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Exploration of the Oceans -  Spring 2003

Review sheet for final exam.

Note:  Final exam will count for 40% of grade.  It will be comprehensive, but weighted to last third of course, hitting the most basic concepts you should know from the first two thirds of the course.

First third of course:

1. Forbes and the concept of the abiotic ocean at depths >550m.

2. What you need to find latitude and longitude.

3. First comprehensive map of ocean bathymetry by Heezan and Tharp in 1950’s.

4. Age of earth and universe.

5. Concept of differentiation during formation of earth – dense material to core, lightest material to atmosphere.

6. Terminology:  core, mantle, crust, bathymetry, shelf, slope, rise,  sea-floor spreading, subduction zones, AUV, ROV, sediment trap, echo sounder, calcium compensation depth (CCD), carbonate ooze, siliceous ooze, seamount, guyot
7. Why we have shallow shelves on most continental margins.

8. Differences between continental and oceanic crust.

9. Stripes of alternating magnetic anomalies on ocean floor, use of magnetometer to detect them, why they exist and what they can tell us.

10.   Wegener was originator of concept of continental drift – saw continents as a jig-saw puzzle.

11.   Crustal plates can move apart (mid-ocean ridges), move together and sink (subduction) or slide past each other (transform faults).

12. Typical sea-floor spreading half-rates.

13.   Speed of sound in seawater

14.   Sea level change between the last glacial maximum (most continental ice) and present.

15.   Red clay sediment found in deepest part of ocean, rich in iron.

16.   Terrigenous, biogenic, authigenic sediment

17.   Where are carbonate and siliceous oozes found.

18.   Concept of sediment coring to reconstruct history of particle deposition at coring site.

19.   Typical sedimentation rate in open ocean – 1 cm per 1000 years (kyr).

20.   Know coccolithophores, foraminers, diatoms, and radiolarians and what they are made of.

21.   Know names of major ocean basins

2nd Third of Course:

Properties of Seawater I

1. Molecules are held together by bonds, and made of atoms, which are the smallest units of an element.  Elements can have several isotopes, which have different numbers of neutrons in nucleus.

2. Increased pressure causes melting (unlike mantle rocks) – so ice skates glide on thin layer of liquid water.

3. Water really unusual, mostly due to hydrogen bonds.  High melting and boiling temperatures!  Heat capacity!  Solvent power!   Water is called the universal solvent!

4.   Cations, anions, dissolution of ionic solids, hydration sphere, idea saturation of water by a dissolved salt (seawater has high Na+ and Cl-, but nowhere near saturation).

5.  Why does ice float?  Density of ice (iceberg, 90% submerged).  Density, ice, hydrogen bonds, rigid cage of ice vs. nesting molecules in the liquid., so liquid at 4°C has highest density, ice much less dense because molecules held away from each other by cage structure.  3.98°C is highest density in PURE water (but highest density of seawater is at freezing point, which is < 0°C).

6.   Solutes in Seawater.  Salt ions, metals, nutrients, gases, organic molecules, 

7.   Salinity:  Average salinity =  35 ppt, means 35g per 1000g water, or 3.5% salt by weight.  See green text box on “Parts per Thousand” in book.

8.   Major constituents:  six most abundant >99% of dissolved substances in seawater (even including non-salts).  These ions are conservative.
9.  Nutrients:  needed for photosynthesis, like garden, N, P, Si (for diatoms) 

10.   Gases:  See tables.  N2, O2, CO2, more soluble at low temperature.  

11.   Principle of Constant Proportions:  Since Challenger expedition, know that total salinity changes, but not ratio of ions, so acts like varying dilution of the same seawater.

