Oceanography History

The earliest mariners are thought to be either the Polynesians or the Phoenicians which began exploring the ocean as early as 3,000 B.C.. 

Life in the Mediterranean: The library at Alexandria was built around 235 B.C. and was the first major collection of oceanographic charts and general information of its kind. The second librarian (Eratosthenes) was the first person to calculate the circumference of the earth. His estimate was 46,250 km while the real value is ~40,000 km. Eratosthenes also placed lines of latitude and longitude on charts at random and named them after places and people. The library was burned in 415 A.D. resulting in a complete loss of oceanographic information obtained to that date. 

The Polynesian Experience: While the western civilization was exploring the Mediterranean and the West coast of Europe and Africa, the Polynesians were expanding their horizons Eastward into the Pacific ocean. Their curiosity and desire to acquire new resources drove the eastward expansion from island to island. Around 500 A.D. they discovered the Hawaiian Islands; more than2,000 miles from the nearest island! 

The Age of European Discovery: The first circumnavigation of the globe was performed by Ferdinand Magellan between 1519 and 1522 A.D. Magellan was killed in the Phillipines in April of 1521 but his crew continued the voyage through Indonesia and the Indian ocean back to Europe by Sept 1522. 

The Age of Scientific Discovery: The first major oceanographic expedition was made on the HMS Endeavor under the command of James Cook. Cook actually made three expeditions into the Pacific between 1768 and 1780 AD. where he charted large portions of the Pacific. (Hawaii, New Zealand, and the Great Barrier Reef). The Challenger Expedition: The first purely scientific expedition was made on the Challenger between 1872 and 1876. During the expedition, the challenger crew sampled more than 362 stations and "discovered" more than 4,000 species. The crew retrieved specimens from the deep ocean, discounting the contention that no living organism could inhabit the oceans below 600m. 

Oceanography in the 20th Century: As technological advances were made in electronics and engineering, the ability to explore the ocean in greater detail became increasingly sophisticated. Advances during the two world wars were also important as the sea became an important "battle field". Use of sonar (echo location), developed during WW I and II, has proved crucial to our increased understanding of the morphology of the ocean basins.

How deep is the ocean? 
Prior to 1925, depths (or soundings) were made with a long rope and a heavy weight.

In 1925, the German research ship Meteor, was launched in the Atlantic with an echo sounder.


An echo sounder is made up of two components:



1) sound source (normally a transponder)



2) a hydrophone which listens for returning sound waves from the transponder off the ocean bottom.

Knowing the two-way transit time and the velocity of the sound, one can estimate the water depth with very high accuracy

Present Day Ocean Morphology

1) The continents have basically been in their present day position for the last 10 my.


2) The oceans cover 71% of the Earth’s surface.  (29% is covered by continents)


3) The ocean has an average depth of 3,800m (12,400ft), while the continents have an average elevation of 840m (2,760ft).


4) Sediments which are brought to the ocean by large rivers, tend to accumulate and form the continental margins.  There are two types of continental margins, active and passive.

Passive Continental Margin Statistics

1) Continental shelf extends from coast to ~200m.  Average slope is 0.2% and max depth is 150m at shelf break.


2) Continental slope lies just beyond the shelf and has a large slope of ~4%.


3) Continental rise begins at bottom of Cont. slope with a slope of  0.5%.


4) Cont. rise grades into the abyssal plains (flat) which extend to 
the base of the mid ocean ridge system.

 Why is the continental shelf so flat? 

1) Sea Level fluctuations between +5 and -120m throughout the last 2.8myr


2) Tidal fluctuations


3) Longshore currents


4) Storm activity (hurricanes)

 Submarine Canyons 
How are submarine canyons formed?


1) During last glacial period sea level was ~120m lower so rivers cut through the upper parts of the continental shelf to deposit their load at shelf break.


2) Canyons are maintained by intense and frequent turbidity currents like the 1929 event on the Grand Banks.

PASSIVE CONTINENTAL MARGINS: FEATURES

� Continental Shelf:

� It is underlain by continental crust and represents flooded extensions of the continent

� Some continental shelves have surface features created by glacial erosion, especially

valley extensions of river valleys on land.

� In areas of little sediment deposition coral reefs can form. When they get very large they

form carbonate platforms.

� Continental Slope:

� It marks the boundary between continental and oceanic crust

� Continental Rise:

� The rise consists of thick accumulations of sediment which was eroded downslope from

the continental shelf.

� Some rises have thick accumulations of sediments interlined with limestone that formed

during earlier periods of coral reef building.

� Since coral reefs only form in shallow water, geologists conclude that the continental

margin is gradually subsiding

� Submarine Canyons and Abyssal Fans:

� Some canyons are extensions of river valleys on continent. These were formed when sea

level was lower during ice age.

� Others extend to deeper depths than the low sea levels. These canyons created by

turbidity currents.

