Geography Power Points
Tyler Levy has posted his notes from my powerpoints for those who cannot read the powerpoints 
Scientific Method

· SCIENTIFIC METHOD

·  Observe some aspect of the universe.

· Invent a tentative description, called a hypothesis, that is consistent with what you have observed.

· Use the hypothesis to make predictions.

· Test those predictions by experiments or further observations and modify the hypothesis in the light of your results.

· Repeat steps 3 and 4 until there are no discrepancies between theory and experiment and/or observation.

· INDUCTION

· Reasoning from observations to general principles

· Foundation of forming hypotheses

· Essentially an educated guess

· DEDUCTION

· Reasoning from general to the particular

· Cause and effect

· Basis for devising experiments based on hypotheses

· Model development: conceptual, numerical

· EXPERIMENTAL METHOD

· CONTROL GROUP: the group where all factors are held constant

· EXPERIMENTAL GROUP: where one factor or treatment is varied

· Foundation of science

· HYPOTHESIS

· Idea that is testable

· Must be falsifiable

· Null hypothesis

· Can be disproved

· Can never be proved!

· STATISTICS

· Famous Disraeli quote

· “There are lies,

· damned lies, and

· statistics.”

· THEORY

· A theory is a broad explanation that synthesizes many different once-unrelated observations, facts, and findings to explain natural processes or phenomena.

· Theories are very  well-supported by available evidence and very widely accepted by the scientific community 

· The scientific community accepts a theory that stands up to continual testing and best explains the available evidence, and discards a theory that is inconsistent with current information.

· Theories provide a framework to explain the known information of the time, but are subject to constant evaluation and updating.

· SCIENTIFIC LAW

· Laws (i.e.: the Law of Gravity) are principles or generalizations about phenomena. 

· A law is not an explanation. 

· A theory would attempt to explain why the Law of Gravity operates as it does, but currently, there is no well-accepted 'Theory of Gravity'!

GAIA HYPOTHESIS
· Gaia Hypothesis
· the idea of the Earth as a single living superorganism

· James Lovelock

· Gaia - a new look at life on Earth, Oxford University Press, 1979.

· Genesis of Lovelock’s hypothesis

· Together with scientist Dian Hitchcock, Lovelock  examined the atmospheric data for the Martian atmosphere in the late 1960’s and found it to be in a state of stable chemical equilibrium

· The Earth was shown to be in a state of extreme chemical disequilibrium. 

· The two scientists concluded that Mars was probably lifeless; almost a decade later the Viking 1 and 2 landings confirmed their conclusion.

· Main idea
· In that same year, Lovelock began to think that such an unlikely combination of gases such as the Earth had, indicated a homeostatic control of the Earth biosphere to maintain environmental conditions conducive for life, in a sort of cybernetic feedback loop, an active (but non-teleological) control system.

· Example: ATMOSPHERE 

· "Life, or the biosphere, regulates or maintains the climate and the atmospheric composition at an optimum for itself. “

· Loveland states that our atmosphere can be considered to be “like the fur of a cat and shell of a snail, not living but made by living cells so as to protect them against the environment.

· Inherent in this explanation is the idea that biosphere, the atmosphere, the lithosphere and the hydrosphere are in some kind of balance -- that they maintain a homeostatic condition.

· This homeostasis is much like the internal maintenance of our own bodies; processes within our body insure a constant temperature, blood pH, electrochemical balance, etc.

· The inner workings of Gaia, therefore, can be viewed as a study of the physiology of the Earth, where the oceans and rivers are the Earth's blood, the atmosphere is the Earth's lungs, the land is the Earth's bones, and the living organisms are the Earth's senses.

· Lovelock calls this the science of geophysiology - the physiology of the Earth (or any other planet).

· Genesis of name

· As the story goes, while on a walk in the countryside about his home in Wilshire, England, Lovelock described his hypothesis to his neighbor William Golding (the novelist - eg: Lord of the Flies), and asked advise concerning a suitable name for it. The resultant term "Gaia" - after the Greek goddess who drew the living world forth from Chaos - was chosen.

· POETIC METAPHOR

· “I will sing of well-founded Gaia, Mother of All, eldest of all beings, she feeds all creatures that are in the world, all that go upon the goodly land and all that are in the paths of the sea, and all that fly: all these are fed of her store.”

