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I N T R O D U C T I O N

     October 2nd proved true for nice weather as the lab expedition for the Cantley Quarry progressed. Located in Quebec, the beautiful quarry is an excellent portrayal of the past processes of the Winsconsinan glaciation event approximately 15,000 to 10,000 years ago, as well as during the Pleistocene. This glaciation event was the last out of four glaciations to have affected the metamorphic rocks of the Grenville Province within the past approximation of 1.6 million years. As deglacation occurred due to the atmosphere retaining a higher climate approximately 8,000 years ago, the glaciers started to retreat. The exposed erosional and depositional features could then be observed by our field trip group, which consisted of well-rounded mounds of marble in different elevations (as well as being incredibly steep in some areas). Towards the south end of the quarry, there was a large hill of deposited sediments that looked like gravel and other broken-up pieces of rocks. Aside from the environment of the Cantley Quarry being really slippery leaving me with mud-soaked clothes, the trip was successful in identifying the different effects that glaciation had on the quarry including rat tails, pot holes, and sculpting of the different types of rocks. 





O B J E C T I V E S

· To recognize the attributes of continental glaciation in the field
· To reconstruct the local geological history of the Cantley Quarry and how glaciation/ the retreat of glaciers sculpted the environment of the rocks 
















A N S W E R S   T O   Q U E S T I O N S 


1.       The bedrock that forms the Cantley Quarry was composed of the metamorphic rock known as marble. The bedrock observed was pale grey in colour and very smooth, showing excellent examples erosional sculpting due to the glaciation that occurred on top of it. Within the rocks were harder pieces of rocks called xenoliths. The xenolithic plates were much darker in colour and were composed of igneous intrusions of gneiss protruding through the marble. Similar to the metamorphic gneiss that was studied in previous labs, the marble was formed within the Grenville Orogeny in the Proterozoic Era. Unlike the Lac Beauchamp’s gneiss protolith, the protolith of the marble was formed through the metamorphosing of limestone. This fact is apparent due to the occurrence of fizzing when HCl was dropped onto the marble. The limestone protolith wasn’t likely created due to the accumulation of sedimentary organisms but rather through the process of chemical precipitation where carbon dioxide dissolves in water. Eventually producing carbonic acid, the change in acidity of the water causes calcium carbonate to form, creating the sediments required to make the limestone. The limestone protolith was measured to be approximately 1.3 billion years old. After the metamorphosing of the limestone into marble, the marble eventually became exposed where it was subjected to erosion from the glacial periods. 

2. FIRST SET (PARALLEL):
· 326° NW, 146° SE
· 327° NW, 147° SE
· 328° NW, 148° SE
· 330° NW, 150° SE
· 327° NW, 147° SE
Mean= 327.6° NW, 147.6° SE

SECOND SET (OBLIQUE):
· 300° NW, 120° SE
· 302° NW, 122° SE
· 303° NW, 123° SE
· 303° NW, 123° SE
· 305° NW, 125° SE
Mean= 302.6° NW, 122.6° SE

      Out of the two sets of compass measurements taken above, the parallel striations are older than the oblique ones. The parallel striations were created first due to the crosscutting that occurred when the oblique ones were formed. In order for these diagonal scrapes to have happened, the parallel striations would have had to be there first. The reason that the glacier was able to create the oblique striations was due to the melting of the Laurentide Ice Sheet in a different flow of direction. Nature is rarely uniform, thus leading the change in directional glacial flow to erode the marble in an irregular pattern compared to when it created the parallel striations. 


3.       The two erosional features that were observed at the Cantley Quarry were the presence of rat-tails and striations. Striations are created by the flow of glaciers scraping the surface of the rock they’re on top of. Smaller rocks stuck onto the bottom of the glaciers are dragged over the surface of the rock. The pressure used to this then creates long, superficial scratches and grooves, which were observed to be several meters in length. While first stepping onto the marble surface of the bedrock, striations were easily seen covering every inch. A lot of erosional activity was clearly present due to this fact. Although the striations scratched every corner, the surface of the marble was smooth and polished. The second erosional feature observed on the marble was a rat-tail. Rat-tails are formed by the intrusions of gneiss xenoliths (in this scenario) making its way up to the surface of the marble in coated plates. Because of this mixture of different rock densities, erosion only takes place on the more pliable marble and not the gneiss. Unlike the striations, rat-tails actually give the direction of flow of the glacier. Due to the luxury of knowing which way flow direction is indicated when rat-tails are present, this leads them to be asymmetrical erosional structures. Since the xenoliths are harder, the glaciers can’t erode them as successfully as they can the marble. As the glacier flows in the southern direction of the plated gneiss, the harder part of xenolith isn’t affected as much as the marble.  Due to this fact, the marble gets eroded in a furrow all around the xenolith, almost as if there is a small trench surrounding the harder part of the rock. These furrows continue on even after it has passed the xenolith, eventually dissipating a few meters upstream of the rock. The marble behind the xenolith is also protected from substantial erosion. Through this determination, it can be noticed that the glacier flow was in the direction of the furrows after it came in contact with the xenolith; in this case, south. 

[bookmark: _GoBack]      There are two main theories as to how the Laurentide Ice Sheet could have formed the rat-tails. These theories consist of glacial abrasion and melt water erosion, which are both commonly debated on today. Even though only one was supposed to mentioned in this lab report, I believe that both were present to some extent due to the irregularity of natural forces. Even though the process of the glacier flowing in the direction of xenolith is the same, the way they could have eroded these furrows is a different process. On the rat-tail seen on the surface of the rock wall we visited (refer to sketch for details), the most likely mechanism of erosion would be melt water circulating under the pressure of the glacier. As the pressure of the glacier caused water to melt on top of the xenolith, sedimentary deposits circulate and eroded the furrows around the gneiss. Turbulence of the water then created smooth furrows that continued along the back of the xenolith in rows. Another example of what could have caused this formation would be direct glacial abrasion. Glacial abrasion would have acted similarly to melt water by eroding the surfaces around the hard xenolith by direct contact, leaving furrows creeping behind. However, this is a less plausible theory due to how some of the rat-tails seen periodically change direction. Glacial ice wouldn’t have been able to easily do this. Refer to the sketch on the last page to see how melt water erosion could have formed the rat-tails, as well as the anatomy of them.

