The field trip was mainly to see the evidence of glaciation. We were able to see the metamorphic rocks of the Grenville Province exposed, and scoured during the Wisconsinan glaciation. We calculated the orientation of striation marks, and we also saw the Cantley Quarry rat tail. The date we went was September 26th; it was very slippery and had many obstacles to climb and get down, so definitely comfortable clothing is necessary at this site.

The bedrock that we see now has its origins as a metamorphic protolith. The one we saw in particular is from the Greenville Province. It reacted to HCl—making fizzling reactions—therefore has CaCO3 composition into it. The one we saw  at this site specifically scoured during the Wisconsinan glaciation.
[bookmark: _GoBack]
The striations that are going straight has formed first, followed by oblique striations. First of all, the oblique striations are observed to be imprinted on the top of and in straight striations. The deeper and larger straight striations seemed to be below and oblique striations, much shallower and smaller in size. The principle of superposition backs up my argument. Oblique going through the straight striations imply that the straight ones have formed first, and whatever happened next to form oblique striations. 
Moreover, by just observing the surface, we were able to estimate oblique striations much more in number. The straight striations were a only few, but which can mean that the straight striations have been weathered off and re-orientated after a long time and outside impacts. Only the big, clear and deep striations survived after all the time and is now seen by us.

Erosional Structure 1: Striations
Striations are symmetric, meaning that they only represent the orientation of ice/meltwater flow.

Erosional Structure 2: Rat Tails
Rat tails are asymmetric, meaning that they represent both the direction and orientation of ice/meltwater flow.
[Sketch Attached Separately]
Around the xenolith within the marble, we were able to observe a positive topography, a ridge of the marble. It is wide close to the xenolith, and flattens uphill as it is making a point. It becomes narrower and shallower. Because of its becoming narrower and meeting together at a distance, it resembles a shape of a rat tail. On each sides, there is what people call a furrow. It is very deep and narrow around the start of the rat tail and becomes wider and shallower as it goes along with the ridge. The two distinct parts even out at a level.
It’s controversial about how these are formed, but I think that it is formed by the glacier ice itself. So during the glaciation period, thick ice was on top of the bedrock—assumed to be 2km. And the water formed inbetween the bedrock and ice sheet itself will flow. Water flows from high pressure to low pressure and because the water is under so much pressure, it will form a very strong vorticity that enables water to actually erode deep into the marble. However, when it reaches the xenolith, water is deflected to either sides and that’s where the furrows form. Eventually, the current of water weakens and levels even out.

First, the protolith is produced and formed. It is heated and intensely pressured, going through its metamorphic phase. This means the protolith is buried deeper down as to convergent plate boundaries come together and collide. The xenolith is a separate part of the bed rock, yet it is within it, so we can assume that the age of the xenolith and the age of the marble is the same—metamorphosed at the same time. After the converge, the top layer parts will be weathered over time, and become chemically altered, reavling a lot of what’s underneath. As the load on top becomes removed, isostatic rebound takes place and what was underneath bounces back up.
Afterwards, the glacier is formed—in this site, 2km of ice was formed. The glacial erosion melted water between the ice and outcrop, and because it has 2km of ice on top of it, the water is under super pressure. Water has a tendency to move from high to low pressure, and with a high velocity, strong currents of water are active between the ice and the bedrock. Strong vorticity is formed, and so when water meets the xenolith, it is deflected to either sides, erode deep into the marble. So furrows start out narrow and small, but as water moves away from the xenolith, it evens out because of the weaker and wider down flow, and eventually vanishes.

Since rock deformation is influenced by the hardness of minerals constituting the rock, we need to look at what they are formed of. The surface of the exposed part of Cantley Quarry was calcite. The surface of Nepean Formation at Lac Beauchamp was a sandstone, composed of grains of quartz, which is indicated harder in scale.
Because of calcite’s hardness of 3, it will be Rock B from the diagram; it cannot stand as much strain or deformation as Rock A. So calcite goes through elastic deformation, but meets its elastic limit and its rupture point, not being able to go through any more of deformation. In the case of the Nepean Formation at Lac Beauchamp, it is harder than Cantley Quarry, and is able to go through an addition of plastic deformation. After some more strain, it finally reaches its rupture point, which is the shape of the chatter marks we’ve seen, just like the description in the diagram. It seems like the brittle deformation is more straight and horizontal (vertical) when it goes through only elastic deformation and when the rock goes through plastic deformation as well, the rock forms a dent, or like a pothole shape, and then breaks apart, which gives the marks like 
when we see it from our view.

Cantley Quarry is a great cite to observe rat tails and striations, which all lead to the history of glaciation and deglaciation. Rat tails are asymmetric, implying both orientation and direction of ice sheets/water that flew on top of it. We were able to observe xenolith captured in marble base rock. From all we observed, we were able to construct approximately what could’ve happened at that location millions of years ago.
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