· --Homeric Hymn, 7th Century B.C.

· GAIAN ATTRIBUTES

· Earth is a super-organism

· Biota and physical environment are so tightly coupled they are considered a single organism.

· The climate and chemical composition of Earth are kept in homeostasis at an optimum by and for the biosphere.

· Recognizes emergent properties. (Example)

· Examples of GAIAN PROCESSES

· Oxygen

· Air temperature

· Salinity

· Atmospheric carbon dioxide

· OXYGEN

· Lovelock suggests that Gaia is at work to keep the oxygen content of the atmosphere high and within the range that all oxygen-breathing animals require. 

· The atmospheres of our two nearest neighbors, Venus and Mars, contain 0.00 percent and 0.13 percent respectively, of free oxygen. Earth is?

· AIR TEMPERATURE

· The Gaia hypothesis sees life regulating the surface temperature of Earth.  

· The average surface temperature of Earth has remained within a narrow range - between 10 and 20 C - for over three billion years.  

· During that time the sun's output has increased by thirty or forty percent.  

· Even ignoring the long-term trend of the sun, the temperature would vary far more, as it does for example every day on the surface of Mars

· DAISYWORLD

· One of the criticisms leveled at the Gaia hypothesis was that Gaia must be an omniscient goddess, hardly what Lovelock was saying. In response to this, Watson and Lovelock published a simple cartoon system called DaisyWorld, where homeostasis is maintained by simple nonlinear feedback loops.

· SIMPLE RULES

· In DaisyWorld, daisies find 22.5 degrees Celsius just perfect. 

· At that temperature their birthrate is a maximal 1.0. 

· Their birthrate drops off to zero at 5 and 40 degrees Celsius. 

· The deathrate is constant. 

· AIR TEMPERATURE

· The determination of temperature is a bit complex. 

· Different color daisies, and bare ground, have different albedos, the amount of incoming light they reflect back off into space. 

· An albedo of 1.0 is a perfect reflector and 0.0 is a perfect absorber. 

· White daisies (albedo near 1)

· Bare ground (albedo about 0.5)

· Dark daisies (albedo near 0)

· EXPERIMENT

· To run the experiment, we seed the planet with a mix of light and dark daisies, and then slowly increase the luminosity (light reaching the planet). This is not unlike the case for Earth, since the sun's luminosity has increased gradually about 30% over 4.6 Ga.

· DAISYWORLD SUMMARY

· With the daisies having no tricks at their disposal except color/albedo and birthrate, they maintain the living planet's temperature at a daisy-friendly 20-30 degrees in the face of the solar input doubling or tripling.

· Hypothesis

· One of the reasons that the Gaia Hypothesis sparked such debate in scientific circles has to do with scientists' ability to test hypotheses. As we learned earlier, the traditional scientific method relies on refuting a hypothesis, proving it wrong, as the means for eliminating possible explanations. 

· No testable hypothesis

· The single largest complaint lodged against the strong Gaia hypothesis is that experiments can't be designed to refute it (or test it at all, for that matter.)

· Without going into all the details, suffice it to say that those arguments are valid. The strong Gaia hypothesis states that life creates conditions on Earth to suit itself. Life created the planet Earth, not the other way around. As we explore the solar system and galaxies beyond, it may one day be possible to design an experiment to test whether life indeed manipulates planetary processes for its own purposes or whether life is just an evolutionary process that occurs in response to changes in the non-living world.

· At present, we cannot falsify the Gaia Hypothesis

· CO2 Increase: GAIA saves the earth?

· SUMMARY 1

· Biological agents play a vital role in creating Earth’s physical and chemical environment

· Gaia suggests processes which are testable by which biota help maintain earth’s climate

· Emphasizes interdisciplinary work

· Colorful, engaging metaphor

· Hypotheses are ill-defined, not falsifiable

· Homeostasis

· Albedo

· Emergent properties

· Daisyworld example

· Interdisciplinary

· Working definition: 1

· “... The physical and chemical condition of the surface of the Earth, of the atmosphere, and of the oceans has been and is actively made fit and comfortable by the presence of life itself.

