Review Questions:

1. what is the amount of salt in sea water?
35%, 35 thousandths, 0.35%, 2 thousand, 2% = 35 THOUSANDTHS
- this would be written with TWO zero’s under the percent sign

2. to what depths does light pentetrate?
50m, 100m, 300m, 500m, or 1000m = 300 M
- there is sufficient light for processes like photosynthesis at 300m 

Glaciers – A Part of Two Basic Cycles

- water in its frozen form and how it affects earths surface 
- they are apart of the hydrologic cycle (water cycle) -> snow falls in it, if they warm up they may melt 
water can be trapped in solid form in a glacier for thousands of years
this water is still considered apart of the hydrologic cycle because eventually this frozen water could melt
- glaciers are also apart of the Rock cycle since they are solid
a glacier ALWAYS forms on land -> it sits on top of the rock, and interacts with the rock
it has rock like properties
- when snow begins to compact under high pressure in a glacier, it begins to change form
- their are different types of glaciers – Valley Glaciers and Ice Sheets 
- 1. Valley (Alpine) Glaciers, tend to be on a relatively small scale:
they exist in valleys of mountainous areas where snow accumulates and doesn’t melt
as long as more snow falls during, the glacier will get bigger and bigger moving down hill since you are putting ice under pressure which will make it flow 
3. what kind of glacier would you find in the Rockies?
Valley, ice sheet, piedmont, ice cap = VALLEY GLACIER
In a mountainous situation 
- the Polar Region is covered in ice, however it is referred to as Sea Ice since it is not over land, but water and can flow
- Antarctica is covered by an ice sheet with various ice shelf’s
as ice sheets extend onto the ocean, it creates an ice shelf that floats on the water, but is still connected
- we also get 2. Ice Sheets, much larger then Valley Glaciers:
ex. There is a large ice sheet covering Greenland
because of global warming, a vast amount of ice sheets are shrinking
tend to expand over very large areas
cycle between the advances and retreats of ice sheets
Greenland and Antarctica are currently the only two ice sheets that exists
glacier flows out from wherever the snow is accumulated it is being compressed into ice, and as it grows and grows you can get snow accumulation over very large areas
in a Valley glacier you are moving down hill, but in ice sheets its moving  out everywhere through accumulation
gravity tends to pull the ice downwards to the sea or ocean, so the ice sheet may extend over the ocean -> ice shelves
sometimes pieces of ice at the end of the glacier ice shelves break off and form ice bergs
ice is less dense then the water, so it begins to flow when it reaches 
** the whole glacier is sliding along land, so it carries rock and sediment that it has picked up, when it reaches the water these little pieces of mass beings to get dropped -> Dropped Stones and sediments are deposited by the ice shelf moving over the surface (feature characteristic!)
- there are also other types of glaciers:
Ice caps cover some uplands and plateaus -> you will also see ice bergs breaking off from this
Much smaller then ice sheets, but still covering a significant area
Usually start off as a number of glaciers that merge and spread into one i.e. Ice cap
Ice caps usually bring a lot of sediments down
Piedmont Glaciers start off as an Alpine glacier, but when it reaches a flat area it spreads out
as ice is compacted up its going to flow 

Formation and of Glacial Ice

- all glaciers, in the end, depend on snow – if their is not a lot of snow fall, it is going to be very hard to build a glacier
- 2 conditions: 1. temperatures that stay on average cold enough and 2. Significant snow fall (more zone accumulating in the winter, that can melt in the summer)
you can be an extremely cold environment, but the key thing is you need to have more snow accumulating in the cold, that can melt off in warmer months
- Snow above the snowline does not melt in the summer -> some snow may melt, but it is too cold for all snow cover to be melted
- Glacial Formation:
1. air infiltrates snow -> snowflakes become smaller, thicker and more spherical
2. air is forced out -> eventually you get this stuff called firn
snow at the bottom is quite a bit denser then at top
it will keep compacting down and down and get thicker and become glacial ice
**when the ice and snow exceeds 50 m (not a huge depth for it to accumulate too) the overline in pressure will push it down, and the glacial ice will start to flow -> it becomes to act in a plastic fashion (acts like plato)
this is when it truly becomes a glacier, we start referring to it as a glacier
ice at the bottom is under so much pressure, it begins to glow
3. glacial ice moves as flow
plastic flow involved
gravity begins to pull it downward and it slowly creeps down
as the glacier slides along the ground, we call this basal slip
when it slides, their may be some friction and some snow will melt, and we now get meltwater that acts like lubricant 
glaciers tend to learching along, it will seem like it isn’t moving, but it will build up pressure and slip -> as pressure builds up it slips, and then it builds up again and slip (cycle)

