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Introduction:

The date is September 29th, 2016. The weather is relatively warm and sunny, and visibility is clear. The major rock types seen in this lab include limestone (of the Palaeozoic Ottawa group), Precambrian Grenville gneiss (~1 Ga), pegmatite, and at the Champlain lookout, the Medawaska highlands and Gatineau hills are visible. The limestone formation is visible from the side of the road at Lac des Fees, and is easily identifiable as it exhibits a large amount of horizontal bedding and erosion that look quite unique compared to other rocks in the area (relatively few from what was visible). The limestone formation also shows a lot of fossil formations, such as Rugose Coral, cross-sections of Crinoids, Brachiopods, and several others. Site #2 at King Mountain is where the gneiss and pegmatite can be found. The rock formation also sits at the side of the road in Gatineau Park, Quebec, and displays several key features that are helpful in identifying it. The gneiss is a blue grey colour, has iron staining, black oxidation, and in comparison to the Grenville gneiss viewed at Lac Beauchamp, considerably less weathering. The igneous pegmatite (a light pink rock) cross cuts through the gneiss, showing heavy foliation. The rock formation is ~5.5 m tall, and ~6-10 m wide. The last stop, site #3 at Champlain lookout, is where the Medawaska highlands and Gatineau hills are clearly visible in the distance, sitting within the basin of the Ottawa River valley, directly on either side of the Ottawa River. 

Objectives:

To learn the basic components of the geological history in the Ottawa area. To reconstruct the chronological order of the geological events based on the observations from all three stops of this field trip. 

Answers:

Lac des Fees

1. The outcrop at Lac des Fees was home to the limestone formation (dating from the Palaeozoic era/ordovician period, ~450-490 Ma), also known as the Hull formation (named after the former city of Hull). The bioclastic limestone in this area displays horizontal bedding, cross stratification (horizontal depositional lines), and both coarse and fine particles. This particular limestone formation was formed while the supercontinent of Rodinia was breaking up, which led to the Ottawa region being submerged underwater (a region that became known as the Ottawa embayment). Limestone is a sedimentary rock composed of multicellular marine organisms, a further indication of its oceanic past. There is evidence of tempestite in the limestone (bedding that shows that material was deposited during a storm), as well as normal grading (beds of coarse to fine grains). This is what is known as ‘tempestite in normal grading’. There are also large chunks of rock within the limestone, which are known as ‘interclasts’. The storm (which is presumed to be an oceanic storm due to the time period and composition of the rock) likely kicked up a large amount of sediment, which was then deposited during the tempestite, leading to the deposition of the interclasts. The limestone shows a mini non-conformity, as well as surface erosion, vertical post-depositional lines, surficial iron staining in certain areas, chert nodules (composed of Silica and Oxygen), and lastly, fossils. Fossils such as rugose coral, bryozoans, brachiopods, and cross sections of crinoids were visible.
2. One observable feature that suggests the limestone was deposited in a marine environment is the type of fossils visible in the rock face (rugose coral, bryozoans, brachiopods, and cross sections of crinoids). These fossils are multi-cellular marine organisms, and were only around during the cambrian-ordovician period (a period classified by the north being underwater). The large interclasts and gradation of course to fine particles dispersed throughout the limestone suggest that there was a high-energy storm (environment) that was needed to move them, as under normal conditions these rocks would be too heavy to be easily moved and deposited. The limestone was dated to being formed around the cambrian-ordovician period, a period that existed within the Palaeozoic era, yet another indication that the limestone at Lac des Fees was formed in an underwater marine environment. 