� As the currents slow, the suspended sediment is deposited to form turbidites.

� Turbidites are characterized by graded bedding: coarse grains at bottom.

Marginal seas

Note some problems with terminology: Sea can mean a lot of different things, including the whole ocean. Most oceanographers use it to mean a rather large, semi-enclosed body of water connected to one of the oceans (e.g., Mediterranean, Caribbean, Cortez, Okhotsk, Japan, East China, South China, Bering, Chukchi). However, it is also used to mean part of an ocean (Sargasso) or a large lake (Caspian sea). Except as a place name we will use it primarily to mean any semi-enclosed semi-enclosed body of water connected to one of the oceans, including bodies not officially named a "sea". 

Gulf is also used heterogeneously (e.g. Sea of Cortez = Gulf of California), as is Bay (Hudson's Bay, Bay of Bengal). 

Some marginal seas are deep (Mediterranean, Red Sea, Gulf of Mexico) and generally tectonically active: Mediterranean is closing, Red Sea is parting. Most seas are shallow (e.g. Bering, Chukchi, Okhotsk), essentially part of the continental shelf. In terms of continental blocks, these regions are not different from other parts of continents.

SEDIMENT AND ROCKS OF THE DEEP SEA FLOOR

� Continental crust can be as old as 3.9 billion years old; oceanic crust is no older than 200 million

years old because old crust is destroyed at subduction zones.

� Basaltic Oceanic Crust

� Layer 3 (lowest):

� Layer 2 (Middle): .

� Layer 1 (Top):

� Terrigeneous sediments:

� Pelagic sediments:

� The Abyssal Plains:

� The thickness of the sediments can vary. The Pacific ocean has sediments of less than 600 m

thick, while the Atlantic can have sediments up to 1000m thick. Trenches act like sediment traps

and contain the deepest sediments (can be > 9 km thick).

CONTINENTAL MARGINS

� Continental Margins:

� Passive Margin:

� Active Margin:

CONTINENTAL MARGINS: FORMATION

� Passive continental margins are produces during the breakup of a continental landmass:

Example Atlantic Ocean

� Upwelling of mantle material causes doming, which fractures crust

� As seafloor spreading continues, the crust cools leading to shrinkage. This causes

subsidence.

� Subsidence is also causes due to the weight of accumulated sediments from land.

� Active continental margins: along some mountainous coasts, the continental margin

descends rapidly into an oceanic trench

� The trench is between the continental margin and oceanic basin

� Active continental margins are created when the leading edge of a continental plate

overruns a oceanic plate

� These margins are found off the pacific coast of South America
SEA-FLOOR MAGNETISM

� Vines and Matthews (1963):

1. the Earth’s magnetic field can reverse polarity

2. researchers found that ocean rocks have strips of high and low magnetic intensity

3. high intensity magnetism = rocks of normal polarity; low intensity = reverse polarity

4. strips of magnetism correspond to new oceanic crust created at oceanic ridge systems

� By 1968, most geologist accepted theory of plate tectonics

OCEAN FLOOR TOPOGRAPHY

� Ocean floor is divided into 3 major units: look at characteristics and features.

� Continental margins

� The deep ocean basins

� Mid-ocean ridges (MOR)

MID-OCEAN RIDGES AND PLATE TECTONICS

� MOR are continuous mountain ranges in ocean. They exhibit extensive faulting and volcanic

activity on the newly formed crust

� Mid-ocean ridges are found in all of the major oceans and form 20% of the Earth's surface

� Mid-ocean ridges consist of layers of basaltic rock that have been faulted and uplifted

� The ridge crest is an active rift zone with frequent earthquakes. It is the site of the

additions of new basalt during sea-floor spreading.

� Transform faults cut across the MOR and allow the crust to spread

� Mid-ocean ridges represent diverging plate boundaries

� As plates move apart, magma intrudes into fracture zone (Ridge crest). This generates

new lithosphere

� Oceanic crust formed at mid-ocean ridges forms an Ophiolite complex, which

describes its structure

THE OCEAN FLOOR

� Many of the same processes that created landforms also created ocean floor topography:

� Erosion and mass-wasting

� Sediment deposition

� Tectonic activity

� The formation of the oceans (as well as the continents) can be explained using the theory of plate

tectonics

� Many explorations of the ocean and ocean floor by scientific expeditions have been made. Some

of the earliest expeditions were:

� James Cook (3 voyages: 1768-1779):

� Darwin (HMS Beagle: 1831-1836):

� Challenger Expedition (1872-1876):

STUDYING THE OCEAN FLOOR

� Scientists measured ocean depths by lowering weighted line (Challenger)

� Now measure depth with echo sounder or seismic profiler:

� Transmits waves toward bottom, records time to receive echo's.

� Velocity of sound waves in water is 1500 m/s

If it takes 6 seconds to receive the echo from a sound wave, how deep is the ocean?

