Hydrothermal Vents
The discovery of hydrothermal vents occurred in the late 1970s when it was realized that vents were really just a part of the mid-ocean ridge systems.  It was through the use of the deep diving vessel Alvin that scientists had their first look at the vents.  There was no way to anticipate what oceanographers would find in their early deep dives along ridge crests.   Currently we talk about "black smokers" and giant tube worms and hydrothermal vents in general as if they had been discovered decades ago. Yet, hardly 25 or so years have passed since these structures were first viewed under the sea.

The PowerPoint slides that will be shown in class today describe best the features and properties of submarine vents.   Therefore please download the file now or soon so that we may visit the vents together.  See also the Nova web site dealing with the Abyss.
Here are some principal characteristics of hydrothermal vents.

They are located along mid ocean ridges (both Pacific and the Atlantic, but more interest has been shown in the Pacific vents.

The vents release large volumes of hot water; the temperature of the out-flowing water can be higher than 400C. Under the deep pressure of the ocean water will not boil.  The hot water circulating within the vent plumbing reacts with the rocks and thus dissolution occurs.

The composition of the water that is vented is very different from that of seawater. Generally it is  enriched in metallic sulfides such as iron or copper sulfide. When these sulfide rich waters mix with the surrounding ocean water, the metal sulfides precipitate to form a "smoke" or plume of particles. These particles fall back to the seabed and slowly accumulate around the vent hole or region forming a chimney--many of chimneys are dark or black in color and hence they are called black smokers.

Throughout the vent region an amazing array of organisms have developed. These organisms gain there energy (food) from sulfide using bacteria that grow within the stomach or gut of the vent organisms. The bacteria derive their energy from the vent enriched seawater taken up by the organisms. The vent food web in fact does not depend on solar energy rather the energy of within the deep earth.  These observations have dramatically changed our view on the biology of the deep ocean.  Some even believe that the origin of life begin within the vent systems.

Over the last several years oceanographers have taken samples of the vent material (hot water) to determine composition and have also captured the vents themselves. On the first floor of the Link Engineering Building at the east entrance Dr. Trefry has a vent segment mounted.  Look at the vent chimney; see especially the crystals growing within the sample.  While gazing at the chimney try to imagine yourself in the vessel Alvin watch the hot water come out of the vent.

We will have a lot more to say about hydrothermal vents in OCN1010.   The subject has fundamentally changed our view on many aspects of the ocean.   Later we will examine the economic value of vents.


The marine area adjacent to continents is called the continental margin.   The name means an extension of the continent.  Whether or not the continental margin is part of the continent or part of the ocean system is still being debated. Consensus is that the margin is related more to continental material than ocean rock or bottom.  

The width of continental margins varies according to the location of the margin.  In North America, for example, the east coast is characterized by a very wide continental margin, while on the west coast the continental margin is very narrow. On the west coast, however, the continental margin area is characterized by frequent earthquake activity; there is relatively little earthquake activity along the east coast of the United States. On the east coast of the US, large depositional processes are at work and thus sediment thickness is significantly greater than that found on the west coast of the US.

The continental margin is made up of three regions: the continental shelf, the continental slope, and continental rise.   These regions different in their relative slope (angle).  The following table taken from  Keen (1969) gives the relative slope of these three regions, sometimes called continental terraces (Shepard, 1973):

	Region
	Slope

	Continental Shelf
	1:1000

	Continental Slope
	1:40

	Continental Rise
	1:300


A slope of 1:1000 means that for every 1000 m outward, the bottom drops off by 1 m.

The continental shelf has a very gradual slope, the continental slope is very steep, and the continental rise has an intermediate slope.  The phrase "shelf break" is often used to describe the region between the termination of the shelf and beginning of the slope.

In class I will show a number of transparencies demonstrating these topographic features off the east coast of Canada and the United States.  Of special interest and near Florida is the Blake Plateau region where the continental margin is made more complicated by the presence of two plateaus that extend beyond the continental slope.   This unusual topography is thought to be related to the present of the fast moving Gulf Stream which prevents normal sediment deposition.

Submarine Canyons
Located within the continental margins are the presence of V-shaped canyons called submarine canyons.  These canyons can be several kilometers in width (Keen, 1968) and extend from the continental shelf into the continental rise.  A number of canyons have been well described especially the Scripps Canyon located off the coast of Southern California very near the Scripps Institution of Oceanography, La Jolla California.    We will carefully examine the characteristics of this canyon in class.  

