Lecture 17 Glaciers

-Glaciers -2.15% (Earth’s Freshwater) contained in glaciers

-Glaciers cover approximately 10% of land, 2% hydrosphere, and 8% freshwater

· What is ice? Is Ice a rock?
· It is considered a rock in its solid form, a rock is a solid coherent substance made up of many ice crystals
· Ice is like what kind of rock?
· Ice can be any type of the three main rock types, it all depends on how you look at ice or in what stage, or state it may be in.
· Igneous: solidifies from a melt, crystalizes from a melt
· Sedimentary: made up of different particles, little bits of solids, accumulating in layers
· Metamorphic: process by which we call Burial Metamorphism
· Is ice a fluid?
· Fluid: deforms under shear stress has the ability to deform, change shapes, ice is capable of doing that
· If its flowing down a gradient there is a shear stress that is exerted over a long period, we can see deformation over a long period
· Satellite photos are avaible to track movement in the ice, impression gives us their must be some movement

· What is a glacier?

· Thick enough amount of ice that we can actually observe deformation, just because of the uneven distribution of the weight of the ice, because of excessive weight pushes the accumulation to the margins because for he low and high pressure, it tries to flatten out (slides: a thick, naturally accumulated ice mass that forms over hundreds or thousands of years, and deforms (flows) under the force of its own weight
· Importance in Earth Systems
· Looking at different components of Earth’s System
· We are trying to see the system as a whole and how complex the interactions can be
· Cyrospshere is of importance, it is affecting the solid earth, changes habitat, affects global atmospheric circulation, chances precipitation patterns
· Adding a time perspective, there are numerous periods in the Earth’s History that we had a glacial period, ice ages, ice sheets and glaciers have bigger extent than today.
· Importance of Glaciers?
· Glacial outwash, if you dig below the surface you see meters of accumulation of sediment that was redistributed by ice and melt water
· Ice is also a good preservation agent
· We see that ice can have added bonus of being a good preservation agent
· How are glaciers formed?
· 1. We need snow, that’s our ingredient, what glaciers are made up, lots of snow is the first criteria
· 2. Needs to be preserved, needs to have a positive budget, snow left at the end of the year, accumulation of snow is what turns into ice
· Where do we form glaicers
· In better concentration? In higher concentration closer to the poles the better
· High latitudes, remember latitude is different than altitude
· If you look at incoming sunlight, at the equator is spread over a smaller area, at the poles the energy over a much bigger surface, and less concentrated (due to tilt of earth)
· Explain why we have glaciers even at the equator? Here we don’t have high latitude, we have high Altitude!
· Why? At higher we have glaciers, as we get higher up we get colder. As we gain altitude, the air is more thin, less moisture in the air
· Snow Line: the line above which we can have snow all year round, doesn’t completely melt in the summer. As you get towards poles snow line decreases in elevation
· Important Process: From Snow to Ice
· Process called Burial Metamorphism:
· Snows, meters, meters, meters of snow, add weigh to the first snow fall of the year, snowflakes will feel that weight, get compacted, become more dense, adding more snow you reduce your porosity and increase your density (remember this trend) eventually you get to ice, ice is a lot denser, and les porous than snow
· We go from Snow  Firn  Ice
· Glacier Budget:
· Zone of Accumulation: more snow is falling here that snow is being lost from different processes
· Zone of Ablation: loss dominates, more melting, overall result is more loss.
· Equilibrium is where ablation is equal to accumulation
· + Budget: glacier moves down accumulation expanding
· – Budget: retreat, more chopping more quickly than you are feeding it
· Causes: + More snow, -Less Snow (maximizing melting)
· Caving: Sheading large pieces of ice and sublimation
· How do glaciers move?
· Force that causes glaciers to move is gravity (w=roh*g*h)
· You create a higher pressure on the top, lower pressure on he bottom, gradient established will force material to come down
· Sometimes if the ice is thinner, glacier isn’t as important but topography will influence direction in which ice flows
· Type of deformation associated with glaciers?
· Deformation is observed right away, you have measurable deformation
· Depends on where you are looking (deformation)
· Surface – glacial ice isn’t at high pressure and can expand and flow crevices, to accommodate uneven stresses, important in the first 40 meters
· After 40 meters pressure is increased, and plastic deformation is dominant
· 3 different ways glaciers react:
· Break (brittle)
· Flow (plastic)
· Slide (basal slip)
· How do glaciers move?
· Plastic Flow: Dominant Mech.  dry based glacier (dry because theirs no melt water, tend to be thinner) colder climates or insufficient ice thickness to cause melting
· Max velocity at top in the middle of velocity profile
· Glaciers are classified on size and Morphology
· Very large glaciers, largest ice sheets > 50,000 km^2 (Antarctica and Greenland)
· We have continental-scale glaciers ice sheets, and ice caps
· We have Ice shelves  portion of the glacier that extends over the ocean
· Valley glacier: discharge of ice into deep bedrock valleys (high altitude)  smaller glaciers that actually care about topography are mountain glaciers, and valley glaciers, just like a steam system but in super slow motion (like small streams)
· Glacial landscapes: U shaped valleys we associate it with ICE, takes up larger portion of the valley, erode stream valley slowly
· Before glaciation, and after glaciation you can see the shape of the topography changing in the landscapes
· Four types landscapes:
· Cirque: forms at the head of a glacial valley
· U-Shaped valley: forms by valley glaciers erosion
· Arete: forms by erosion on opposite sides
· Fjord: a drowned glacial valley
· Erosional features: smaller scale
· Ice full up rock, sediment, debris, leaves traces and evidence in history
· Grooves, striations, potholes – erosional features
· Striations: we can determine ice flow orientation, we can determine if ice was flowing up the lake or down the lake
· We can either take away material or deposit material, we deposit material in two methods:
· Drift: all glacial deposits, can be either stratified or unstratified
· Till: unsorted, unstrained drift unorganized mix of sediment (deposited by ice)
· Stratified drift: sorted, stratified sediment (by melt water)
· If its going faster, it can transfer more particles, and you can create a way for seeing layers because we classify particles by size
· If it is deposited by ice, than it will be unsorted, not stratified don’t see any layering
· Glacial deposits – stratified drift
· Eskers defined by their shapes, they are sinuous ridges of sediment, tend to be tens of meters high, and many 100 km long
· Why couldn’t a river deposit these? Fact that it is curved up, this ridge has + topography, if its layered under water you cant have + topography, imagine is deposited in an ice tunnel, acts like a model it than develops that bulging up surface
· [bookmark: _GoBack]Drumlins: asymmetric, tear-drop stratified sand and gravel ridge, 15-40 m high, length to width ratio 1:3
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