· This is in contrast to the conventional wisdom which held that life adapted to the planetary conditions as it and they evolved their separate ways.''

· Working definition: 2

· “The entire range of living matter on Earth from whales to viruses and from oaks to algae could be regarded as constituting a single living entity capable of maintaining the Earth's atmosphere to suit its overall needs and endowed with faculties and powers far beyond those of its constituent parts...[Gaia can be defined] as a complex entity involving the Earth's biosphere, atmosphere, oceans, and soil; the totality constituting a feedback of cybernetic systems which seeks an optimal physical and chemical environment for life on this planet."

· Ecology

· "When the activity of an organism favors the environment as well as the organism itself, then its spread will be assisted; eventually the organism and the environmental change associated with it will become global in extent. The reverse is also true, and any species that adversely affects the environment is doomed; but life goes on."
Dynamic Earth 
· CRATONS
· Large flat areas, usually located in the center of continents
· Clues to Earth’s Surface

· Mountains only in certain areas

· Rock types differ regionally

· Cratons in interior of continents

· Oceans oldest near continents and youngest towards middle of oceans

· EARTH’S LAYERS

· The Earth is divided into three chemical layers: 

· the core, 

· the mantle and

· the crust 

· Chemical differences

· THE CORE

· 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. 

· CORE GENERATES CURRENTS

· Because the core is so hot, it radiates a natural heat to the upper layers. 

· Because of this a current of heat comes into being. Those are also known as the convection currents. 

· The convection currents cause the movement of the tectonic plates. 

· MAGNETIC FIELD

· It is well known that the axis of the magnetic field is tipped with respect to the rotation axis of the Earth. 

· Thus, true north (defined by the direction to the north rotational pole) does not coincide with magnetic north (defined by the direction to the north magnetic pole) and compass directions must be corrected by fixed amounts at given points on the surface of the Earth to yield true directions. 
· The magnetic field causes the northern lights
· Origin of the Magnetic Field 

· Magnetic fields are produced by the motion of electrical charges. For example, the magnetic field of a bar magnet results from the motion of negatively charged electrons in the magnet. 

· The origin of the Earth's magnetic field is not completely understood, but is thought to be associated with electrical currents produced by the coupling of convective effects and rotation in the spinning liquid metallic outer core of iron and nickel. 

· This mechanism is termed the dynamo effect. 

· MANTLE and CRUST

· MANTLE

· Composed of minerals rich in the elements iron, magnesium, silicon, and oxygen

· Source of mafic minerals

· CRUST

· The crust is rich in the elements oxygen and silicon with lesser amounts of aluminum, iron, magnesium, calcium, potassium, and sodium. 

· Oceanic crust is made of relatively dense rock called basalt 

· Continental crust is made of lower density rocks, such as andesite and granite. 

· LITHOSPHERE

· 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 

· ASTHENOSPHERE

· 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. 

· CRUST/MANTLE AGAIN

· lithosphere 

· hard 

· ~100 km thick 

· crust floats on top 

· continental crust, 20 to 70 km thick 

· oceanic crust, ~ 8 km thick 

· asthenosphere 

· soft 

· ~3000 km thick 

· “fluid-like”
· ISOSTACIC REBOUND
· A heavy load on the crust, like an ice cap, large glacial lake, or mountain range, 

can bend the lithosphere down into the asthenosphere, which can flow out of the 

way. The load will sink until it is supported by buoyancy. If an ice cap melts or lake 

dries up due to climatic changes, or a mountain range erodes away, the lithosphere 

will buoyantly rise back up over thousands of years. This is the process of 

isostatic rebound. 
· EARTH STRUCTURE SUMMARY

· The Earth is sphere with a diameter of about 12,700Kilometres. 

· As we go deeper and deeper into the earth the temperature and pressure rises. The core temperature is believed to be an incredible 5000-6000°c. 

· The crust is very thin (average 20Km). This does not sound very thin but if you were to imagine the Earth as a football, the crust would be about ½millimetre thick. 

· The thinnest parts are under the oceans (OCEANIC CRUST) and go to a depth of roughly 10 kilometres. 

· The thickest parts are the continents (CONTINENTAL CRUST) which extend down to 35 kilometres on average. The continental crust in the Himalayas is some 75 kilometres deep. 