12.   Residence time:  bucket analogy, RT = reservoir size/input (output) rate.  Assumption of steady state must apply.

Seawater Properties II

II.  Temperature distribution in the ocean

1. Very warm seawater = 30°C (WPWP), Very cold seawater = < 0°C  (Polar)

2. Warm tropical band wider in west – driven by currents on western vs. eastern boundaries of basins.

3. Thermocline – permanent and seasonal

4. Constant low T in deepwater: always cold in deepwater, even under equator, so logical that deepwaters have their “source” (where they were last in contact with atmosphere) near the poles

III.  Salinity distribution

5. More complicated than T, does not just decrease with depth

6. Mostly salinity is defined by ocean interaction with atmosphere – addition or removal of water by precipitation vs. evaporation.  So surface salinity global distribution follows E-P curve

7. Map: highest salinity in central gyres, lowest in polar regions.

8. Coasts:  low salinity due to mixing of rivers and runoff (beach off NJ, typically salinity ~30).

IV.  Density

9.  Density is a strict function of Temp and Sal., but T more important overall in ocean

10. Pycnocline depth zone with sharp gradient in density:  closely corresponds to main thermocline.

11. Remember!  Pressure increases linearly with depth, but density does not.

12. Density must increase with depth, or water column is unstable and must mix vertically.
Now we are set to talk about…

1. Gases
13. Previously, showed that the main gases in the atmosphere, N2 and O2, don’t have the same solubility in the ocean (O2 more soluble).

14. Solubility:  property of being dissolved or going into solution – limit is defined as how many molecules you can get dissolved in a liter of water before no more can “fit” in (bubbles form, solids precipitate).

15. Gas solubility: increases at colder T, lower S.

16. Units: mL/L, at standard atmospheric temperature and pressure

17. Most important gases: O2 and CO2 (N2 and other gases not nearly as reactive in the ocean).

18. Photosynthesis (reduction) vs. respiration (oxidation):

19. O2 consumed by respiration in deep ocean is more than balanced by advection of O2-rich water into deep water masses, so deepwater (today) never quite goes anoxic.  This happens only in poorly-mixed isolated basins (Black Sea).

2. Oxygen

20. high surface, low intermediate, moderate deep (WHY???)

21. Supply of O2 is from atmosphere (mostly) and some from ocean photosynthesis in euphotic zone, so surface is high (supersaturated ~4%).

22. O2 minimum layer:  150-1500m, where most of sinking organic matter from surface is respired.
23. Deepwater:  higher oxygen because carried there by sinking and advection of polar surface water, which has high O2 due to low temperature.  Also, low demand for O2, as most organic matter never sinks beyond intermediate water (~thermocline).

3. Carbon dioxide

24. VERY important in seawater – regulates the pH of seawater.  Ocean is slightly basic

25. Carbonate system:  combination of all the chemical forms (species ) of CO2, and reactions between them.  The sum of all these forms is called “Total CO2”.  The dissolved gaseous form is small compared to the ionic forms bicarbonate and carbonate.

26. Control of pH is through buffering action of carbonate system:  any addition of acid tends to be countered by shift in equilibrium, which consumes the acid added.  Same with base.

27. Remember!  Deep waters have high CO2, low O2, relative to surface waters.
28. Carbon as a nutrient:  mostly it is dissolved CO2 taken up by plants, but other forms of dissolved CO2 (like bicarbonate) are converted to CO2 as it is depleted.  
Wind and Ocean Currents

 I.  Wind:  

29. Pressure gradient: change in pressure across horizontal distance.  More change per distance is called a strong gradient.  Lines of equal pressure will be closer together.  Strong gradient gives strong wind.

I. Coriolis Deflection: basically wind and water don’t move straight DOWN pressure gradient because earth is spinning.

30. Coriolis force is a force only from the point of view of standing stationary on the rotating earth.

31. Coriolois force bends the the path of wind to the RIGHT in the N. Hemisphere (LEFT in S. Hemis).

32. Winds circulate in cells, driven by solar heating.  Three main cells in each hemisphere.

33. As these latitudinal bands of winds blow North and South, they are bent by Coriolis deflection to Right (NH) or Left (SH).

34. NJ:  prevailing westerlies – which cell are we in?

35. Summary:  Zonal winds dominate – largely in E-W bands

II. Surface Ocean Currents

36. most are driven by the wind, which “rubs” on the water, making it move.

