CHAPTER 20 – GEOLOGICAL HISTORY OF CANADA
Overview
The geological history of Canada began at least 4 billion years ago with the formation of early land masses that eventually combined to form the North American craton. The North American craton is not an area of uniform geology but consists of many geologic provinces, or areas of distinct geology, formed as smaller pieces of continental or oceanic materials were welded together by plate tectonic processes between 1 and 4 billion years ago.  The exposed part of the craton is called the Canadian Shield and represents an ancient erosional surface buried along its outer margins by younger rocks that form a sedimentary cover (Figure 20.3).  Unravelling the history of the development of the North American craton has stimulated many geologists, from early settlers searching for mineral deposits to modern geoscientists trying to identify processes responsible for continental formation.  
The oldest part of the North American craton formed between 4 and 2.5 billion years ago and was part of an ancient continent called Arctica (Figure 20.4).  This ancient part of the craton contains much of Canada’s mineral wealth.  Between 2.5 and about 1.5 billion years ago parts of other continents were added to Arctica to form a larger land mass called Nena.  As continents collided to form new land masses, huge mountain ranges were created.  One such mountain range existed to the north of Lake Huron but has since been eroded and only the deep roots of the mountains remain as the Penokean fold belt (Figure 20.6).  Between 1.5 and 1 billion years ago, collision between ancestral North and South America caused the Grenvillian Orogeny and many smaller land masses also accreted onto the growing craton to form eastern North America (Figure 20.8).  The supercontinent Rodinia was created at this time but broke up between 750 and 570 million years ago to form an ancestral Atlantic Ocean called the Iapetus Ocean.  By 440 million years ago, the Iapetus Ocean began to close.  This closure caused a land mass (Baltica) to collide with eastern North America creating the Taconic Orogeny and the formation of several broad sedimentary basins on the craton (Figure 20.11). Sedimentary rocks formed in these basins cover the southern margin of the Canadian Shield and are now exposed along the Niagara Escarpment in southern Ontario.  
The Taconic Orogeny and several younger mountain building events such as the Acadian Orogeny (Devonian) and the Alleghenian Orogeny (Carboniferous) are associated with the development of the supercontinent Pangea.  Micro-continents collided with the eastern seaboard of North America during each of these orogenic events and created what are now the Atlantic Provinces of Canada.  The Alleghanian Orogeny also created the Maritimes Basin in eastern Canada where organic materials accumulated to form extensive coal deposits and oil shales.
Around 200 million years ago, Pangea began to break up, North America started to drift westward and the Atlantic Ocean was born.  The western margin of Canada became an active margin and former micro-continents, volcanic islands, and ocean floor rocks were swept up and accreted to form the mountain belts of the Canadian Cordillera (Figure 20.19).  The Cordillera can be subdivided into 5 geological belts (Figure 20.20A) each of which records a separate collisional event.  Compression of thick accumulations of sedimentary rocks previously deposited on the western continental margin during these collisional events also formed mountains in interior British Columbia.  Depression of the crust caused by the added weight of thrust belts allowed the Western Interior Sedimentary Basin to develop over large areas of North America (Figure 20.21).  Sediment eroded from the growing mountains accumulated in the basin to form thick sedimentary strata that now host rich oil, gas and potash deposits as well as the fossilized remains of dinosaurs.  The Canadian Rockies consist of layered sedimentary rocks that were also displaced and thrust eastwards by compression caused by collisional events along the western seaboard of North America (Figure 20.23).  However, the spectacular mountain landscapes we associate with the Rockies today were formed relatively recently, by deep glacial erosion and mass wasting processes.

The latest stage in the geological evolution of Canada involved the repeated growth and decay of huge ice sheets over the past 2 million years.  The Cordilleran Ice Sheet formed over western Canada and the much larger Laurentide Ice Sheet extended over central and eastern regions (see Figure 16.33).  Most of the Canadian landscapes we are most familiar with are the product of glacial processes.  Glacial erosion of the Canadian Shield produced smoothed bedrock surfaces and numerous lakes, erosion of high plateau areas of Newfoundland and Labrador formed narrow, steep-sided fiords and erosion of thrust sedimentary rocks in the Canadian Rockies formed high angular mountain peaks and deep valleys.  Glacial deposition has produced extensive drumlin fields, erratic boulders, ice-thrust ridges, and soft glaciomarine clays.  These deposits form productive agricultural land and host valuable aquifers.
Modern processes continue to affect the geological evolution of Canada.  As North America drifts westward earthquakes are generated, steep slopes are affected by mass wasting processes, rivers erode valleys and deposit sediment to form large deltas such as the Fraser River delta in B.C.  Climate change will undoubtedly affect Canada in the years and centuries to come.  Canadian geoscientists are now involved in a wide range of professional activities and should be fully aware of Canada’s geological past and the future opportunities open to them.   
Learning Objectives
1. Canada’s geologic history begins at least 4 billion years ago during the earliest stages of development of the North American continent.  Construction of the North American continent involved plate tectonic processes which caused the repeated collision and welding together of many smaller parts of continents and spitting apart of larger continents.  These processes created the geological mosaic that now forms North America.  