Movement of Glacier

- upper 50 m is referred to as the zone of fracture 
very brittle and rigid 
cracks occur at the top of the glacier -> crevasses
sometimes these fractures can extend down very far, all the way to that plastic zone
4. does the whole glacier move at the same rate?
Yes or no = No
glaciers move internally at different rates 
frictional forces can slow it down
similar to stream where flow moves faster in the middle, the side of glaciers tend to contact ground and friction, so similar to a stream the core down the center is moving the most rapidly
- like a river, glacial ice does not move all the same -> it behaves much the same way as liquid water does
- glacial velocity (movement) ranges from extremely slow to several meters per day -> this depends on a bunch of factures
- most glaciers are creeping forward or retreating back 
- some glaciers exhibit extremely rapid-> this is called surges and occurs when a basal slip occurs and moves the whole glacier forward
not all glaciers have these glacial surges
- most glaciers have a slow average creep we can measure 
- in highland areas you have these very slow velocity
- the slowest rates tend to be where there is glacial divides 
- glaciers only move about a couple of meters per year (a few cm per day)
- where is the snow accumulating? And where are we loosing it? the Budget of a Glacier helps us understand the formation and movement of a glacial
- Budget of a Glacier divides glaciers into different Glacial Zones:
The zone of accumulation is the area where a glacier forms -> net gain of glacial ice
Is located above the snowline
This dictates exactly where the glacier will go
The zone of wastage is where you get melting happening -> net loss of glacial ice
Calving is the breaking off of large pieces of ice, can be in the form of icebergs where the glacier has reached the sea
Lower down the glacier moves, the warmer the temperatures is and the quicker melting occurs  
- we can also use the Budget of a Glacier can also provide us information about the Glacial Budget:
the glacial budget is the balance or lack of balance between the accumulation and loss of ice
when you have a net gain over the entire glacial, it will advance and get bigger and bigger -> accumulation exceeds loss
eventually it will reach a lower area that is warmer, and it will begin to melt and accumulation decreases 
glaciers are NOT static! 
In years you don’t get a lot of snow, the glacier will retreat
If accumulation exceeds loss = glacier will advance
If accumulation decreases = glacier will retreat 
Sometimes retreats and advances can be quite significant over years

Glacial Erosion

6. can glaciers erode and transport material?
Yes or no = YES
- Glaciers can pick up and move some very big boulders and large chunks 
- The ice can pick up and carry a lot of material with it, and dump it off when it melts 
- glaciers erode the land in 2 ways: 
1. Plucking – as glacier flows over bedrock, it loosens and lifts blocks in this process
glaciers can pick up very huge rocks, and when they drop it, you have a rock sitting in a random area that has nothing in common with the surrounding geology -> we call this glacial erratic
2. Abrasion – glaciers pick up a lot of material as the move downward, and the rock and sediment it picks up will act as sandpaper over the land it moves over
- glacial abrasion produces:
glacial abrasion can pulverize rock and you get this incredible fine stuff called rock flours
you can also get glacial striations which are grooves in the bedrock
- glacial erosion is controlled by:
rate glacier is moving -> the faster the glacier is moving, the more it will erode
also the thickness of ice 
the types of rock fragments trapped in ice -> if the glacier picks up very hard rock, it will erode the underlying rock quite a lot
the type of bedrock underneath the glacier -> the erodibility of the surface below the glacier, the underlying rock my be very hard and not erode quickly