37. Basic pattern is (Figure):  trades move water west, where it gets deflected poleward by the continents, and at mid-latitudes, westerlies move water east, then deflected south to complete a large “sort of” circle, called a gyre.
38. Amazing:  the sea really has hills and valleys, but only about 1m variation – that’s all it takes to create a large enough pressure gradient to drive surface currents.  The centers of the ocean gyres are hills, and the balance of pressure gradient and Coriolis force, causes the geostrophic currents.  These are all the major surface currents in the ocean.  But we just said they were driven by winds!  Yes, but the large gyres are driven indirectly by the winds.
39. Net Eckman transport, adding up all the speeds at all the depths in Eckman spiral, is 90° to right of wind.  So wind blows whole surface layer of water not forward, but at right angles to the right.  It has to, as long as Earth is spinning.  This can cause upwelling.
40. A second result of the earth spinning:  Water in each basin is piled up against the western (trailing) edges of basins (any basin).  Analogy:  take a pie pan of water, and try to run steadily forward.  If you can do it without spilling (great game!), water will pile up at edge near your stomach, and whole surface will be tilted relative to horizontal, and will stay that way as long as you keep running.  

41. So, mound is displaced to west, and currents flowing poleward at western side are constricted and therefore must flow faster, and be deeper as well – this is called western intensification, and causes western boundary currents like the Gulf Stream.
V. DEEP OCEAN CURRENTS

42. Generally very slow, hard to study, driven by density.
43. Thermohaline circulation – collective term for deep currents driven by sinking and advection of deepwater according to its temperature and salinity.

44. “Identity” of deepwater mass:  once leaves surface, doesn’t exchange with atmosphere any more, and T, S are fixed like a tag, only to be altered by slow mixing with other water masses.  Know NADW.
45. Global Conveyor Belt: a simple conceptualization that connects surface flow and deep flow into one continuous ribbon.  1000 years total circulation time, mostly spent in deep cold water since this is largest mass and currents are slow.  NADW is biggest driver of cycle.  Remember whole-ocean mixing time requirement for steady state?  If RT for an element is >>1000 years, then element is homogenized in ocean.  NADW necessary for drawing GS water north, bring heat to N. Atlantic and Europe.

WAVES
(simple treatment with little math)

1. Properties
46. height, wavelength, period (time from wave crest to crest, looking down from a pier.

47. Period:  classifies wave, from capillary waves to Tsunamis and tides 

48. C=L/T, that is celerity = wavelength (distance) divided by period (time).

2. Wind generation of waves:

49. depends on:  wind velocity, duration, fetch, starting sea state.

3. Wave motions
50. Note water doesn’t move, just the shape of the surface, the wave, and it’s associated motion energy.

51. Orbits:  nearly closed circles of water motion, decreasing diameter with depth, no motion at wave base = 1/2 wavelength.  Snorkling at reef, feel yourself sloshed forward, then back, with every wave, with only slow net motion forward.

52. Deep water wave:  does not “feel” bottom because wave base is above sea floor.

53. Shallow water wave:  slowed by friction with bottom, because wave energy is scrubbed off against bottom.  Very common in coastal areas.

4. Wave in shallow water (the beach!)

54. Refraction:  bending of a wave face, happens because of variable speed along crest as wave encounters friction with bottom in shallow water it approaches on an angle.

5. Tsunamis (Tidal waves)

55. nothing to do with tides, better called a seismic wave. Sudden shock, like deep-sea earthquake, initiates wave, not wind.

56. Very long and fast, but low height:  >100 kilometers, 500 mph, usually only 1m high.  Therefore always classified as shallow water waves, because wavelength is much greater than depth.

57.   Get huge wave height only due to “piling up” effect as wave slows in shallow water.

TIDES

58. Description:  tidal range = low tide to high tide difference.  
59. For a harbor or tidal estuary, we say ebb and flood for the outgoing and incoming tide.

