Module 4

Processes That Shape the Earth

Extended Background

THE EARTH’S SPHERES

Earth can be considered a sphere with many different layers.  These different layers shape the Earth we live in today.  From the inside out, Earth's spheres are:
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The Lithosphere (rock sphere) is the ground and the whole inside of Earth. 

2. The Hydrosphere (water sphere) includes all of the rivers, lakes and oceans of Earth.

3. The Cryosphere (icy cold sphere) is the frozen part of Earth: the glaciers, icebergs at sea, and the huge icecaps in Greenland and Antarctica.

4. The Biosphere (life sphere) includes all living things.

5. The Atmosphere (air sphere) is the envelope of air that surrounds the whole Earth.

6. The Exo- or Celestial Sphere (outside or heavenly sphere) includes the whole universe beyond the top of the atmosphere--the Sun, Moon, and stars, as well as the asteroids.

In actuality, the Earth is not an exact “spherical” shape.  

· For example, Earth's lithosphere is slightly flattened along the polar axis. The other "spheres" are not exact, as well.   In fact, they interlock like pieces of a puzzle. For example, living things of the biosphere live underground in the lithosphere, in the oceans of the hydrosphere, and in the air of the atmosphere.  The spheres interact with each other too. Water in the oceans today evaporates into the atmosphere tomorrow, and falls as rain and soaks into the ground (part of the lithosphere) the day after. 
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 http://www.badastronomy.com/bad/misc/egg_spin.html

The Earth's spin axis is tilted with respect to its orbital plane. This is what causes the seasons. When the Earth's axis points towards the Sun, it is summer for that hemisphere. When the Earth's axis points away, you get winter (from the diagram above you can see that the north end of the Earth's axis never points directly at the Sun, but on the summer solstice it points as close as it can, and on the winter solstice as far as it can. Midway between these two times, in spring and autumn, the spin axis of the Earth points 90 degrees away from the Sun. Note that this happens twice a year, in spring and autumn.

The dates of maximum tilt of the Earth's equator correspond to the summer solstice and winter solstice, and the dates of zero tilt to the vernal equinox and autumnal equinox. 

In the northern hemisphere, the winter solstice is day of the year (near December 22) when the Sun is farthest south.  The winter solstice marks the first day of the season of winter. The declination* of the Sun on the (northern) winter solstice is known as the tropic of capricorn (-23° 27').   The longest day of the year is when the Sun is farthest north.  The summer solstice marks the first day of the season of summer. The declination of the Sun on the (northern) summer solstice is known as the tropic of cancer (23° 27'). In the southern hemisphere, winter and summer solstices are exchanged so that the winter solstice is the day on which the Sun is farthest north. (The celestial coordinate of an object corresponding to latitude projected on the sky.  [*Declination is measured from -90° (projected south pole) to +90° (projected north pole), with [image: image2.png]


corresponding to the celestial equator.  Thus, it is the position of the sun with regards to latitude and longitudinal measurements.]
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The summer solstice (near June 22 in the northern hemisphere) is the longest day of the year; this means that the length of time elapsed between sunrise and sunset on this day is a maximum for the year. Of course, daylight saving time means that the first Sunday in April has 23 hours and the last Sunday in October has 25 hours, but these human interactions with the calendar and do not correspond to the actual number of daylight hours. The winter solstice is the shortest day of the year1. 

LITHOSPHERE

The Earth is divided into three layers: the core, the mantle and the crust. The core is composed of mostly iron and nickel and remains very hot, even after 4.5 billion years of cooling. The core is divided into two layers: a solid inner core and a liquid outer core. The middle layer of the Earth, the mantle, is made of minerals rich in the elements iron, magnesium, silicon, and oxygen. The crust is rich in the elements oxygen and silicon with lesser amounts of aluminum, iron, magnesium, calcium, potassium, and sodium. There are two types of crust: oceanic and continental.  Basalt is the most common rock on Earth. Oceanic crust is made of relatively dense rock called basalt. Continental crust is made of lower density rocks, such as andesite and granite. 
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The outermost layers of the Earth can be divided by their physical properties into lithosphere and asthenosphere. The lithosphere is the crust of the Earth, consisting of many tectonic plates. The lithosphere (from the Greek, lithos, stone) is the rigid outermost layer made of crust and uppermost mantle. The lithosphere is the "plate" of the plate tectonic theory. The asthenosphere (from the Greek, asthenos, devoid of force) is part of the mantle that flows, a characteristic called plastic behavior. The flow of the asthenosphere is part of mantle convection, which plays an important role in moving lithospheric plates.