� Samples of ocean crust are taken by dredge samplers and sea-floor drilling.

SEA-FLOOR MAGNETISM

� Sea-floor magnetism is a record of the Earth’s magnetic field

� Iron minerals act like small compasses and record the Earth’s magnetic field at time of

formation.

� During 1950's and 1960's detailed mapping of ocean floor found the global oceanic ridge system

and evidence for the young geologic age of the ocean floors.

� Harry Hess (1960's): .

1. ocean ridges are sites of oceanic crust formation when magma rises from mantle

2. the new crust moves towards deep ocean trenches where the crust is consumed

ACTIVE CONTINENTAL MARGINS: FEATURES

� Deep-ocean trenches:

� Trenches are the sites where moving crustal plates are destroyed as they plunge in the

mantle

� Trenches are associated with volcanic activity. Trenches are often paralleled by volcanic

island arcs (Andes in South America)

� Island Arcs:

� Accretion of island arcs to continental crust builds continents

DEEP-OCEAN BASIN: FEATURES

� Deep-ocean basin:

� Forms 30% of Earth's surface

� The basin is mostly a very flat regions with other interspersed features: Abyssal plains,

Deep-ocean trenches, and seamounts

� Abyssal plains:

� Seamounts:

� Can rise hundreds of meters

� Seamounts form near sea-floor spreading

� If the volcano grows rapidly enough, it can emerge as an island.

� The islands are gradually eroded and the island sinks as moving plates carries the island

away from the ridge area. Then forms submerge, flat-topped seamounts called guyots

GEOLOGIC RESOURCES OF THE OCEAN FLOOR

� Petroleum forms on the continental shelves.

� Mineral resources are deposited around submarine volcanoes (hydrothermal vents) and

precipitated as maganese nodules.

The Chemistry of Sea Water 

Salinity 

Salinity is the total quantity of dissolved solids in sea water.


The average salinity of sea water is 35 parts per thousand (ppt).  



Salinity can range from 0 up to 37 ppt or so.


Consider evaporating 1000g of sea water.  The residue in the pan after complete evaporation would weigh about 35g.  


         35g of residue/1000 g of seawater = 35 ppt

 The principal of constant proportions  The Oceanic Salt Balance. The concentration of dissolved solids in the ocean is controlled by the balance of the inputs and outputs.  When input equals output, the concentration is fixed.  Under these conditions, the ocean is considered to be in CHEMICAL EQUILIBRIUM.


The stability of the composition of the ocean is supported by estimates of the residence time of the major constituents in the ocean.


Residence time = total amount of constituent in ocean/rate of either input or output of constituent


e.g. residence time of chlorine in ocean is 100 million years!

Residence time = ( = mass/mass inflow = volume/volume inflow


Because the residence times of the major constituents are much longer than the average mixing time of the ocean (1,000 years), the ocean is homogeneous and very close to CHEMICAL EQUILIBRIUM.

 The Major Constituents of Sea Water 
Constituent

Weight %

Water (H2O)

96.5

Chloride (Cl-)

1.9

Sodium (Na+)

1.1

Sulphate (SO4--)

0.3

Magnesium (Mg++)
0.1

Calcium (Ca++)

0.04

Potasium (K+)

0.04

Bicarbonate (HCO3-)
0.01

_________________________

Total


99.9

Therefore, the remaining MINOR constituents only make up 0.1% of sea water.  Within this 0.1% are the biologically important elements (C, N, P and Fe) which are the basis of all life in the ocean.

 Dissolved Gases in Sea Water 
The concentration of N2, O2, Ar and CO2 in the present day atmosphere is:

N2 = 78%

O2 = 21%

Ar = 1%

CO2 = 357 ppm

In the ocean, the proportion of these gases is much different than in  the atmosphere due to different solubilities of the various atmospheric constituents.  

In the ocean, the concentrations are roughly:

N2 = 10-18 ppm

O2 = 0-13 ppm

Ar = 1 ppm

CO2 = 64-107 ppm

O2 and CO2 are involved in biological cycles near the surface of the ocean.  The two most important reactions are photosynthesis and respiration:

Photosynthesis:

6CO2 + 6H2O ---> 6(CH2O) + 12O2
Respiration:

6(CH2O) + 12O2 ---> 6CO2 + 6H2O

These reactions influence the concentration of CO2 and O2 in the ocean.  Surface waters are saturated with O2 and slightly undersaturated with CO2.

 What controls the pH of sea water? 
pH = -log [H+]

where [H+] equals the hydrogen ion concentration in sea water

H2O <===> H+ + OH-

pH of pure water = 7.0 (neutral)

[H+] of pure water = 1 x 10^(-7) moles of H+ per mole of water

Add acid to water --> increase [H+] and decrease pH

Add base to water  --> decrease [H+] and increase pH

pH of sea water = 7.8+/- 0.4 and is controlled by the CHEMICAL EQUILIBRIUM of the ocean.