60. Basic cause:  gravity of moon and sun, and centrifugal force.  Action is actually quite complex, affected by local geography, but very predictable.  

61. Tides are large, very long waves but have nothing to do with wind.

62. How often do we have tides?  Diurnal=one cycle (high+low) per ~24hr.  Semidiurnal=two cycles per day.  Mixed tides= vary irregularly twice daily.  What do we have in NJ?
63. Over a month, tidal range varies.  Spring tides = large range, high high and low low.  Neap tides = smaller range.
64. Mechanism:  remember gravitational attraction makes one bulge and centrifugal force (that which makes things want to go in straight out when you are spinning them, like flying off the merry go round when someone spins it too fast) make a bulge on opposite side of earth.
Biological Productivitiy in the Ocean

Ocean Habitats

1. Classification by location

1. Benthic vs. pelagic, and littoral vs. oceanic

2. Neritic (shelf water – littoral and sublittoral) vs. oceanic

3. Epi-, meso-, bathy- abyssal- and hadalpelagic zones  (Figure).
6. Also:  classification by illumination

7. Photic zone (also called euphotic):  where phytoplankton must live

8. Aphotic zone:  deep, no light 

Life cycles of plankton

Phytoplankton

9. Taxonomy- incredibly diverse, only similarity is that they all make energy from sunlight using one of several forms of Chlorophyll – otherwise as different as ticks are from tigers. 

10. Very abundant and small:  E. Huxleyi  (a coccolithophore) is one of the most abundant organisms on earth.  Synocococcus sp. Even more abundant.  

11. Diatoms:  tend to dominate where dissolved N,P, Si are abundant (near shore and upwelling regions), fast growing, frustule, like pill box, divide in 12-24 hrs, so can form blooms. 

12. Dinoflaggelates:  really weird, all types, have plucked photosynthetic apparatus from more primitive phytoplankton millions of years ago.  Have a “shell” but its made of cellulose (like wood), so don’t need nutrient Si, and can grow after diatoms deplete Si.  Some of these are toxic (red tide).
Zooplankton

13. Copepods:  Trophic level 2.  Eat little particles of phytoplankton VERY rapidly, due to currents made by appendages to get water near mouth.

14. Foramininfera:  (CaCO3 – remember?) -  Are really amaeba with an armored shell that has pores in it, also spines, and grows in chambers.  They extend protoplasm out through pores, can catch food particles.
65. Benthic animals:  a few words

15. Where does food come from?  MUST come from falling organic matter ultimately related to primary productivity in the photic zone.

16. Life for worms, living in mud:  Spring blooms (see below) can bring massive falls of food, so eat, have sex, and then slow way down till next season or year.

17. Worms carry the day:  there are 10’s of thousands of species, and can grow very densely in upper few cm of mud.

Concept of productivity

18. Concept of productivity and energy storage:  Measured in units of mass of carbon “fixed” per area of ocean, per time (g C/m2/yr).  Mean for ocean = 100 g C/m2/yr
19. Chlorophyll:  conserved throughout diverse phytoplankton

20. Producers: autotrophs (plants).  Consumers: heterotrophs (animals, bacteria, fungi).

4.  Marine Ecosystems: interactions that make up the whole.

21. Concept of trophic levels

22. Food chain vs. food web

23. Biomass and energy decrease drastically up the Energy pyramid
24. Consumers:  grazers (copepods, snails, sea urchins)


Predators – vary in cycles with prey


Scavengers (lobster!)


Filter feeders (make huge gelatinous nets)


Deposit feeders (ex:  worms eat a lot of mud to live off small fraction of good organic matter food.

25. Importance of bacteria for recycling nutrients in ocean.

26. 6CO2 + 6H2O + solar energy = C6H12O6 + 6 O2.  Remember this equation for photosynthesis and its reverse for respiration.

Limits on productivity in ocean.

Question:  Why can’t biomass be produced at a very high rate?  What limits productivity of the ocean and therefore energy flow through the whole oceanic ecosystem?  