King Mountain

1. The rocks in this outcrop include metamorphic foliated gneiss and igneous pegmatite. The gneiss is visually distinct from the pegmatite as it is blue-grey in colour, composed of sedimentary rock that was subject to high pressure and high temperature during the Grenville orogeny (leading to its now metamorphic state of gneiss), is slightly more weathered than the pegmatite (an indication that it is likely older), and composes most of the rock formation at King Mountain. The gneiss has much smaller crystals than the pegmatite, indicating it cooled above the surface, and thus at a much faster rate. By comparison, the pegmatite (a coarsely crystalline metamorphic rock) is light pink in colour, is composed mostly of large potassium feldspar crystals, has a slightly less weathered texture than the gneiss, and composes less of the foliated rock formation with its large crystalline structure. Based on relative age dating concepts, the pegmatite is the youngest rock unit because of its intrusive igneous structure. It is evident through the rock face that the pegmatite is an intrusive rock, as it appears to have forced itself through the cracks of the gneiss when it was still liquid magma (meaning the gneiss would've had to have been there first) and filled them in, cooling slowly down below the surface (leading to its large crystal structure). 
2.  Please see hand-drawn sketch.
3.  This Precambrian Grenville gneiss resembles the Grenville gneiss seen at Lac Beauchamp,     however there is one striking difference that that differentiates the two: the elevation of the Precambrian Grenville gneiss. Given relative age dating concepts, it is often understood that older rocks typically sit lower in elevation than younger rocks (as sediment is often deposited in layers, leading to the oldest rocks being at the bottom), so how is it that the Grenville gneiss seen at King Mountain (which is higher in elevation) is older than the grenville gneiss seen at Lac Beauchamp (which is lower in elevation)? And how is the Grenville gneiss seen at Lac Beauchamp considerably more weathered than the Grenville gneiss seen at King Mountain (usually another indication of relative age)? The Grenville orogeny (a mountain building event associated with the formation of the supercontinent Rodinia). Because of the Grenville orogeny, an uplift of land occured, causing the Precambrian Grenville Gneiss to end up at a much higher elevation than that of the gneiss at Lac Beauchamp, and also allowing for less weathering (a higher elevation protects the rock formation from more of the elements than a rock at a lower elevation). 





Champlain Lookout 

1. 
· Shale (protolith of the gneiss) is subjected to high temperature and high pressure, which forms the Precambrian Grenville gneiss (the Grenville gneiss seen at Lac Beauchamp is formed sometime after this)
· Grenville orogeny is formed during the formation of Rodinia (the Rodinia formation made the mountains)
· Mountain belt eroded and Rodinia broke apart 
· The Iapatus ocean is opened
· Formation of the Ottawa Embayment in a tropical, high-energy marine environment (evidence of this from cross-stratification, vertical burrows, top of the gneiss being super weathered, etc.)
· Unconformity occurred during the Ottawa Embayment
· Sedimentary rock deposited during this period 
· Nepean sandstone is formed 
· Limestone is deposited in the Hull beds
· Appalachian mountain range lead to the formation of the supercontinent of Pangea
· Pangea breaks apart 
· Atlantic oceans opens/forms
· When the supercontinent breaks apart it creates faults (normal faults) as the crust is under tension
· The fault moves the Precambrian Grenville gneiss upwards in an uplift
· Hull beds are then eroded 
· Nepean sandstone and the top of the Gneiss erodes 
· The last glaciation (~18,000 Ka) continued to erode the surface of the sandstone (crust was compressed because of the weight of the glaciers)
· After the glaciers melted, the Champlain Sea formed, ~10,000 Ka (because the crust was so compressed, isostatic rebound occurred)
· The Champlain sea is very different from the Ottawa Embayment
· The isostatic rebound drains the river (proto-Ottawa river got smaller in the rebound)
· Hulls beds are lithified, sedimentary rock on top is loose sediment 
2. Please see attached SW-NE cross section of the valley. 

Conclusion:

The major geological features seen in this lab include: limestone (of the Palaeozoic era), Precambrian Grenville gneiss, pegmatite, and the Medawaska highlands & Gatineau hills in the Ottawa River valley basin. This field excursion has proved to be very beneficial in visually reconstructing the geological history of the Ottawa-Gatineau region, and helpful in putting all of the facts together in a chronological, geological timescale of the area. The limestone-hull formation is especially helpful in determining the type of environment the rock was formed in, as the fossils within the formation existed within a specific time frame (the cambrian-ordovician period, but leaning more towards the ordovician), and specific elements about the bioclastic limestone also point towards a high-energy marine environment. The Precambrian Grenville gneiss and pegmatite formation was conducive to determining the relative ages of the rocks compared to those at a lower elevation (such as those at Lac Beauchamp), and helpful in explaining the counter-intuitive idea that the Precambrian Grenville gneiss at the higher elevation on King Mountain is actually older than the Gneiss at a lower elevation in Lac Beauchamp Park. The intrusive pegmatite was an interesting addition to the Gneiss and beneficial in discussing how intrusion and cross-cutting works. Lastly, the Medawaska highlands and the Gatineau hills abetted in the forming of the geological time scale of the Ottawa-Gatineau region.
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