· The mantle is the layer beneath the crust which extends about half way to the centre. It's made of solid rock and behaves like an extremely viscous liquid - (This is the tricky bit... the mantle is a solid which flows????) 

· The convection of heat from the centre of the Earth is what ultimately drives the movement of the tectonic plates and cause mountains to rise. 

·  The outer core is the layer beneath the mantle. It is made of liquid iron and nickel. Complex convection currents give rise to a dynamo effect which is responsible for the Earth's magnetic field.  

· The inner core is the bit in the middle! It is made of solid iron and nickel. 

· CONTINENTAL DRIFT

· Continental drift was originally proposed by Alfred Wegener, a German meteorologist, in 1912. 

· Wegener used his observations to hypothesize that all of the present-day continents were once part of a single supercontinent called Pangaea. 

· ALFRED WEGENER

· Wegener obtained his doctorate in planetary astronomy in 1905 but soon became interested in meteorology;

·  During his lifetime, he participated in several meteorologic expeditions to Greenland. 

· Died in 1930 during Greenland expedition

· CD: FOSSIL EVIDENCE

· Fossils of the same species were found on several different continents. Wegener proposed that the species dispersed when the continents were connected and later carried to their present positions as the continents drifted. 

· For example, Glossopteris, a fern, was found on the continents of South America, Africa, India, and Australia. 

· TORN NEWSPAPER IDEA

· Rock sequences in South America, Africa, India, Antarctica, and Australia show remarkable similarities. Wegener showed that the same three layers occur at each of these localities. 

· The bottom (oldest) layer is called tillite and is thought to be a glacial deposit. The middle layer is composed of sandstone, shale, and coal beds. Glossopteris fossils are in the bottom and middle layers. The top (youngest) layer is lava flows. 

· The same three layers are in the same order in areas now separated by great distances. 

· SHIFTING CLIMATE

· Using the distribution of rock types, Wegener reconstructed the distribution of climates zones at specific times in the geologic past. He found that, unlike the present distribution, in which zones parallel the equator, the past zones occupied very different positions.

· This implies that the rotational pole was in very different locations relative to today. 

· Wegener proposed an alternative interpretation. He believed that the climate zones remained stationary and the continents drifted to different locations. 

· The drift of the continents caused the apparent movement of the climate zones. 

· POLAR WANDERING

· Wegener used the distribution of climate zones to determine the location of the poles at different times in the geologic past. 

· He found that the rotational pole appears to gradually change location, arriving at its present position only in the very recent geologic past. The apparent movement in the pole position over time is called polar wandering. 

· Wegener offered an alternative explanation. He suggested that the poles remained stationary and that the continents changed their positions relative to the poles. 

· ARGUMENTS AGAINST

· The greatest shortcoming, at least in the eyes of American geologists, was the lack of an adequate mechanism for moving the continents. 

· Wegener proposed that the Earth's spin caused the continents to move, plowing through the oceanic plate and producing mountains on their leading edges. Geologists at that time understood enough about the strength of rocks to know that this was highly unlikely. 

· Wegener's work was largely unaccepted in the northern hemisphere. In the southern hemisphere, where geologists were familiar with the rocks that Wegener used to support his hypothesis, continental drift was generally accepted. 

· Continental Drift Evidence

· Puzzle idea: continents fit together

· Torn newspaper: matching geology

· Fossils: same fossil on different continent

· Paleoclimate

· Polar Wandering

· Glacial features

· SEA FLOOR SPREADING
· In the late 1950's, scientists mapped the present-day magnetic field generated by rocks on the floor of the Pacific Ocean

· When mapped, the anomalies produce a zebra-striped pattern of parallel positive and negative bands. The pattern was centered along, and symmetrical to, the mid-ocean ridge 
· As magma solidifies, it preserves a record of the earth’s magnetic field at the time. 
· In 1962, a geologist presented an explanation for the global rift system. Harry Hess proposed that new ocean floor is formed at the rift of mid-ocean ridges. 

· The ocean floor, and the rock beneath it, are produced by magma that rises from deeper levels. Hess suggested that the ocean floor moved laterally away from the ridge and plunged into an oceanic trench along the continental margin. 