 Dissolving CO2 in the ocean
The following equations describe the various transfomations of CO2 as it dissolves in sea water.

CO2 + H2O <===> H2CO3
H2CO3 <==> H+ + HCO3(-)
HCO3- <===> H+ + CO2(2-)
Therefore, the ability of the ocean ot take up additional CO2 from the atmosphere is dictated by a number of chemical reactions all of which are reasonably happy where they are.  

The Physics of Sea Water 

Water's unique heat capacity 
Heat capacity is defined as the amount of heat needed to raise the temperature of a substance 1oC.  Water has a high heat capacity which influences many biogeochemical cycles in the ocean.  

For example, the onshore/off shore wind patterns near the coast is a direct result of waters high heat capacity relative to land.  

 The Density of Sea Water 
What happens to the density/temperature relationship when we add salt?

1) Adding salt to pure water tends to increase the boiling temperature and decrease the freezing temperature.




a. SW freezes at -1.9oC




b. SW boils at 100.5oC

2) If the salinity of water exceeds 24.7 ppt, the maximum density of sea water is not reached before it freezes.

 The Density Structure of Sea Water 
Temperature and salinity are the two factors which control the density of sea water.


1) increasing salinity causes increased density.


2) decreasing temperature causes increased density.

Of the two, temperature is slightly more important.

The ocean can be divided up into three different water mass types.

1) The upper 200m of the water column is called the Photic Zone (or the surface mixed layer).

2) Below the photic zone, is the thermocline region where temperatures drop and density increases rapidly from 200 to 1200m.

3) The deep ocean is everything below the base of the thermocline.  Relatively  homogeneous.

 Light Penetration in the Ocean 
Solar radiation can be thought of as a bunch of WAVES with different wave lengths.  A wave can be characterized by the following schematic:

The depth to which a certain type of light will penetrate depends on  the amount of energy at the surface and the tendency for water to absorb the light in question.  For example, red and orange are completely absorbed in the upper 10m while blue and green penetrate to 100m.  The reason for this difference has to do with the 

ability of water to absorb radiation with a specific wavelength.  At the risk of oversimplification, water prefers to absorb red and orange relative to blue and green. 

60 % of the incident solar radiation at the surface of the ocean is absorbed at 1 meter; 99% by 100m.

Blue and green light have deepest penetration.  Scattering of this light causes the ocean (and sky) to be blue/green (blue) in color .

The attenuation of sea water depends on the turbidity of the water. 

 Higher turbidity causes increased attenuation.

The color of objects is actually the primary light that is reflected from the object.   We identify the color of objects based on the reflected light.   Green plants therefore primarily reflect green light.

The speed of light in air is about 3x10^8 meters/second. 

The speed of light in the ocean is considerably slower than in air.

As light impacts the air/sea interface, it slows down.  This deceleration causes the light to bend when the light impacts the ocean at an angle.  We refer to this phenomenon as refraction.

 Sound in Sea Water 
Sound waves are produced by rapid pressure changes in an elastic media.  The wave radiate from the source like the ripples generated by throwing a stone in a pond.

Sound is absorbed, reflected and scattered in sea water by bubbles, animals, and the ocean basins.

The speed of sound in water is ~1500 m/sec (about five times faster than in air).  

The speed is dependent on the temperature and pressure (depth).

Increasing temp. and depth cause the velocity to increase.

There is a minimum in the speed of sound located at around 1200 m (near the bottom of the thermocline).  Sound waves are trapped in this channel and propogate horizontally across the ocean.  This channel is called the SOFAR channel.

The SOFAR channel is a layer of water with low sound velocity.  It stands for SOund Fixing And Ranging.

This channel has recently been of interest in trying to assess increases in sea surface temperature related to global warming.

Expts. like the Heard Island and the GAMOT utilize the sofar channel.

 Who Uses Sound in Sea Water? 
The primary use of sound (sonar) in the ocean is for navigation, ranging, and location.  Sonar stands for sound naivgation and ranging. Active sonar utilizes a sound source and monitors the reflection.


1) Submarines


2) Whales and dolphins

Passive sonar simply listens for sound.  Military operations have advanced this type of sonar due to its stealth qualities.

