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Introduction
The metamorphic rocks of the Grenville Province are exposed at Qantley quarry and show a lot of evidence from the Wisconsinan glaciation. The WIiconsinan glaciation left a lot of hints at Cantley Quarry that tell us the geological history of the area.

Objective
To understand the geological history of the area and understand the effects of continental glaciation and deglaciation. 

Answers
1. The bedrock observed is marble which is a metamorphic rock made of calcite. This bedrock was formed during the Grenville orogeny during the forming of Rodinia when tectonic plates were colliding. Limestone was likely the protolith that was buried in the Precambrian era (1.4 Ga). The protolith under great pressure and temperature formed marble. As the mountains formed on top of the protolith eroded away, uplift took place and the protolith came to the surface forming the marble bedrock we see today. The marble was formed 1 Ga and the striations seen on the marble are about 15 000 years.
2.  
	Set 1 (Degrees from North)
	Set 2 (Degrees from North)

	328
	320

	330
	318

	328
	322

	329
	320

	330
	320



The mean orientation for set 1 is 328 degrees from north while the mean orientation for set 2 is 320 degrees from north. These sets of striations are created by glaciation in which shifting glaciers scratch the surface of the bedrock when small rocks and stones are trapped underneath the glaciers. Set 1 appears to be the older set due to the fact that set 2 has striations that appear to overlap set 1. There are also grooves seen in the marble oriented in the direction of set 1 with set 2 striations observed inside the groove which suggests that set 2 was created by glaciation after set 1 was created. These striations are probably about a couple thousand years apart, created about 12 000 – 15 000 years ago (12 Ka – 15 Ka) during the Wisconsinan glaciation. Sketch is attached on back. 
3. The two major erosional surfaces observed are the horizontal bedrock that can be stood on first observed and the vertical bedrock observed after. The first bedrock did not indicate direction or orientation because the striations observed on the first bedrock only tells us the orientation of the flow of the glacier/meltwater. The rat tails (which are xenoliths harder than the marble that are dark embedded in the bedrock) observed on the vertical bedrock seen is asymmetrical in nature. Glacial abrasion or turbulent flow will form rat tails because water/ice takes the path of easiest flow and since the rat tail is harder than the marble the ice and water will go around the rat tail forming furrows around the rat tail. The orientation of these furrows around the rat tail indicate the direction of flow because the ridges going around the base of the rat tail indicate the flow going in the direction against the xenolith. Most of these rat tails are metamorphic and igneous intrusions take place before the forming of the marble which would turn the igneous rocks formed from magma into metamorphic rocks. In the case of the asymmetrical metamorphic rock observed flow is observed to be about south. Also, striations outside and inside the furrows around the rat tail indicate glaciers made contact after the formation of the rat tails. 
4. During the Grenville orogeny while Rodinia was forming and tectonic plates were colliding, mountains were forming which would bury the protolith limestone (1.4 Ga). Around this time, igneous intrusions of rocks formed from magma would enter the protolith before it became marble. Under great pressure and temperature with being buried, the protolith would become marble. Around 1 Ga, the mountains on top erode and with erosion comes uplift which brought the metamorphic rock to the surface which is the marble we see today. Arout 18 Ka, glaciers began to form and glaciation took place. Shifting of glaciers created the striations observed on the rock today. Glaciation and water flow also created the furrows seen around the rat tails that exposed the xenolith. As the glaciers melted, a subaqueous fan (bottom tunnel formed on a glaciers where melt water is running charged with sediments) formed from melting glaciers during the forming of the Champlain Sea around 13 Ka. Sand and other sediments that are not buried seen at the north end of the Cantley Quarry as well as small fossils across the road that are around 10 – 12 Ka which were carried in by the Champlain Sea.
5. Quartz is what was observed on the surface of the Nepean Formation and has a hardness of 7. This is very high in contrast with the calcite hardness of 3 observed at Cantley Quarry. Chatter marks are created when shifting glaciers drag stones across the bedrock which flips and chips away at the bedrock. With a higher hardness also comes a more brittle rock which would resist the force of the moving stones dragged by glaciers only to rupture suddenly and create the chatter marks we see today. This is what happened at the Nepean formation. The rock observed at Cantley Quarry had a lower hardness of 3 which means it is more ductile in nature which would yield to the force of the moving glaciers and deform with the dragged stones rather than rupture to create chatter marks like the Nepean formation. 
Conclusion	
[bookmark: _GoBack]The geological history of the area was successfully recreated through understanding of the geological evidence left behind by glaciation such as striations and furrows around rat tails. Understanding the effects of shifting glaciers and running melt water on bedrocks is extremely useful in seeing what took place at a location thousands of years ago. 