The thickness of the lithosphere varies from to around 1 mi (1.6 km) at the mid-ocean ridges to approximately 80 mi (130 km) beneath older oceanic crust. The thickness of the continental lithospheric plates is probably around 185 mi (300 km).  
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Artist's cross section illustrating the main types of plate boundaries (see text); East African Rift Zone is a good example of a continental rift zone. (Cross section by José F. Vigil from This Dynamic Planet -- a wall map produced jointly by the U.S. Geological Survey, the Smithsonian Institution, and the U.S. Naval Research Laboratory.) http://pubs.usgs.gov/publications/text/Vigil.html 

Plate tectonics theory suggests that the lithosphere, the hard outer layer of the earth, is divided into about 7 major plates and perhaps as many as 12 smaller plates, c.60 mi (100 km) thick, resting upon a lower soft layer - the asthenosphere. Because the sides of a plate are either being created or destroyed, its size and shape are continually changing. The continents, which are c.25 mi (40 km) thick, are embedded in some of the plates, and hence move as the plates move about on the earth's surface.  The mechanism moving the plates is at present unknown, but is probably related to the transfer of heat energy or convection within the earth's mantle. If true, and the convection continues, the earth will continue to cool. This will eventually halt the mantle's motion allowing the crust to stabilize, much like what has happened on other planets and satellites in the solar system, such as Mars and the moon.  

There are four types of plate boundaries: 

· Divergent boundaries -- where new crust is generated as the plates pull away from each other. 

· Convergent boundaries -- where crust is destroyed as one plate dives under another. 

· Transform boundaries -- where crust is neither produced nor destroyed as the plates slide horizontally past each other. 

· Plate boundary zones -- broad belts in which boundaries are not well defined and the effects of plate interaction are unclear. 

Divergent boundaries occur along spreading centers where plates are moving apart and new crust is created by magma pushing up from the mantle. Picture two giant conveyor belts, facing each other but slowly moving in opposite directions as they transport newly formed oceanic crust away from the ridge crest. 

When a large continental mass breaks into smaller pieces under tensional stresses, it does so along a series of cracks or faults, which may develop into a major system of normal faults. The crust often subsides, forming a rift valley similar to what is happening today in the Great Rift Valley through the Red Sea. If rifting continues, a new plate boundary will form by the process of seafloor spreading. Mid-ocean ridges, undersea mountain chains, are the locus of seafloor spreading and are the sites where new oceanic lithosphere is created by the upwelling of mantle asthenosphere.

Individual volcanoes are found along spreading centers of the mid-ocean ridge and at isolated “hot spots,” or rising magma regions, not always associated with plate boundaries. The source of hot-spot magmas is believed to be well below the lithosphere, probably at the core-mantle boundary. Hot-spot volcanoes often form long chains that result from the relative motion of the lithosphere plate over the hot-spot source.

The size of the Earth has not changed significantly during the past 600 million years, and very likely not since shortly after its formation 4.6 billion years ago. The Earth's unchanging size implies that the crust must be destroyed at about the same rate as it is being created. Such destruction (recycling) of crust takes place along convergent boundaries where plates are moving toward each other, and sometimes one plate sinks (is subducted) under another. The location where sinking of a plate occurs is called the subduction zone.   Subduction zones along the leading edges of the shifting plates form a second type of boundary where the edges of lithospheric plates dive steeply into the earth and are reabsorbed at depths of over 400 mi (640 km). Earthquake foci form steeply inclined planes along the subduction zones, extending to depths of about 440 mi (710 km); the world's most destructive earthquakes occur along subduction zones.