27. Upwelling, mixing, turbulence necessary to keep nutrients up near light.

28. Paradox of phytoplankton – growth will use up nutrients – gravity does not help.

29. Productivity variations with location and season – satellite oceanography. 

30. Seasonal productivity in temperate waters:  timing of nutrient and light inputs.  Spring bloom: ends due to 1) grazing, 2) seasonal thermocline, 3) nutrient depletion.

31. Productivity range:  25 to 1250 gC/m2/yr in ocean.  Remember 100 as mean and know units.  Not too different from range on land!

Answer:  for ocean as a whole, nutrients are more limiting than light (ex. tropics – with sharp thermocline, gets lots of light but few nutrients)

32. Where productivity high?:  coastal areas, W. coast of continents (Eckman pumping), equatorial upwelling, and polar regions (despite the cold!).

33. Micronutrient limitation by iron in 3 HNLC regions.

LAST THIRD OF COURSE:

Hyrdrothermal vents introducton

1. Vents located along all the major mid-ocean ridges.  Frequency and output may be related to spreading rate, but this is not clear.

2. vents caused by sinking of seawater through many cracks and fissures in rocks on flanks of mid-ocean ridge, reaction with hot rocks and magma, and rising of this altered “fluid” through “pipes” at ridge axis.  Highest temperature about 400°C.

3. Hot smokers:  iron particles precipitate from vent fluid as it mixes with seawater and temperature fall, pH rises, and temperature falls.

4. Diffuse flow:  not hot smokers, but lower temperature fluid seeps out of cracks in basalt – less visible but important.

5. Vents act as sinks or sources for elements in ocean, affecting whole ocean residence time.  Ex:  Ca2+ source, Mg2+ sink, SO42- sink (this sulfate turned to sulfide in vent fluid).

6. Chemicals in vent fluid provide chemical energy to drive local ecosystem.  Basically, bacteria harness the energy released when sulfide is oxidized by oxygen.  Vent communities therefore need oxygen in deep ocean, which is ultimately derived from photosynthesis and therefore depends on the sun.

7. More about biology in Vetriani lecture.

Coastal Habitats

Estuaries

Def.: A semi-enclose bay, sea or river mouth that has a free, open connection to the ocean but is diluted with freshwater such that it’s salinity is less than that of the ocean.  Many are Drowned river valleys –remnants of last ice age

Fjords – long and skinny, moraine, limited bottom water circulation.

Bar-built:  longshore currents make a bay from sand spit

Tectonic:  faulting makes coastal basins (near SF for example)

2.  Types of estuaries: Distinguished by circulation and salinity differences

1. Salt wedge – river flow dominates, tides usually small-moderate

2. Well mixed – tidal flow dominates, small rivers, wide estuaries, Coriolis

3. Partially mixed – between the two, very common

Flushing time…analogous to Residence time for water in estuary = Mean volume of the estuary/ Rate of flow out

Processes that influence Estuarine Chemistry

A. Mixing--conservative, removal, addition

B. Flocculation -- coagulation of particles as a result of change in ionic strength

C. Resuspension – mixing of sediments up from the bottom on a tidal periodicity

TURBIDITY Maximum—occurs where particles flocculate, in vicinity of saltwater—freshwater boundary.  Physically it caused by the tidal flow

Biological Diversity in Estuaries:  It’s low due to harsh physical environment, not many species, but total biological populations are large.  Lots of nutrients to supply system, and recycling is efficient.

I. Nutrients in Estuaries…


A. Effects of Nutrient Over Enrichment due to human activities--eutrophication

1. Increased Primary production

2. Increased O2 demand and HYPOXIA

3. Harmful algal blooms

4. Shifts in community structure

5. Degradation of seagrass and algal beds

6. Formation of nuisance algal mats

7. Coral reef destruction – coral like low nuts!

8. Disease and pathogen increase

9. Economic impacts

Coral Reefs

1. Not all corals are reef-building

2. CaCO3 structure, but only a thin layer is alive.

3. polyp – the living organism

4. corallite – rigid exoskeleton

5. zoozanthellae – dinoflaggelates, mutaulism (symbiosis), food for shelter, sort of.  (hermatypic only)

6. Coral also heterotrophic – can catch and consume small organisms with tentacles on polyp.

7. Corals live in nutrient poor tropical waters, great nutrient recycling within reef ecosystem.

8. Algae (encrusting type) grow on surfaces of dead coral and are more important than phytoplankton for primary production in reef system.

