




image28.png
| Wave movement

Deep water | Approaching shore Surt zane
wanes with constant wanes fouch bottom (brosker formy
wavelength | (wavelength decreases) |
_ B o
Waves touch bottom asthey

/ encounter water depths that are
less than falf a wavelengih

Depth s >Y2 wavelength





image29.png
[E¥AE




image30.png
Ths sandstone cliffat Gabrila lsand, i’m;n Columbia
was undercut by wave action.





image31.png
[OF%
40|




image32.png
\waves approach nearly straight on, refraction causes t
Wave energy to be concentrated at headlands (resulting in erosion) Waves travel
and dispersed in bays (resulting in deposition). atoriginal speed [l Waves “feel bottom”
deep water and slow down

in surf zone

Beach
deposits.

Result: waves bend
50 that they strike the
shore more directly





image33.png
Path of sand
particles Beach

A BN Netmovement

of sand grains

Beach drift occurs as incoming waves
carty sand at an angle up the beach,
while the water from spent waves carries
it directly down the slope of the beach.
Similar movements occur offshore in the
surf zone to create the longshore current.

These waves approaching the beach at a slight
angle near Oceanside, California, produce a
longshore current moving from leftto right.





image34.png




image1.jpeg
34
less than 34





image2.png
) [) QW Facult x V& MyDrive -~ x ¥ [E] India Servi. x

oceanogre x 1 (8 BACMen « X V[ water mas: x 1 [ hms challc X V [ Mastering X } [ Pearson e x \__ WO (o by

« > ¢ (b vlew.ebookplus.pezrsoncmgmm/ebcck/laun(heTexldc7values 00kID:3315:platform:1055:invokeTypezims:launchState:goToEBook:platform:1055:globalBookiD: 7| =

PEARSON

py— ]

ean

Copyright © 2013 Pearson Education, nc. Al rghts reserved.

Search ol o

A Qg Q

is so large that it Earth’s solid mass were perfectly smooth
(level) and spherical, the oceans would cover Earth’s entire sur-
face to a uniform depth of more than 2000 meters (1.2 miles)!
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COMPOSITION OF SEAWATER

What is the difference between pure water and seawater?
One of the most obvious differences is that seawater con-
tains dissolved substances that give it a distinctly salty taste.
These dissolved substances are not simply sodium chloride
(common table salt)—they include various other salts, met-
als, and even dissolved gases. In fact, every known naturally
occurring element is found dissolved in at least trace
amounts in seawater. Unfortunately, the salt content of sea-
water makes it unsuitable for drinking or for irrigating most
crops and causes it to be highly corrosive to many materials.
Yet, many parts of the ocean are teeming with life that is su-
perbly adapted to the marine environment.

Salinity

Seawater consists of about 3.5 percent (by weight) dis-
solved mineral substances that are collectively termed salts.
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FIGURE 9.3 Relative proportions of water and dissolved components in
seawater. Components shown by chemical symbol are chlorine (CI-), sodium (Na*),
sulfate (50,2°), magnesium (Mg?*), calcium (Ca?*), posassium (K*), strontium
(Sr?*), bromine (Br~),and carbon (C).