Convergence can occur between an oceanic and a largely continental plate, or between two largely oceanic plates, or between two largely continental plates. Oceanic-continental convergence results in the formation of trenches.  Trenches are the deepest parts of the ocean floor and are created by convergence of the ocean and the continental plate, which subducts part of the lithosphere. 
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As with oceanic-continental convergence, when two oceanic plates converge - oceanic-continental convergence - one is usually subducted under the other, and in the process a trench is formed. The Marianas Trench (paralleling the Mariana Islands), for example, marks where the fast-moving Pacific Plate converges against the slower moving Philippine Plate.
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http://pubs.usgs.gov/publications/text/understanding.html
A third type of boundary occurs where two plates slide past one another in a grinding, shearing manner along great faults called strike-slip faults or fracture zones along which the oceanic ridges are offset. Continental mountain ranges are formed when two plates containing continental crust collide. For example, the Himalayas are still rising as the plates carrying India and Eurasia come together. Mountains are also formed when ocean crust is subducted along a continental margin, resulting in melting of rock, volcanic activity, and compressional deformation of the continent margin. This is currently happening with the Andes Mts. and is believed to have occurred with the uplift of the Rockies and the Appalachians in the past.

As the giant plates move, separating or converging along their borders, tremendous energies are unleashed resulting in tremors that transform Earth’s surface. Mountains and volcanoes are often found where plates converge. Oceans are born and grow wider where plates pull apart. And earthquakes are the result of plates grinding and slipping past each other.2

HYDROSPHERE

The hydrosphere consists of the bodies of water that cover 75 percent of Earth’s surface. The largest of these are the oceans, which contain over 97 percent of all water on Earth. Glaciers and the polar ice caps contain just over 2 percent of Earth’s water in the form of solid ice. Only about 0.6 percent is under the surface as groundwater. Nevertheless, groundwater is 36 times more plentiful than water found in lakes, inland seas, rivers, and in the atmosphere as water vapor. Only 0.017 percent of all the water on Earth is found in lakes and rivers. And a mere 0.001 percent is found in the atmosphere as water vapor. Most of the water in glaciers, lakes, inland seas, rivers, and groundwater is fresh and can be used for drinking and agriculture. Dissolved salts compose about 3.5 percent of the water in the oceans, however, making it unsuitable for drinking or agriculture unless it is treated to remove the salts.
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The hydrosphere interacts with, and is influenced by, all the other earth spheres. The water of the hydrosphere is distributed among several different stores found in these other spheres.  Water is found in vapor, liquid and solid states in the atmosphere. The biosphere serves as an interface between the spheres, which aids in the movement of water between the hydrosphere, lithosphere and atmosphere. The water cycle traces the movement of water and energy between these various stores and spheres.

The hydrosphere is always in motion. The motion of rivers and streams can be easily seen, while the motion of the water within lakes and ponds is less obvious. Some of the motion of the oceans and seas can be easily seen while the large scale motions that move water great distances such as between the tropics and poles or between continents are more difficult to see. These types of motions are in the form of currents that move the warm waters in the tropics toward the poles, and colder water from the polar regions toward the tropics. These currents exist on the surface of the ocean and at great depths in the ocean (up to about 4km).

The characteristics of the ocean that affects its motion are its temperature and salinity. Warm water is less dense or lighter and therefore tends to move up toward the surface, while colder water is more dense or heavier and therefore tends to sink toward the bottom. Salty water is also more dense or heavier and thus tends to sink, while fresh or less salty water is less dense or lighter and thus tends to rise toward the surface. The combination of the water's temperature and salinity determines whether it rises to the surface, sinks to the bottom or stays at some intermediate depth.

The motion of the atmosphere, or winds above it, also affects the oceans currents. The energy in the wind gets transferred to the ocean at the ocean surface affecting the motion of the water there. The effect of wind is largest at the ocean surface. 

The ocean serves two main purposes in the climate system. 

· First, it is a large reservoir of chemicals that can contribute to the greenhouse effect in the atmosphere and energy absorbing 90% of the solar radiation, which hits the surface. This reservoir changes very slowly limiting how fast the climate can change. 
· Second, it works with the atmosphere to redistribute the energy received from the sun such that the heat in the topics, where a lot of energy is received from the sun, is transferred toward the poles, where heat is generally lost to space.
CRYOSPHERE
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The cryosphere is the frozen water part of the Earth system. It has two major components: continental or land ice and sea ice. 