· SEA FLOOR SPREADING

· As Hess formulated his hypothesis, Robert Dietz independently proposed a similar model and called it sea floor spreading. Dietz's model had a significant addition. It assumed the sliding surface was at the base of the lithosphere, not at the base of the crust. 

· Hess and Dietz succeeded where Wegener had failed. Continents are no longer thought to plow through oceanic crust but are considered to be part of plates that move on the soft, plastic asthenosphere. A driving force, convection currents, moved the plates. Technological advances and detailed studies of the ocean floor, both unavailable during Wegener's time, allowed Hess and Dietz to generate the new hypotheses. 

· SEA-FLOOR SUMMARY

· Vine and Matthews proposed that lava erupted on the sea floor on both sides of the rift, solidified, and moved away before more lava was erupted. If the Earth's magnetic field had reversed (changed from one geographic pole to the other) between the two eruptions, the lava flows would preserve a set of parallel bands with different magnetic properties. The ability of Vine and Matthews' hypothesis to explain the observed pattern of ocean floor magnetic anomalies provided strong support for sea floor spreading. 

· EARTHQUAKES

· In 1935, K. Wadati, a Japanese seismologist, showed that earthquakes occurred at greater depths towards the interior of the Asian continent. 

· Earthquakes beneath the Pacific Ocean occurred at shallow depths. Earthquakes beneath Siberia and China occurred at greater depths. 

· After World War II, H. Benioff observed the same distribution of earthquakes but could not offer a plausible explanation. 

· SUBDUCTION

· If new oceanic lithosphere is created at mid-ocean ridges, where does it go? 

· The movement of oceanic lithosphere away from mid-ocean ridges provides an explanation. Convection cells in the mantle help carry the lithosphere away from the ridge. The lithosphere arrives at the edge of a continent, where it is subducted or sinks into the asthenosphere. 
Plate Tectonics
· SYNTHESIS: Theory of Plate Tectonics

· The new hypotheses of the early 1960s explained several puzzling sets of observations. All that remained was a synthesis of these hypotheses. 

· The synthesis began in 1965 when Tuzo Wilson introduced the term plate for the broken pieces of the Earth's lithosphere. In 1967, Jason Morgan proposed that the Earth's surface consists of 12 rigid plates that move relative to each other. Two months later, Xavier Le Pichon published a synthesis showing the location and type of plate boundaries and their direction of movement. 

· Since the mid-1960s, the plate tectonic model has been rigorously tested. Because the model has been successfully tested by numerous methods, it is now called the plate tectonic theory and is accepted by almost all geologists. 

· TYPES OF PLATE MOVEMENT

· The ways that plates interact depend on their relative motion and whether oceanic or continental crust is at the edge of the lithospheric plate. 

· Plates move away from, toward, or slide past each other. 

· Geologists call these divergent, convergent, and transform plate boundaries. 

· DIVERGENT PLATE BOUNDARY

· At a divergent plate boundary lithospheric plates move away from each other. 

· The mid-Atlantic Ridge, a topographically high area near the middle of the Atlantic Ocean, is an example of a divergent plate boundary. 

· New crustal material 

· Divergent: Atlantic Ridge

· CONVERGENT PLATE BOUNDARY 
· At a convergent plate boundary, lithospheric plates move toward each other. 

· The west margin of the South American continent, where the oceanic Nazca Plate is pushed toward and beneath the continental portion of the South American Plate, is an example of a convergent plate boundary 
· ANDES

· The Andes Mountain Range spans the entire length of South America, along the western coast. This close-up shows that coast, which represents the western terrestrial edge of the South American Plate. The leading edge of the Nazca Plate is subducting below the South American Plate at a plate boundary known as a subduction zone. During this subduction some Nazca crust is scraped off along base of the Andes, adding height to the entire range. 

· The East Pacific Rise [the ridge to the left] is part of the global network of mid-ocean ridges that girdle the planet. As the sea-floor spreads on either side of this ridge, the Nazca Plate moves easterly while the Pacific Plate moves westerly. The Galapagos Islands, off the northwestern coast of South America, are the result of a "Hot Spot" that exists over a mid-ocean ridge.
· TRANSFORM BOUNDARY

· At a transform plate boundary, plates slide past each other. 