Landforms Created by Erosion 

- when a glacier move over land and erode it down, it leaves behind very distinctive terrain - shape of typography has changed
- landforms created by valley glaciers and ice sheets are very different from each other
landforms created by valley glaciers are sharp and angular
when massive ice sheets run across land, they tend to rub everything quit flat
- glaciated valleys – when glaciers move along and erode, they can change landforms
glaciers tend to widen and deepen valleys, since they rubs away the sides, and create U-shaped glacial troughs
they also tend to straighten valleys out -> it flattens it out as it moves downwards and removes sharp curves and creates truncated spurs
most of the time what will happen is a number of smaller glaciers that build up at high peaks, and end up joining together, this tends to create hanging valleys where a much smaller glacier joined a large glacier
you can see series of lakes when parts of the bedrock that was lifted and plucked by the glacier, fill with meltwater
a cirque (bowl shaped depression) typically found at the head of a glacial valley
also get these fiords that are deep steep-sided inlets -> these are glacial troughs that have drowned when sea level rises
- arêtes and horns can also form from erosion
- roches moutonnees – can tell you the direction the glacier was moving in
an asymmetrical know of bedrock that is produced by continued glacial erosion

Glacial Deposits

- if glacier is rubbing rock in one place, it will have to deposit it someplace else
- sooner or later glaciers will have to drop the material they pick up, and they drop material as they melt
7. do glacial deposits sort the war river deposits do?
Yes or no = NO
It distinctly doesn’t 
- glacial drift is anything the glacier picks up and then deposits 
two types of glacial drifts: till and stratified drift
1. till is material that is deposited directly by the ice as it melts and drops its load
one of the key things about till is that it is deposited by ICE
very key feature is that till is NOT sorted
these rocks are smoothed out
get quite a variety of sediments 
glacier erratic’s are boulders in the till 
 2. stratified drift is sediments sorted by size and weight, laid down by a stream of meltwater
stratified drift has been moved around by meltwater
anything that gets moved by flowing water gets sorted
sediments DO get sorted
- quite a few landforms created by till
-***most key feature created by till are moraines, these are landforms made by glacier tills that occur somewhere near the margin of the glacier
a lateral moraines is the accumulation of glacier till at the side of the glacier
also get medial moraines when two alpine glaciers join
as the two glaciers join, there is a lot of the material along the sides of the glaciers, and you get a ridge of material where they merge 
medial moraines tell us where two glaciers have joined
end and ground moraines –> glaciers are flowing down and carrying the sediment with it, and has it melts the sediments is going to get carried down and deposited at the front of the glacier 
the end moraine is the pile of sediment that has been dumped at the front of the glacier (front of the glacier is the end of it)
as the glacier begins to melt and retreat, you will get a very vast area of sediment that the glacier has dropped called the ground moraine
glacier retreats because it is melting, a glacier never moves backwards 
**yes the ice physically moves forward, but the ice doesn’t move back, it melts back
as it melts, its going to drop everything that it has brought down
ex. oakridge moraine -> serves as the water reserve for the larger Toronto area 
terminal moraine is the furthest moraine that occurs 
- other landforms created by till are drumlins
smooth elongated parallel hills composed of till and formed from ice sheets
we don’t really know how they are created
moraines are obvious, its all the material the glacier has brought to the front and sides when it melts
drumlins are different, we don’t know what has caused them
drumlin field is a an area in Ontario where there is thousands of drumlins 
southern Ontario has been very much shaped by this ice age over the last million years – the typography has been distinctly shaped by the field of ice
big lumps of till and you can distinctly see their streamline, which tells us which direction the glacier was traveling in 
- we see landforms made of stratified drift
- outwash plains and valley trains
when a glacier melts, all the meltwater washes down and brings sediment with it, creating outwash plains and valley trains
outwash plains are big deposits associated with ice sheets
valley trains are associated with mountain valleys
- ice-contact deposits occur as meltwater flows over
a kame is a steep-sided mound formed from ice-contact stratified drift 
kame terraces occur when glacial ice occupies a valley
eskers can occur which are a narrow sinuous ridge