9. Reef corals grow at >20°C, so restricted to tropics.  Bermuda most northern limit in Atlantic.  Tend to be at western edges of basins, which we know have largest warm pools due to earth’s rotation.

10.   Coral bleaching – cause not certain, but some combination of eutrophication and global warming to blame, likely.  Zoozanthellae get expelled, and reef cannot survive without this food source.  Estimates as high as 25% of world’s reefs now dead or dying.  A huge global warming issue.

ESTUARINE DYNAMICS (DR. BOB CHANT)

Will not be on final exam due to snow conditions that day.

DEEP SEA VENT BIOLOGY:  (DR. COSTA VETRIANI)
1. Most explored vents are probably those at 9°N latitude on the East Pacific Rise.

2. Base of food web in vent ecosystem are primary producers called chemosynthetic bacteria that are chemoautolithotrophs (make new organic matter using chemical energy and inorganic nutrients), while in surface ocean phytoplankton at base of food web are photoautolithotrophs (make new organic matter using light energy and inorganic nutrients).

3. So ultimate source of energy for vent organisms is geothermal.

4. Chemical link between surface ecosystem and vent ecosystem is oxygen, produced by former and needed by latter.

5. Vent organisms have physiological adaptations that allow them to live in strong chemical and temperature gradients – The chemistry and temperature of the water  near a vent changes drastically within less than a foot distance, close to vent.

6. Many vent animals are hosts to bacteria that live in their bodies as symbionts.

7. Maximum temperature for microbial life is 113°C!!

8. Many vent bacteria evolved very early in the evolution of life – some evidence that early life might have started in vent systems.

9. Issue of transport of biology from one dying vent to another new one 100’s of km away is a big one right now.  How does a new vent site get colonized?

10. Riftia tube worms have symbiotic sulfur oxidizing bacteria in their bodies that produce energy for the host.  So worms are in some sense just factories for getting sulfide and oxygen from the ambient seawater to the bacteria inside.

11. Remember that micro-organisms are what allow the community to live – they make food from geochemicals and detoxify the environment (sulfide is toxic to most animals!) for the higher organisms.

EVOLUTION OF THE PLANKTON

1. Know characteristics of pelagic planktonic environment that influence evolution in a unique way compared to coastal or terrestrial ecosystems.

2. Phytoplankton definitions by size:  picoplankton 0.2-3µm diameter, nanoplankton 3-50µm, micro and macroplankton are >50µm., and typically a few mm in size.

3. Know two main categories of plankton, based on trophic level, the phytoplankton and zooplankton.  Be able to give a few examples of each.

4. Know the influence of nutrients and turbulence on the ecological location of e diatoms, dinoflagellates, and coccolithophores.

LIVING RESOURCES: STATUS OF GLOBAL FISHERIES (J. QUINLAN)

Please see summary appended to end of this review.

EL NINO

1. An atmosphere-ocean climate phenomenon in the Equatorial Pacific also called El Nino – Southern Oscillation (ENSO).  Tends to come near Christmas time – hence the name meaning “the child” in Spanish.

2. Frequency:  happens irregularly every few years.

3. A main climate variability that has global effects in part by affecting the position of the jet stream in the upper atmosphere.

4. Basic mechanism:  slowing of equatorial winds decreases upwelling along equator and at coast of Peru, allowing warm water from the western Pacific warm pool to migrate east along the equator.  Since upwelling is slowed drastically, normal nutrient supply is cut off in region of eastern equatorial Pacific, and decreased primary productivity has effects all the way up food chain.  Fishing off Peru gets very bad and anchovy fishery can collapse.  Weather patterns change drastically, leading to floods in Peru.