Several submarine canyons are located on the east coast of the United States. For example off New York is the Hudson Canyon; off Baltimore is the Baltimore Canyon, 

The origin of canyons has always interested oceanographers.  Rejected ideas or hypotheses  include extension of a river valley in which the river during the time of low sea-level (last glacial period) emptied into the ocean thus cutting the trough or canyon, artesian springs arising out of the sea-bottom cutting the canyon, and tsunamis (large water waves caused by submarine earthquakes).  

The current theory to explain submarine canyons involves the presence of turbidity currents, large masses of gravel, sand, and mud that moves in one big swoop and with large speed, eroding away the sea bottom and thus causing canyon a canyon to be formed.

What processes lead to the formation of the large mass of gravel, sand, and mud?  Submarine erosion and deposition processes lead to the slow accumulation of sediment.  The sediment may be derived from a river or from other marine deposits.   As material (sediment) accumulates, it reaches a size where it becomes unstable and then topples.  As the mass topples, it moves under the force of gravity as a turbidity (cloudy water) current.  The current eventually subsides. But erosional and depositional process continue until a "new" large mass of material is formed only to become unstable and then topple again, moving as a mass of turbid material eroding the previously eroded area.  The process repeats over and over again and the "submarine canyon" gets wider and deeper.

Ocean Basins
Beyond the continental rise are ocean basins, basically the deep, large areas  of the seabed.  However, ocean basins are not uniformly smooth by any means. As we have already discussed, mid-ocean ridge systems separate ocean basins. Associated with mid-ocean ridges are faults and transform faults that provide large variability in depth and irregularity in topography.  And besides these ridge systems, many ocean basins are peppered with islands, island arcs and other topographic features.  The complexity of the ocean bottom can be seen in Figure 4.17 in your textbook.  This is one of the topographic maps prepared by Bruce Heezen and Marine Tharp in the 1960s.

Marine Sediments
Heretofore we have viewed the sea floor as being comprised of hard rock, mostly derived from magmas originally from submarine volcanoes along mid-ocean ridges; away from these ridges one can also find islands and island arcs whose origin is also volcanic.

We now turn our attention to another class of materials found on the seabed--sediments, usually particles of relatively small size (10s of microns).  Sediment particles fall relatively slowly, usually from the sea surface, to accumulate in large amounts on the seabed.  If you look at a map showing the bathymetry of the ocean floor you will discover large abyssal plains in all ocean basins.  These plains are characterized by being flat.  There flatness is due in large measure to the sediment that has settled and spread and with thickness' of greater than 100s of meters in many locations in the ocean.

What are these sediments:  Plant, animal, nonbiogenic, anthropogenic or extra-terrestrial?  The answer is all of the above. 

Biogenic Sediment
Sediment of plant or animal origin is called biogenic sediment.  Generally biogenic sediments are one of  two types: calcareous or siliceous.  Calcium carbonate (CaCO3) is the main compound present in calcareous sediment. Amorphous silica (SiO2) is the main compound present in siliceous sediments. The bulk of biogenic sediment were originally the skeletons of microscopic plants or animals. 

Coccolithophorids ("Coccoliths" are microscopic plants with skeletons made of  CaCO3 ; foraminifera and pteropods are small animals that have skeletons made of CaCO3 . As these plants or animals die the organic matter decomposes releasing carbon dioxide and water; the skeletal settle (sedimentation process) to the sea floor.   
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Radiolaria are small animals that extract silica from seawater to form intricate skeletons usually containing spines. When a radiolariums dies its skeleton sinks to the ocean floor forming siliceous sediments.  Radiolaria date back 600 millions years.
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Diatoms are small plants that also extract silica from seawater to form their skeletons.  Like radiolaria, they upon death they sink to the sea floor forming siliceous sediment.

Biogenic sediments are found in fairly well-defined geographical distributions or bands on the ocean basins.  Generally speaking we find siliceous sediments in the Antarctic region and also in the Pacific equatorial sediments.  Calcareous (i.e. calcium carbonate) sediments are absence in the deep basins but are very abundant along the mid-ocean ridges.

These peculiar distributions are due to physical-chemical factors and biological processes.  

Dissolution of Calcareous Sediment
Let's consider the physical-chemical factors first as they apply to the calcareous sediment.  First, let me review briefly three factors affecting the solubility of   CaCO3 that is hardly shared by any other compound; these factors are pressure, temperature, and carbon dioxide.  