Deep Ocean Basins

Contain abyssal plains, deep sea trenches, and seamounts Cover about 30% of Earth's surface 

· Abyssal Plain
Flat, deep ocean floor.
Depth may be 2 - 3 miles or more
Thick accumulations of sediment bury topography of oceanic crust 

Types of sea floor sediments: 

· Terrigenous sediment
Mineral grains from weathered continental rocks
Fine-grained sediment (clay, mud)
Accumulates slowly (5000 to 50,000 years to deposit 1 cm)
Color may be black, red or brown 

· Biogenous sediment
Biological origin - primarily shells and skeletons of microscopic plankton

· Calcareous oozes
Remains of foraminifera and coccolithophores
May form chalk 

· Siliceous oozes
Remains of radiolarians and diatoms
May form diatomite or chert 

· Phosphatic material 
From bones, teeth and scales of fish 

· Hydrogenous sediment
(Authigenic or diagenetic minerals)
Minerals that precipitate from sea water by chemical reactions.
Example: manganese nodules 

· Deep Sea Trenches
The deepest part of the oceans
May exceed 10,000 m deep (30,000 feet, or nearly 5 miles)
Deepest is Mariana trench in Pacific Ocean (more than 11,000 m or 33,000 ft)
Occur at subduction zones where oceanic crust is forced downward into the mantle
Associated with earthquakes (Benioff Zones) and volcanoes 

· Seamounts
Undersea volcanic peaks which formed along mid-ocean ridges or over hot spots
May be eroded flat on top and called guyots
Subsidence occurs after volcanic activity ceases; crust moves away from ridge or off hot spot.
May be ringed by coral reefs called atolls (circular reef surounding lagoon over now-submerged volcanic peak)

Coastal Processes

Outline 

Water Movements

1. Waves 

2. Tides 

3. Currents

Sea Level Changes

 Ocean Waves and Tides 

 What is a Wave? 
Dictionary says: disturbance or variation that transfers energy progressively from point to point in a medium.  The form is that of an elastic deformation 

In the ocean, a wave produces circular motion of water but the water does not move forward with wave.

 Wave Production/Dissipation 
There are two forces which make and break waves:


1)  Disturbing Force
eg wind, earthquakes, moon’s gravitational pull, landslides


2) Restoring Force,
usually gravity

 How do we classify waves? 
Basic measures of a wave are the wavelength (L), the wave height (H), the velocity of the wave (normally use celerity as velocity implies direction but we'll stick with book notation here) (V), and the frequency of the wave (v) which is the inverse of the period (T)

    T = 1/v  (note capital V is velocity and small v is frequency)

Since we are talking about different types of waves propagating through sea water, there are some easy equations which can be used to better understand wave propagation in sea water.

One easy characteristic of a deep water wave (water depth > 1/2L) to measure is the period (T) (time for two sucessive wave crests (or troughs) to pass a certain fixed point.

Knowing the period (T) we can estimate the velocity of the deep water wave (V)

V = 1.56T (in meters per second)

Maximum wave heights (H) of deep water waves are 1/7 of the wavelength.   

Reasonable estimate of largest wind generated storm waves:

Period = 12 seconds, wavelength = 225meters

V= 1.56 (12 seconds) = 18.8 meters/second = 42 mph

Max height = 1/7(225m) = 32m = 105 ft (about 35 yards)

 Most wind waves are deep water waves (d>L/2) which travel at a speed which is = 1.568( the period T).  Longer wavelengths travel at faster speeds.

Waves tend to group themselves by wavelength (and speed).  These groups are called wave trains which actually travel at 50% of the speed of the individual waves.

 Wave Interference 
When one wave train overtakes another, the resultant surface waves are distorted relative to either train.


a) Constructive interference occurs when crests and troughs are roughly in phase.


b) Destructive interference occurs when the waves are ~180 degrees out of phase

If the wave is a shallow water wave (water depth < 1/20 of L), 

V= 3.1 x water depth^0.5 (meters per second)

As a deep water wave approaches the shore, the period remains constant.  As the wave "feels bottom" the frictional drag of the wave on the bottom slows the wave down.  In order to maintain period, the wavelength must decrease.  The waves tend to bunch up against one another as they approach the shore.  In addition, the heights of the waves will increase as the deep water waves approach the shore.

The wave will break when water depth is 4/3 of the wavelength.  (a 3m wave will break in 4m of water).

BENDING AND BOUNCING WAVES 
Refraction is the tendency to bend a wave which approaches shore at an angle.  The human wave in Beaver stadium can be viewed as a refracted wave.  Wave velocity in the upper sections is greater than that near the field.

Diffraction occurs when a wave train runs into an object(s) which interrups the train.  In some cases, the interruption will set up a new set of waves which are the diffracted waves.

Reflection of the incident wave occurs when a wave impacts a barrier head-on.  Under these special conditions, much, if not all, of the incident energy is reflected.  In some special cases, a standing wave

will form. 

                 MONSTER WAVES 

Storm Surges

As a tropical storm approaches land, the low atmospheric pressure tends to draw water up into a mound near the center of the storm.  As the mound approaches the shore, its height increases (like deep water waves) until it ultimately breaks on shore.  The damage associated with storm surges generally outweighs that resulting from the high wind velocities.  