Continental ice includes the continental ice sheets of Greenland (about 2 - 3 km thick), Antarctica (up to 4 km thick) and smaller ones in China and South America. Continental ice also includes valley glaciers (generally 10 - 100 m thick) which are found on every continent except Australia. 

Continental ice adjacent to large bodies of water can flow out from the continent to the sea surface and begin to float on the ocean. This ice is called shelf ice (on the order of 500m thick) and it continues to become thinner as it floats. 

Continental ice is formed from snow accumulating at the surface and compressing over time into ice under the weight of the snow on the surface. Snow accumulates at the top during the winter and begins to compress under the weight of new snow. When the snow melts, the water percolates into the snow, filling available air spaces and freezing at the snow-ice boundary.

Continental ice has plastic characteristics so when enough is accumulated it begins to flow. Glaciers flow from their sources high in the mountains, where it is possible that the snow never melts, to regions at lower elevations, where it is possible that it never snows and the glacier simply melts. Continental ice sheets flow from their highest points in all directions to regions with less ice. 

The continental ice formation and flow process is generally very slow. The build up or decay of valley glaciers can take decades or centuries. However, if there is a significant amount of water at the base of the glacier, rapid movement can occur on the order of tens of kilometers in a single year. The process for continental ice sheets is even slower with significant changes occurring over centuries to hundreds of thousands of years. 

Sea ice includes frozen sea water, such as that in the Arctic Ocean and the oceans surrounding Antarctica, and frozen lake and river water, which occur mainly in the polar regions. Sea ice is formed by the direct freezing of the water on which it floats. If the water is salty, as it is in the ocean and in seas, during the freezing process the salt is left in the water, making the water more salty and denser and the sea ice less salty. Lake and river ice is frozen from fresh water generally and is therefore, not salty. 

Sea ice floats on the surface of bodies of water and ranges from 0 to about 10 m thick with average thickness of 3 m in the Arctic and 1.5m around Antarctica. Under the stress of wind and ocean currents, sea ice cracks and moves around. The cracks expose areas of relatively warm ocean water to the cold atmosphere during winter that sets up a large exchange of energy from the ocean to the atmosphere. Sea ice has a large seasonal cycle and changes on time scales of a few weeks to a few months. However, the magnitude of the seasonal changes is very sensitive to changes in the climate conditions in the atmosphere and oceans, extending the time scales associated with sea ice from months to thousands of years (i.e. ice age time scales). 

BIOSPHERE

The biosphere is made up of all that is living on earth, from the smallest bacterium to the largest whale.  It includes between 3 and 30 million species of plants, animals, and fungi, and also two kinds of single-celled living things: those without nuclei (prokaryote) such as bacteria, and those with nuclei (eukaryotes) such as protozoans. The biosphere extends over the Earth's surface in a thin layer from a few kilometers into the atmosphere, in very cold environments, to the deep-sea vents of the ocean depths, in very hot environments.

The biosphere is a life-supporting global ecosystem, where each living things depends on each other and the environment. The ecosystem includes all living organisms and the abiotic or nonliving environment on which they depend for their energy and the nutrients they need to live.

The biosphere is a closed and self-regulating system sustained by grand-scale cycles of energy and of materials—in particular, carbon, oxygen, nitrogen, certain minerals, and water. The fundamental recycling processes are photosynthesis, respiration, and the fixing of nitrogen by certain bacteria. Disruption of basic ecological activities in the biosphere can result from pollution.

ATMOSPHERE

Atmosphere is the mixture of gases surrounding any celestial object that has a gravitational field strong enough to prevent the gases from escaping; especially the gaseous envelope of Earth. The principal constituents of the atmosphere of Earth are nitrogen (78 percent) and oxygen (21 percent). The atmospheric gases in the remaining 1 percent are argon (0.9 percent), carbon dioxide (0.03 percent), varying amounts of water vapor, and trace amounts of hydrogen, ozone, methane, carbon monoxide, helium, neon, krypton, and xenon.