4.       After the limestone protolith was metamorphosed approximately 1 billion years ago, the Grenville Orogeny processed the marble in the Proterozoic Era. Many years later, once Laurentia drifted after the break up of Pangaea, the continent was subjected to a colder climate due to the tectonic locomotion driving it up in the Northern hemisphere. The late Mesozoic Era approximately 80,000 years ago marked the alleged start of the Winsconsinan glacial period. In order for the continental ice sheets to form, multiple snowfalls needed to occur without melting. Eventually, the snow then became compacted into ice, forming glaciers over an accumulation of years and pressure approximately 2-3 kilometers in depth (Martin, 2014). During this time, the metamorphosized marble was put under a lot of stress due to glacial pressure. The area of focus of this last ice age is on the Laurentide Ice Sheet, which is what the Cantley Quarry was shaped from. The Laurentide Ice Sheet was prominent in North America until approximately 10,000 years ago, where glaciers started to retreat due to the warming of climate. Referring to Appendix 8 in the lab manual, it can also be shown that glacier flow was moving south in the area of the Cantley Quarry. Due to the weight of the Laurentide Ice Sheet, subsidence of plates occurred and Earth material started to shift downwards.

     When it comes to the erosional features prominent on the marble of the quarry, it can be noticed that it’s very smooth and weathered from the numerous years of glacial sculpting. Striations from glacial movement were also present all over the surface of the marble. Other notable erosional features were the existence of rat-tails, indicating direction of flow. The gneiss xenolith plates prompted these rat-tails to occur, which means that they were intrusions within the marble before glacial periods arose. The intrusive xenoliths are younger than the limestone protolith, meaning that it intruded before metamorphosing occurred. It is known that the limestone and the xenoliths metamorphosed at the same time 1 billion years ago, therefore concluding that the marble and gneiss xenoliths are of the same metamorphic age. Other erosional features observed were potholes in some areas (although not many) produced by melted water and sediments circulating under the pressure of glaciers, eroding the rock underneath in an inverted dome. These features were added during the glaciation, which means that they became relevant in the marble when the Winsconsinan glacial period was fully established and able to start erosion. The time in which the glacial period was at maximum extent was 18,000 thousand years ago on the border of the Paleogene and Neogene Periods (Encyclopedia Britannica, 2014). 

      After superficial erosion of the glaciation, regression of the ice sheets caused a major deposition of sediments. When the climate started to warm and ice started to melt, the Champlain Sea was then able to form due to the subsidence in the area, accumulating depths of approximately 200 meters. In addition to this, the Champlain Sea formed during the retreat, which is though to be 10,000 years go. As glaciers continued to melt, the water eventually found its way in streams through downhill ice-transport, adding to the volume of the Champlain Sea. This melt water then carried the eroded sediments from the glacial period down with it, depositing them into the Champlain Sea. The discharge of the sediments deposited quickly as a subaqueous fan. The presence of the subaqueous fan deposits means that the larger, coarse material was deposited first in the fanning out of smaller streams in a triangular shape. The slowing in velocity as the water fans out determines that smaller particles were deposited past the larger rock materials. As time passed and isostatic rebound occurred due to the absence of glacier weight, the Champlain Sea shortly disappeared. In present day, it’s easy to notice that the unsorted deposits are composed of large cobbles mixed with sand. 

5.        Chatter marks were easily observable on the Nepean Sandstone located in Lac Beauchamp. However, at the Cantley Quarry, chatter marks weren’t able to be located. The reason for the lack of chatter marks lies within the composition of the different bedrock that we observed. At Lac Beauchamp, the Nepean Sandstone was composed mainly of silica and quarts, causing the hardness of the rock to be significantly higher than the hardness of the marble at Cantley. Specifically, the hardness of 7 (mainly due to the quartz composition) caused the Nepean Sandstone to be extremely brittle. Chatter marks can be defined as stress applied to a certain area on the surface of a rock due to the pressure of a glacier pushing a piece of material against it. Eventually, as the glacier flows, the material being pressed urges the rock under it to crack. This gesture creates semi-circular radial scars, which is the process that occurred at Lac Beauchamp. The rock composition at the Cantley Quarry was much different. The marble was composed of biotite, feldspar and calcite with a hardness of about 3. The lack of hardness allowed the marble to act in a much more ductile manner than the Nepean Sandstone. Eventually over many years, the marble under the pressure of the ice sheet elastically deformed instead of cracking under stress. Rat-tails and striations could be observed more frequently due to this ductile environment. 







      

          

























C O N C L U S I O N


      In conclusion, the major erosional events from glaciation were covered during this laboratory expedition. Rat-tails and striations were observed and hypothesized as to what processes could have created them and why. Geological tools such as compasses were also used to calculate the position of striations, which was a useful skill to master. In conclusion, the Cantley Quarry laboratory was a success in determining what the effects of glaciers looked like in the field. The geological history of the Cantley Quarry also became apparent after connecting the geological timelines of precious labs as well as the current one. An overall timeline for the quarry could be produced thanks to the reconstruction of how the glaciers both formed and retreated, sculpting the environment of the rocks around them.
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*The rest of the information compiled in this lab report was acquired from lectures and field notes
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