Tsunami

A Tsunami (word originates from the Japanese words for a harbor and wave) results from a vertical displacement of earth in the ocean.  The most common form of displacement is along faults and generally 

accompanies some severe earthquakes accounting for the label of a seismic sea wave = Tsunami.  These waves have extremely long wavelengths (<200km) and are therefore shallow water waves (average depth of ocean = 5km which is much less than 200km/2 = 100km).  They travel at speeds approaching 200 meters per second.  

These waves are nearly imperceptible in open ocean as their heights are only 60cm.  However, as the Tsunami approaches land, the height can grow to about 30m.  The waves are extremely destructive.  Fortunately, a warning system was put into place in 1948 to alert countries which are about to be hit by a tsunami.  

Jetties along Lake Ontario near Detroit, Michigan. 
Can you tell the direction of longshore drift?

[image: image1.jpg]



A classic paper in Scientific American has aerial photos of many of the sites. Bascom, Willard, 1960, Beaches, August 1960, Scientific American. I located this paper in a Scientific American book called Ocean Science, which is a compilation of articles. 

Erosional features formed by waves:

· wave-cut cliffs 

· wave-cut platform 

· sea arches 

· sea stacks

Sea Arch, Kilauea Volcano, Big Island of Hawaii
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Coastal erosion at the north end of Jekyll Island, Georgia is cutting into a forest. Note downed trees in the surf zone. 
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Note that man-made structures along the coastline may enhance coastal erosion (seawalls for example, or down-current from groins and jetties).

Sea wall attempting to prevent coastal erosion, south end of St. Simons Island, GA 
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Snow fences on the beach at Tybee Island, Georgia, used to slow wind and cause sand deposition from wind. Note the dune building that has occurred between the fences.
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Vegetation stabilizes coastal dunes. 
Signs ask visitors not to walk on the dunes to protect the vegetation.
Tybee Island, Georgia 
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Depositional features formed by waves:

· spits 

· bay-mouth bars 

· tombolos 

· barrier islands 

· buildups produced up-current of groins and other hard structures built along the shoreline, or behind breakwaters that are built parallel to the shore

Tides

There is a rise and fall in sea level of approximately a meter or more, once or twice per day. 

Cause of tides?

The moon's gravitational pull.

A bulge in the water on the Earth's surface occurs on both the side facing the moon and the side away from the moon.

The highest tides in the world occur in the Bay of Fundy in Nova Scotia, Canada. The tidal range is 15-16 meters (approximately 45-50 feet). Because there are 2 high tides and 2 low tides in each day (roughly a 24 hour period), then the tide must come in within about a 6 hour period. As a rough estimate, the tide rises about 8 feet (or 96 inches) an hour (48 feet divided by 6 hours). This translates to a tide which rises at more than one inch per minute. If you have walked down a beach with a steep cliff along side (which is common there), be sure to watch the tides. If you walk for about an hour and then notice that the tide is coming in, the water will be over your head before you get back to where you started!
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High tide and low tide at Five Islands Provincial Park, Bay of Fundy, Nova Scotia, Canada
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High tide and low tide at Five Islands Provincial Park, Bay of Fundy, Nova Scotia, Canada
· [image: image10.jpg]Parela Gare, 1988



Rising tides produce flood currents. 

· Falling tides produce ebb currents.

Areas that are alternately submerged and exposed by rising and falling tides are called tidal flats.

Tides at certain times of the month are unusually lower or higher than at others. The reason for this has to do with the position of both the sun and the moon relative to the Earth. If all three are lined up in a straight line, the tides will have a higher tidal range. They are called spring tides. But if the sun and moon are at right angles to one another, the tidal range will be lower. These tides are called neap tides.

Tides are used in Nova Scotia (at Annapolis Royal) to generate electrical power (and also in France, Russia, and China). See chapter on Energy and Mineral Resources in your textbook.

Currents

Currents are the unidirectional flow of water. 

You have already learned about turbidity currents, longshore currents, flood currents, and ebb currents. 

You also need to know about rip currents (sometimes incorrectly called rip tides). When waves approach the coast at an angle, and the water rushes straight back into the sea, along some coastlines, the waters that rush back are concentrated into relatively narrow zones (perhaps up to 25 m or 82 feet wide), which can reach speeds of several miles per hour. These rip currents are responsible for drowning deaths at beaches in the US and around the world each year. Typically people who are wading or swimming accidentally venture into the rip currents, and they are pulled out to sea. It is impossible to swim or walk against these currents (if you try, you will end up swimming or walking backwards out to deep water). It is best to try to move out of the current by going parallel to the beach; if you are lucky you will get out of the current. Knowing this may save your life some day.

There are also other currents in the open ocean which you might study in an oceanography course. (For example, the Gulf Stream is a current.) These currents are often controlled by winds (the trade winds, for example) or by uneven solar heating of the earth. Currents (and winds) are acted upon by the Coriolis effect. The Coriolis effect is the tendency for currents (or other moving things) in the northern hemisphere to turn to the right, and for currents in the southern hemisphere to turn to the left. This is due to the Earth's rotation, and its influence on currents was first noted in 1835 by Gaspar de Coriolis.