5. Mathematical models of the physics of the ocean-atmosphere system are beginning to be able to mimic the natural phenomenon and therefore allow computer simulations that may reveal the trigger mechanism and explain the timing and intensity of the events.

6. Opposite of El Nino (strong winds and upwelling) called La Nina.

7. Long-term history of El Nino events recorded in tree rings.  Width of rings indicate temperature and moisture to tree, so affected by local climate, which in turn may be driven by El Nino events.

NON-LIVING (MINERAL) RESOURCES

1. This lecture covered manganese nodules, gas hydrates and phosphate deposits.

2. Mn nodules are a type of authigenic sediment (formed directly from dissolved ions in seawater – possibly with help from bacteria).

3. Nodules found only >4000m depth, especially in a band across the tropical N. Pacific.

4. Nodules grow at about 1mm/MY, about 1000 times slower than mean sediment accumulation rate.  So a golf-ball sized nodule could be 15 million years old or so.  Layered structure, like an onion, allows investigation of some aspects of past ocean chemistry by micro-analyzing the layers.  But true growth rate is hard to measure, so date of any layer is uncertain.

5. Much more abundant on surface than inside sediment, so a combination of deep currents and nudging by worms must keep them on top and sediment accumulates under them.

6. Interest in mining nodules depends on world prices for Ni and Co, which are the main important elements economically.

7. Gas hydrates are unusual chemical structures in which one gas molecule is surrounded by a cage-like structure of water molecules.  Gas of interest here is methane (CH4).  Methane hydrate freezes at higher temperature than water if it’s under pressure, so resembles ice.

8. Methane hydrates found in deep layers in sediments of some continental slopes, and in shallow sediment or tundra in the Arctic.

9. Rise in temperature or a decrease in pressure could cause gaseous methane to be released from hydrate structure, adding methane to atmosphere.  This could happen with global warming.

10. Methane is in very low concentration in the atmosphere, but is a more powerful greenhouse gas than CO2, meaning a small additional amount could cause substantial global warming.  Therefore if global warming releases methane, global warming could accelerate.

11.  Global reserves of methane hydrate are larger than gas and oil reserves, so could be used in future as an energy source, if a way could be found to efficiently tap into hydrate reserves.

12.   Phosphate minerals form as authigenic components in organic-rich sediments.

13.   Very large reserves of phosphate in Florida, which used to be sediment under a productive shallow sea 5-10MY ago.

14.   Phosphate from rocks is needed for all modern agriculture, which uses outside sources of inorganic nutrients (unlike true organic farming).  Nitrogen fertilizer can be made easily from huge supply of atmospheric nitrogen gas.  Therefore mining reserves could ultimately limit food source for humans.

15.   Island of Nauru in western Pacific on equator has been mined for 100 years.  Very pure phosphate from eons of seabird droppings onto fossil coral matrix that the island is made from.  This island made agriculture possible in Australia and new Zealand for most of the 1900s.  Decades of social and environmental exploitation have ruined this island and its inhabitants.

POLLUTION IN THE SEA

Since the class consensus was that hydrocarbons (mostly oil) pollution was most important, know this section of Chapter 15, including a brief idea of what happens to the different components of oil after a spill.  Know in general that pollutants can be too much of a natural compound (oil) or a totally new chemical (PCBs)

· Processes:  evaporation, dissolution, emulsification, mixing, sinking

· Lightest molecules in oil mixture evaporate, and heaviest eventually solidify, forming tar balls (they wash up on beaches in Bermuda all the time!)

· Coastal spills more hazardous than open ocean because dispersion is greater and there is more time for natural breakdown processes to occur before sensitive ecosystems are affected.

· Cleanup efforts can do more damage than good.

· Bioremediation is the genetic development of microbes that use fossil fuels for a food supply and therefore could speed breakdown of oil to CO2 following a spill.

Note:  April 30 lecture will not be on exam, but may serve as a partial review of some aspects of course.