· The San Andreas Fault in California is an example of a transform plate boundary, where the Pacific Plate slides past the North American Plate. 

· RING OF FIRE

· HOTSPOTS

· 70,000 MY; 6,000 miles long

· Map of part of the Pacific basin showing the volcanic trail of the Hawaiian hotspot-- 6,000-km-long Hawaiian Ridge-Emperor Seamounts chain. 

· A sharp bend in the chain indicates that the motion of the Pacific Plate abruptly changed about 43 million years ago, as it took a more westerly turn from its earlier northerly direction. Why the Pacific Plate changed direction is not known, but the change may be related in some way to the collision of India into the Asian continent, which began about the same time. 

· OTHER HOTSPOTS

· PLATE BOUNDARY ZONES

· Not all plate boundaries are as simple as the main types discussed above. In some regions, the boundaries are not well defined because the plate-movement deformation occurring there extends over a broad belt (called a plate-boundary zone). One of these zones marks the Mediterranean-Alpine region between the Eurasian and African Plates, within which several smaller fragments of plates (microplates) have been recognized. Because plate-boundary zones involve at least two large plates and one or more microplates caught up between them, they tend to have complicated geological structures and earthquake patterns. 

· RATES OF MOTION

· We can measure how fast tectonic plates are moving today, but how do scientists know what the rates of plate movement have been over geologic time? The oceans hold one of the key pieces to the puzzle. Because the ocean-floor magnetic striping records the flip-flops in the Earth's magnetic field, scientists, knowing the approximate duration of the reversal, can calculate the average rate of plate movement during a given time span. These average rates of plate separations can range widely. The Arctic Ridge has the slowest rate (less than 2.5 cm/yr), and the East Pacific Rise near Easter Island, in the South Pacific about 3,400 km west of Chile, has the fastest rate (more than 15 cm/yr). 

· CONVECTION
· Wilson Cycle

· Continents move apart and then crash into each other about every 500 million years.

· Pangaea broke up about 250 mya

· In another 250 years there will be one supercontinent
· Wilson Cycle

· Each round of the Wilson cycle increases the diversity of rocks on the earth, and increases the volume of felsic igneous rocks.

· The Earth is not just a rock cycle; it is an evolutionary rock cycle. So, to answer the question, Does the Earth Cycle, Or Has It Evolved Cyclically? we conclude that it evolves cyclically through Wilson Cycles, each cycle adding a little more felsic igneous rock to the planet, and not incidentally increasing the size of the continents.

· TOMOGRAPHY OF MAGMA PLUMES
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Orogeny

· WHAT IS OROGENY?

· Processes of mountain building

· Deformation

· Folding and thrust-faulting

· Metamorphism

· Intrusions: batholiths, etc

· Volcanic Activity
· TYPES OF MOUNTAINS
· Volcanic: Shield and composite

· Fault-block: normal faulting and tension

· Folded: compression, reverse faulting

· Complex: mixture of most of the above

· Kilauea 

· Newest ground in the world
· Asthenosphere is coming to the surface

· Mt Rainier

· Composite Volcano

· Compressive forces

· Subduction zones

· Andesitic composition

· Normal fault

· Footwall moves 

· Up relative to

· Hanging wall
· Wasatch Range

· Typically fault-block system
· Tetons are also a fault-block system
· Horst and Graben
· Alternating normal faults lead to a characteristic pattern called a Horst and Graben system.  An area under tension will often have multiple mountain ranges as a result.

· REVERSE FAULTS 
· Hanging wall moves up relative to footwall

· Result of compression: plates colliding

· Two types: low-angle or thrust faults, and high-angle reverse faults
· Individual layers can move 100’s of kilometers

· Alps are a great example
· Thrust faults main cause of folded mountains
· ZAGROS MTS

· Persian Gulf
· Alternating Anticlines and Synclines

· High-angle reverse faults

· Forms “Sawtooth Mtns”

· Flatirons classic example

· Sawtooth effect result of differential erosion

· COMPLEX MOUNTAINS

· Tend to have a little of everything: volcanoes, folds, thrust faults, normal faults

· That’s all folks