Surface water currents in the world's oceans tend to form large circular patterns or gyres. In the northern hemisphere, these gyres rotate clockwise (turning to the right), and in the southern hemisphere they rotate counterclockwise (turning to the left). In fact, the aforementioned Gulf Stream, flowing northeastward along the east coast of the US, is part of one of these gyres.

So far, we have mainly discussed surface currents, but there are other currents in the oceans, acting at great depths. For instance, cold waters flowing from the Antarctic region are dense (because they are so cold), and they sink to the ocean floor and flow northward. (Note that cold water can hold more oxygen than warmer water, so bottom waters in the world's oceans tend to be oxygenated (but as it moves away from Antarctica, it gradually becomes depleted in oxygen). 

Due to the rotation of the earth, all free moving objects appear to an earthbound observer to be deflected to the right (in the southern hemisphere the apparent deflection is to the left). This deflection known as the coriolis effect can be thought of as a "force" that changes the motion of the object. The "coriolis force" acts perpendicular to the direction of motion, with a strength than increases with the velocity of the object (wind speed) and with the sine of the latitude.

Fc = 2 v omega sin ø

v: velocity (wind speed)

omega: angular rotation velocity of the earth = 7.29 x 10-5 rad/sec

ø: latitude

The Quito-SC missile problem:
Each day Quito, Ecuador (0oN, 79oW) makes one revolution around the earth's axis.  The total distance (circumference of the circle drawn by Quito is 24,864 miles).  Quito is therefore moving towards the East at a speed of ~1,000 miles per hour.  Mines, on the other hand is making a circle with a circumference of 18,864 miles each day.  Mines is threfore moving East at a speed of 787 miles per hour.

 A missile launched from Quito towards Mines (transit time of 1 hour) would not hit Guggenheim Hall.  It would land somewhere close to Kansas.

This phenomenon is known as the Coriolis effect.  You can think of it using the "left thumb rule".  Any object moving on the surface in the northern hemisphere of the Earth will be deflected to the right.  Orient your left hand with fingers pointed in direction of travel, your extended thumb is pointing in the direction of the deflection.

In Southern hemisphere, you must turn your hand over (holding the globe up), point your fingers in direction of motion, and this time your thumb will point to the left.  Objects are deflected to the left of travel direction in the southern hemisphere.

Upwelling 
Upwelling water is veritcally displaced water which is driven by divergent surface circulation.

Two types of upwelling are:

Equatorial - notably the Pacific

Coastal - California coast

Upwelling is important because it supplies nutrients to the photic zone resulting in high productivity.

Sea Level Changes

Sea level is caused by a combination of things. The total volume of water in the oceans at any given time. Note the effects of glaciation causing sea level to drop (and melting of the glaciers causing sea level to rise), and the displacement of sea water onto the land by increased rates of seafloor spreading and undersea volcanism (with the submarine lava displacing the water) as two examples. Sea level may also change locally due to localized subsidence or uplift of the coastline.

· The Mississippi delta region is currently sinking, and so in that area, sea level is rising rapidly, and delta marshes are being invaded by the sea. 

· The New England region, as well as Canada, is currently rising (through isostatic uplift because of the removal of the glaciers).

Sea level may also appear to change as a result of the deposition of sediment.

Because of sea level increasing or decreasing, shorelines may be described as emergent coasts (coastal land is rising relative to sea level) or submergent coasts (coastal land is sinking relative to sea level; sea level is rising).

· Emergent coastlines are characterized by cliffs. 

· California

· Submergent coastlines are characterized by drowned river valleys called estuaries. 

· Chesapeake Bay 

Global warming seems to be causing sea level to rise.

Sea level has been rising at a rate of 10-15 cm over the past 100 years. That is equal to 1 to 11/2 cm of sea level rise in 10 years. That seems almost too slow to notice, but the rate seems to be accelerating. 

COASTAL ZONES & PROCESSES 

I.  COASTLINES IN GENERAL


Tectonics


Active margins = cliffs, narrow cont. shelf, steep dropoff


Passive margins =broad beaches, broad shelf, sdy offshore islands


Beach



Beach face/ tides (high/low)



Berm



Dunes/Cliff


Tides



Spring = sun and moon aligned = max. tide



Neap = moon and sun at right angles


Wave Base vs. Storm Base
Beaches

Beaches are sort of train stations for sediment transport.  As such they:


1) provide TEMPORARY sediment storage


2) Sources of sediment are up stream.


3) Sediment leaves beaches to move to other beaches or ultimately into a submarine canyon where it is transported to deep ocean.

General Beach Components:

1) Backshore area extends from the berm to the cliff or sea wall

2) Foreshore area lies between surf zone and berm


3) Offshore area is below the low tide level.

