How the Earth Works, and Why it Matters
Osher Life Long Learning Course
Molly Miller, Fall 2015

What participants will be able to do after this course:
-- Explain the large-scale organization of the earth.
-- Discuss how and at what rates the earth changes as materials move in cycles within and between parts of the earth.
-- Give examples of earth processes that occur imperceptibly slowly and of those that occur rapidly and on a giant scale.
-- Evaluate how humans have altered earth processes or rates of earth processes and implications.
-- Explain how the climate in which humans evolved differs from the climate during most of earth history and what this may suggest about the future.
-- Relate the current extinction event to mass extinctions in the ancient past. 

Course outline  (subject to change): 
I. Introduction 

II.  Big Points about the Earth
	Big Point #1 - Earth has 4 major components or spheres
	B.P. #2.  Earth is density stratified - most dense in middle
	B.P. #3  Life support systems=hydrosphere and atmosphere; least dense
	B.P. #4  Materials move within each sphere and between spheres
	B.P. #5  Present state of earth is temporary - different in past, future
B.P. #6  Rates  and scale of earth change are difficult to comprehend – either too slow relative to human life, or too huge in scale to imagine
	B.P. #7  Humans are capable of altering the Earth - particularly the biosphere,
		life support systems, but also the lithosphere 

III. Why it matters
	A. What matters?  
	B. Earth affects us – either directly or in things that we care about
C. Humans have remarkable control on earth – biosphere, atmosphere, hydrosphere, lithosphere  - can choose how to use this control
D. Humans have NO control over some earth processes – how do we respond to this lack of control?
E. Important to see ourselves as part of the “Parade of Life” rather than as “controller”

IV. Rates of Earth Change – Ideas on this have changed, and diverse ideas exist today
	A. Earth has not changed since it was (quickly) created (earth is young)
B. Earth change occurs due to the same processes that we observe today, operating at the same rates and scales as now (James Hutton [~1800] – implied that earth was very old.)
	C. Earth change occurs due to same processes operating in recent human history, but sometimes these rates and scales are very different from today – (prevalent  since ~1980)
	D.  Earth is old (4.55billion years) - two implications  of processes working over long time: 
		1. events that occur slowly and seem insignificant, become important with time 
		2. rare events will occur at some point  

V.  Motion of materials in the earth and the effects of this motion
	A. Plate tectonic cycle 
		1. Definition: Features of earth and earth phenomena (e.g., volcanoes, earthquakes) are caused by motion of plates of rigid lithosphere moving on a plastic aesthenosphere 
		2. Development of idea
			a. What they knew prior to 1900 
				1. knew age, type and distribution of continental rocks
				2. knew that ocean and cont crust differed (ocean=dense, thin)
				3. continents: have shield, covered shield, folded mtns, rifts, shelves
			b. Alfred Wegener –~1915 – idea of continental drift -  but rejected
			c. development of 1950’s and 1960’s 
				1. mapping of sea floor – trenches, MOR, thin crust, no folded mtns
				2. young floor, magnetic stripes, age distribution (sea floor spreading)
			d. mapping of earthquakes, volcanoes
			e. structure of earth – rigid crust over plastic aesthenospere
		3. Basic gist of plate tectonics – how it works
		4. Relation to landforms
		5. Plate tectonics control of climate & sea level
			a.  locations of continents & mtns (effects on ocean circulation)
			b. control of climate – distribution of volcanoes, emissions, weathering
			c. sea level
		6. questions about plate tectonics.
	

	B. Carbon cycle
		1. Where is carbon in the earth?
		2. Short-term carbon cycle (rabbit, soil, decay, etc)
		3. Long term carbon cycle (role of burial, esp in anaerobic environment)
		4. Impact of humans on carbon cycle – speeding up rate of oxidation 

	C. Hydrologic cycle 
		1. Where is water in the earth?  (where did water initially come from?)
		2. How water moves around – some rapidly, some slowly
		3. Reservoirs of water – a) ice   b)groundwater
	4. Relation to plate tectonic cycle-cont distribution, height controls weathering

	D. Hydrosphere – atmosphere interactions
		1. Heat at low latitudes
		2. Less heat at high latitudes
		3. Zones of high & low pressure
		4. Surface currents – and why important to climate
		5. Deep-ocean currents – and why crucial in climate system, distributing heat

VI. Big changes in climate – last 600 million years
	A. Common states – and causes of changes to other states
	B. Examples of changes in climate, atmospheric conditions
		1. Pennsylvanian – carbon burial, expansion of forests, oxygen increase
		2. Permian – forests in Antarctica
	C.  Changes over last 100 MY –
		1. cooling – 70 million years – cause = rise and weathering of Himalayas
		2. 30 my – increasing isolation of Antarctica, continuation of cooling 
			Human history – about 3-4 million years – period of great cooling
		3. last 2 million years – incredible fluctuation within this period of cold
			a. documented by oceanic record – Oxygen isotopes 
			b. controls of fluctuation – change at ~ 1 million years ago – orbital factors

VII. Environment of humans – 
	A. Humans evolved in Africa – relation to rift valley and sedimentary record
	B. Humans evolved in period of cold
	C.  Humans evolved in period of climate fluctuations – over and over again 
	D. Humans evolved to be flexible – adaptable (vs. Neanderthals) 
	E. Human history – 
		1. Expansion into marginal environments: Arctic, tropics, near sea level
		2. Tremendous population growth – and predicted into the future
	F. Implications for future, given long-term history of climate, and present trends

VIII.  Catastrophes for Life:  Mass Extinction – and implications for future
	A. Permian extinction – role of volcanisms, run-away greenhouse warming, changes in ocean circulation….
	B. Relation of current extinction to major past extinctions – similarities and unknowns

Schedule – (tentative):
Session #1:  Big Points about the Earth and Why they Matter
Session #2:  Plate Tectonic Cycle: a Recent Discovery that Controls So Much (including Climate, Sea Level)
Session #3:  Carbon Cycling: Importance of its Travels through Lithosphere, Biosphere, Hydrosphere, Atmosphere (and what happens when it gets stuck or moves fast)
[bookmark: _GoBack]Session #4: Water Water:  Resevoirs, Where and How Water Moves, and Its Impact on Climate
Session #5: Warm is the Norm throughout Earth History:  Changes and Chilling the last 60 Million Years
Session #6: Human Evolution in an Icehouse and Fluctuating Climate; Modern Extinction relative to Past Extinction; the Future?
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