The mixture of gases in the air today has had 4.5 billion years in which to evolve. The earliest atmosphere must have consisted of volcanic emanations alone. Gases that erupt from volcanoes today, however, are mostly a mixture of water vapor, carbon dioxide, sulfur dioxide, and nitrogen, with almost no oxygen. If this is the same mixture that existed in the early atmosphere, then various processes would have had to operate to produce the mixture we have today. One of these processes was condensation. As it cooled, much of the volcanic water vapor condensed to fill the earliest oceans. Chemical reactions would also have occurred. Some carbon dioxide would have reacted with the rocks of Earth’s crust to form carbonate minerals, and some would have become dissolved in the new oceans. Later, as primitive life capable of photosynthesis evolved in the oceans, new marine organisms began producing oxygen. Almost all the free oxygen in the air today is believed to have formed by photosynthetic combination of carbon dioxide with water. About 570 million years ago, the oxygen content of the atmosphere and oceans became high enough to permit marine life capable of respiration. Later, some 400 million years ago, the atmosphere contained enough oxygen for the evolution of air-breathing land animals.

The study of air samples shows that up to at least 88 km (55 mi) above sea level the composition of the atmosphere is substantially the same as at ground level; the continuous stirring produced by atmospheric currents counteracts the tendency of the heavier gases to settle below the lighter ones. In the lower atmosphere, ozone, a form of oxygen with three atoms in each molecule, is normally present in extremely low concentrations. The layer of atmosphere from 19 to 48 km (12 to 30 mi) up contains more ozone, produced by the action of ultraviolet radiation from the sun. Even in this layer, however, the percentage of ozone is only 0.001 by volume. Atmospheric disturbances and downdrafts carry varying amounts of this ozone to the surface of Earth. Human activity adds to ozone in the lower atmosphere, where it becomes a pollutant that can cause extensive crop damage.

The atmosphere can be divided into several layers. In the lowest one, the troposphere, the temperature as a rule decreases upward at the rate of 5.5°C per 1,000 m (3°F per 3,000 ft). This is the layer in which most clouds occur. The troposphere extends up to about 16 km (about 10 mi) in tropical regions (to a temperature of about -79°C, or about -110°F) and to about 9.7 km (about 6 mi) in [image: image10.jpg]


temperate latitudes (to a temperature of about -51°C, or about -60°F). Above the troposphere is the stratosphere. In the lower stratosphere the temperature is practically constant or increases slightly with altitude, especially over tropical regions. Within the ozone layer the temperature rises more rapidly, and the temperature at the upper boundary of the stratosphere, almost 50 km (about 30 mi) above sea level, is about the same as the temperature at the surface of Earth. The layer from 50 to 90 km (30 to 55 mi), called the mesosphere, is characterized by a marked decrease in temperature as the altitude increases.

EXOSPHERE

The exosphere is the highest layer of the atmosphere. Together with the ionosphere, it makes up the thermosphere. The exosphere extends to 10,000 km above the Earth's surface. This is the upper limit of our atmosphere. The atmosphere here merges into space in the extremely thin air. Air atoms and molecules are constantly escaping to space from the exosphere. In this region of the atmosphere, hydrogen and helium are the prime components and are only present at extremely low densities. This is the area where many satellites orbit the Earth. 

PROTECTION OF EARTH’S NATURAL SYSTEMS

To protect Earth’s important natural resources, we must all participate in reusing, recycling, and reducing the use of natural resources to improve and protect the quality of life.

The three R’s summarize how we should help maintain our natural resources: 

· Reuse - make less garbage. For example, instead of buying juice boxes for lunch, buy a large container of juice and use a washable single serving container to take it to school.

· Reduce - make less garbage. For example, instead of buying juice boxes for lunch, buy a large container of juice and use a washable single serving container to take it to school.

· Recycle - to turn an item into another useful item. For example, scrap paper from the classroom might be turned into newspaper or paper bags when sent to the recycling plant.

Why should we recycle?

· Recycling uses less energy and resources than making things new.

· The raw materials for glass - sand, soda and lime - all have to be dug from the Earth.  They are then melted together at 1500ºC. This takes a lot of energy.

· Supplies of these raw materials and oil for energy will not last forever, so it is important to save them.

· Bottles and jars are collected for recycling.  The glass is broken into small pieces and melted down. Melting glass that has already been made is much easier than melting the raw materials.

· Every ton of glass that is recycled saves 1.2 tons of raw materials and the equivalent of136 liters of oil energy.

· Glass is not biodegradable, so the glass that we throw away will last forever, using up valuable space.


Bibiolography
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