First, consider hydrostatic pressure, the weight of a column of water on an object at a specific depth.  As depth increases, hydrostatic pressure increases.  For every 10 m increase in depth (for example 100 m to 110 m), pressure increases by 1 atmosphere.  Thus, at 100 m, the pressure is 100 atmosphere (actually, the pressure is 101 atmosphere if you consider the pressure of the atmosphere). At 4000 m, the pressure is equivalent to 400 atmospheres.   The solubility of calcium carbonate increases with increasing pressure.  This is due to the negative volume change due to CaCO3   dissolution. Because of the negative volume change, pressure favors more dissolution. So, picture, if you will, small particles of biogenic calcium carbonate sinking and "feeling" the effect of increased hydrostatic pressure. As the particles sink further and further, the solubility increases more and more---almost linearly with depth.  You might expect that very little carbonate arrives on the bottom.  This is indeed the case for the deeper parts of the sea.  I should add that the rate of the dissolution is affected by other factors and therefore the story is not entirely simple.  

Now to the role of  temperature on dissolution of CaCO3.  The deep ocean is close to 1 deg C. The decrease in temperature with depth is not steady however.  Most of the temperature change occurs in the upper 1500 m of the water column.  While you recall that the solubility of most salts or compounds decrease with decreasing temperature, calcium carbonate behaves in the opposite way: its solubility increases with decreasing temperature! So we see now that   CaCO3 will tend to dissolved for two reasons: increasing pressure and decreasing temperature.

Finally, the third factor: increased carbon dioxide concentration in the deeper parts of the ocean.  If you measure the concentration of dissolved carbon dioxide in the deep ocean you will find concentrations elevated over those concentrations in the surface water.  This characteristics is due to the microbial decomposition of organic matter; the organic matter is from planktonic and other debris.  The same process occurs on land and in freshwater. Soil containing organic matter (leaf litter, dead organisms) is a large source of carbon dioxide.  As bacteria consume soil litter in the presence of oxygen, carbon dioxide is produced and escapes to the atmosphere to be consumed by the plants as the cycle repeats itself.  The same process occurs in the ocean.  

But how does this process affect sediment composition vis-a-vis calcium carbonate?   Recall in high school chemistry that acidic solutions dissolve limestone (CaCO3).  If, for example, you add hydrochloric acid to limestone, a fizz occurs.  The reaction is one of dissolving the  CaCO3   .  In the deep ocean the carbonic acid (carbon dioxide plus water) concentration is elevated above surface or subsurface values.  The presence of the carbonic acid leads to the dissolution of calcium carbonate in the same way that hydrochloric acid dissolves limestone. 

To summarize the factors leading to loss of calcium carbonate in deep sea sediments, oceanographers and marine chemists have found that increased pressure, decreased temperature, and increased carbon dioxide all act to cause dissolution of CaCO3.

Dissolution of Siliceous Sediment
Siliceous sediments (from plants and animals) behave somewhat differently than CaCO3 .  While increasing hydrostatic pressure (due to increasing depth) leads to dissolution, the decreasing temperature with depth leads to a decrease in the solubility of amorphous SiO2 (opposite to calcium carbonate). Likewise the increased carbon dioxide has no significant impact on the dissolution of amorphous silica.  One characteristic that we do find with increasing depth is increasing concentration of dissolved amorphous silica (silicic acid). This increased concentration is no doubt due to dissolution of sinking biogenic silica particles as the silica tries to reach its equilibrium or solubility value. 

Other Sediment Types
Besides biogenic sediments, the ocean seabed contains sediments derived from continents (terregineous source), seawater, volcanic activity, and the cosmos (outer space).  

Terrigenous Sediment
Terriegenous sediment are generally particles eroded from land-based rocks including granites and soil.  Large rivers in North America (St. Lawrence River system; Columbia River) and South America (Amazon and Rio Platt) provide very significant amounts of sediment to the ocean.  Once in the ocean sediment from these sources are transported by long-shore currents and find themselves on or near the edge of the continental slope.  Continued accumulation on the continental slope can lead to an unstable mass which, when dislodge by a seismic event, can flow as a massive "turbidity" current capable of cutting or eroding material in its path.   This process is thought responsible for submarine canyons.

Besides river-borne sediment, some terrigenous material is transported to the sea by wind and storms.  Sahara sands have been found in the Atlantic; Professor Windsor and his students have detected such sands on filters placed on the top of some Florida Tech buildings.