Other Effects of Ice-Age Glaciers

- average thickness of ice sheets are 5km deep 
- these things have major impacts on the underlying typography
- before the last ice age the great lakes didn’t exists, they were carved out and created by this last ice age
- other interesting things occur with ice sheets other then depositional landforms
- when you have ice sheets of this size, its also going to have other noticeable effects
- one of these is effects is that it squishes the crust down -> crustal subsidence and rebound
crustal subsidence and rebound -> crust is actually compressed in response to the weight of the ice above it
ice sheets cause downwarping of the crust 
massive amount of weight
when ice sheets melt, the crust then begins to uplift and gradually rebound
rebound is very distinct, since ice melts pretty fast, and the ground will rebound back up
- as the crust rebounds up, it pushes the water back up and sea-level changes
during the last ice age, their was a lot of areas that were above water
8. during an ice age the seal level
rises, falls, stays about the same = FALLS
the more water you lock up in ice, the less water in the ocean
- changes to rivers and valleys can also occur -> as glaciers travel across land, it re-sculpts the terrain and changes the shape and sizes of valleys, changing the drainage patterns
ice sheets changed the routes of rivers and also modified the size and shape of valleys
Great Lakes is an ex
- as you get massive amounts of meltwater, we see temporary proglacial lakes created by ice dams 
ice sheets and alpine glaciers can act as dams to create proglacial lakes
when these ice blocks melt or these dams give way, these lakes will disappear rapidly causing huge amounts of water to be released 

The Glacial Theory and the Ice Age

- glaciers were once more extensive in the past then they are today
- we get this advance and retreat of ice sheets roughly every 1000 years in the Northern Hemisphere -> it seems to be a glacial/interglacial cycle that has been going on for the last 100,000 years
- when we talk about ice age, we tend to talk about the most recent one (the Quaternary Ice Age), but by no means it was the only ice age
tillite is a sedimentary rock formed from glacial till
- why has their been the retreat and advance cycle of glaciers over the last thousands of years?
we must have an explanation that includes 1. causes of the onset of glacial conditions and also 2. the causes of alteration between ice and no ice (glacial and interglacial stages)

Causes of Ice Ages

- movements of plates can affect it – plate tectonics
as a continent moves father north, it can trigger freezing and accumulation of ice
and as it moves away from the cold, it will melt it
this is VERY SLOW, gradual change 
on a longer term scale it does explain some of the climate change – in Antarctic we see animals that would have only lived in a warm climate, yet its under ice sheets
during Pangaea, we see snow in places like Madacascar
- variations in Earth’s orbit -> must more interesting link that can be found between ice age and physical phenomenon’s is earths orbit -> earths orbit is not static and as earths orbit changes (closure to sun, further away from sun which has NOTHING TO DO WITH SEASONS, we are closest to the sun during January) 
earths orbits is NOT perfectly circular and varies between being a little more circular and being a little bit more elliptical, and earths axis wobbles 
if we put all orbit variations together, we get something called the Melangcovich cycle
variations in earths orbit seem to match reasonably will with when we go into an ice age and when we go out of one
earths orbit is having an effect enough to bring us into an ice age, and then bring us out of one
changes are very small, but over time movement by cause an ice age, or end an ice age 
- other factors go into causes ice ages
changes in earths atmosphere
changes in ocean circulation – if you shut off that warm water current in Britain, you would get an ice age 
changes in reflectivity of earths surface – major volcanic eruptions can cause dust into the atmosphere and can cause cooling of the climate to some extent 
asteroid impacts – if something big hits the earth, it puts enough dust in the atmosphere to block out the sun and trigger cooling and an ice age (what they think happened during Dinosaurs) 
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