Beach profile is time transgressive.  Build up beach in summer when storms are less intense.  In winter, beach sand is transported off shore into long shore bars by intense storms.  Big storms can move amazing amounts of beach sand.

Barrier Islands are formed parallel to coastlines.  The largest barrier islands formed about 6,000 years ago when sea level was slightly lower than today and rising slowly.  As sea level continued to rise, sediment was continually moved from the ocean side of the island to the land side causing the island to migrate towards the mainland.  

These islands are extremely susceptible to large storms due to their low profile.

II. SEA-LEVEL CHANGE


Causes of Long term change



Plate movement - earthquakes



Glaciation (buoyancy of lithosphere - rebounds when ice removed)



Sediment loading - sediments may sink lithosphere (Gulf of Mex)



Melting ice caps = increase water plus water expansion with heat



Groundwater pumping = land subsidence


Signs of Changing Sea Levels



Wave-cut platforms = land rising or S.L. falling




Step-like terraces




Rocky coasts



Drowned River valleys = S.L. rising




Estuaries




Steep-walled fjords = drowned glacial valleys

III.  COASTAL EROSION, SEDIMENT TRANSPORT, DEPOSITION


Longshore Current + Coriolis Effect = oblique waves = littoral drift


Source of continued sand supply = streams and/or wave erosion 


Stabilization of Sandy Beaches (Boston Harbor)



Groin or jetty - perpendicular to shoreline



Breakwaters - moderate wave action



Up-stream dams




Reduces sand supply 




Mudflats of Colorado River delta




Increases erosion of Mississippi delta



Import sand



Miami Beach = $65 million (late 1970's); 10mi x 300 ft wide




Ocean City = $5.2 mill (1982) lasted 2.5 months




Mineralogy not matched - finer replaces coarse sand = muddier 



= suspended seds = unsightly and deadly to organisms.





Coral reefs damaged off Waikiki


Cliff Erosion



Wave refraction - rounds edges; cliff material important 



Seawalls (Galveston)



Riprap



Breakwaters - only slows erosion
IV.  DIFFICULT COASTAL ENVIRONMENTS


Barrier Islands



Long, low narrow islands paralleling coastline offshore



Origin?  Longshore currents?  Sea Level changes?



Vulnerable to storms - low relief, unconsolidated material



Retreat landward with time - NOT STATIC FEATURES




Atlantic Coast = 2 m (6 ft) per year



Unstable features on which to build 



Aesthetic appeal - 20% of US barrier islands developed



Shoreline stabilization efforts = expensive and futile; worse in future with sea level rise

Estuaries



Brackish water open to the sea, mixing of fresh and salty water



Modification of salinity disasterous to organisms



Limited water circulation



Vulnerable to pollution



Many large cities located beside estuaries (New York, SF)



SF bay = increase in salinity as fresh water diverted to LA



Land Reclamation fro Estuaries




SF fill - buildings suffer from ground shakings in earthquakes




Pressure to develop




Zuider Zee (Netherlands) - reclaimed in 15th century

V.  COASTAL DYNAMICS


Present and Future Sea-Level Trends



Rise about 1/3 m (1 ft) per century



Small rise = large inland retreat of shoreline; several meters/yr 



Examples of beach erosion with a 1 ft rise in sea level




15 to 30 m in the northeast




65 to 130 m in California




Up to 300 m in Florida




An avg. commercial beach is about 30 m wide



Greenhouse effect = rising temps = melting ice cap = faster SL rise



Flood 30 to 70% of coastal wetlands


Storms and Coastal Erosion



Storm surges = temporary elevated water level



Erode berms, dunes, cliffs

VI.  RECOGNITION OF COASTAL HAZARDS


Elevation


Vegetation to stabilize beach sand/slope


Landslide potential


Water level


Tsunami threat


Type of material along coast (erosion potential)


Geologic maps and information from Geological surveys

Coast Examples/Profiles


Hawaii - sandy beach


Hawaii - wave action on lava flow coastline


Oregon Coast


Oregon Coast


East Coast - Maryland

Sea Level Changes


Wave cut platform

East Coast - Erosion/Stabilization/Sedimentation


New Jersey Jetty


Boston Harbor morphology

West Coast - Erosion/Wave refraction


Wave refraction - Coral Reefs, Hawaii


Wave refraction - Oregon coast


Oregon Coast


Oregon Coast


Oregon Coast


Oregon Coast


Moss Beach - CA

Stopping Cliff Erosion


Riprap


Seawall - Harpswell Neck

Barrier Islands - Fragile environments


Texas coast - offshore


N. Carolina outer banks


Galveston Island

Beach Stability


Vegetated sand dunes

Storms


Hurricane Andrew

Sea Level Rise


Transgressive beach - upper Texas coast


Transgressive beach - Colorado River delta, TX


Boston Harbor with Airport