2.  The North American craton forms the ancient core of the continent and is composed of many geologic provinces, or areas of distinct geologic characteristics.  These provinces probably originated as terranes, discrete fragments of continental or oceanic material that have been progressively accreted to form the continent.
3.  The Canadian Shield is the exposed part of the North American craton and forms part of an erosional landform (a peneplain) formed over 800 million years ago.  The outer margins of the craton are buried by younger sedimentary strata or cover rocks.

4.  The essential building blocks of the North American continent are geological provinces (remnants of original continents) separated by orogens (remains of mountain belts). The early development of North America is not well understood but probably involved repeated continental aggradation and break up.  Some geologists identify 5 main stages in the evolution of North America.

5. The earliest stage in the development of North America (Stage 1) spans the time from 4 to 2.5 billion years ago when an ancient continent called Arctica existed.  The Slave and Superior Provinces formed part of Arctica and now host much of Canada’s mineral wealth.  Stage 2 involves the time period between 2.5 and 1.5 billion years ago when accretion of other land masses formed a larger continent called Nena.  Stage 3 records the collision of ancestral North and South America and the development of the supercontinent Rodinia between 1.5 and 1 billion years ago.  Collision caused the Grenvillian Orogeny, development of a huge mountain range that was eroded to a flat plain by 800 million years ago. Rodinia broke apart between 750 and 570 million years ago and the Iapetus Ocean formed.
6.  Stage 4 in the development of North America involved closure of the Iapetus Ocean beginning around 440 million years ago.  Collision of Baltica with the eastern seaboard of North America caused the Taconic Orogeny and the formation of broad intracratonic sedimentary basins in which thick sedimentary strata accumulated.  The Taconic orogeny was followed by the Acadian and Alleghanian orogenies as collisional events associated with the construction of the supercontinent Pangea continued.  During this time, several terranes were added to the eastern seaboard and now form the Atlantic provinces of Canada. The Maritimes Basin formed as a series of interconnected fault-bounded basins and accumulated extensive coal deposits and oil shales.  
7.  Stage 5 in the development of North America was characterized by the break up of Pangea and the opening of the Atlantic, beginning around 200 million years ago.  North America began to drift westward and a number of small land masses, volcanic islands and ocean floor materials were accreted to the western seaboard to form the Canadian Cordillera.  Five geological belts are identified within the Cordillera that record repeated collisional events.  Loading of the crust by thrust belts created an extensive foreland basin (the Western Interior Sedimentary Basin) to the east of the growing mountains.  Eroded sediment from the mountains accumulated within the basin to form a thick infill that now hosts rich hydrocarbon and potash deposits. Dinosaur fossils are also found within the Western Interior Sedimentary Basin.
8.  The Canadian Rocky Mountains formed, in part, as a result of compression and thrusting of sedimentary rocks caused by collisional events on the western seaboard of North America over the past 185 million years. The modern mountainous landscapes of the Canadian Rockies are the result of glacial erosion and mass wasting processes over the past 2 million years.
9.  Canada has been repeatedly glaciated and deglaciated over the past 2 million years.  Two major ice sheets affected Canada – the Cordilleran Ice Sheet covered the mountainous regions of British Columbia and the Rockies, and the larger, Laurentide Ice Sheet covered central and eastern Canada.  The last major ice advance began around 100,000 years ago, reached its peak around 20,000 years ago and was almost entirely gone by 6,000 years ago.
10.  Landscapes produced by glacial erosion include eroded and smoothed bedrock forms and lakes of the Canadian Shield, fiords of Newfoundland, Labrador and British Columbia, the rugged mountain landscapes of the Canadian Rockies and the deeply scoured Great Lakes basins.
11.  Landscapes produced by glacial deposition include drumlin fields, areas of hummocky moraine, erratic trains, ice thrust ridges, soft glaciomarine clays and thick accumulations of glaciolacustrine silts.

12. Canada’s geological evolution continues at the present day as earthquakes and volcanic activity occur, mass movement processes affect slopes and shorelines, rivers continue to erode valleys and deposit sediment on deltas and floodplains and global sea level continues to rise. 

Boxes
20.1 - ASTROGEOLOGY – THE SUDBURY IMPACT STRUCTURE: COLLISION OF AN ANCIENT METEORITE- A 60 km long and 30 km wide meteorite impact structure is preserved at Sudbury, Ontario.  The structure is thought to have formed as a result of impact of a meteorite approximately 4 km in diameter around 1.8 billion years ago.  The impact was so great that vast amounts of melt rocks, shatter cones and broken rock called pseudotachylyte were produced.  The present day oval shape of the impact structure is the result of compression during the Grenvillian Orogeny between 1.5 and 1 billion years ago.
20.2 – IN GREATER DEPTH – THE OLDEST ANIMALS IN THE WORLD – The oldest known animal fossils are between 565 and 543 million years old and are found in Cambrian age deposits of the Mistaken Point Formation of Newfoundland.  These fossils were formed by soft-bodied organisms and are called the Ediacara biota.   One Ediacaran fossil has a distinctive frond-like form up to 2 m long and probably lived on the sea floor.   
20.3 – IN GREATER DEPTH – TORS AND GOLD: RELICS OF CENOZOIC WARMTH? Around 40 million years ago, conditions were relatively warm and allowed deep weathering of the Canadian Shield.  This produced a thick layer of saprolite. Core stones were left as unweathered portions of the parent rock and, with the erosion of surrounding saprolite, the core stones became exposed on the ground surface as tors.  Many of these core stones may have been transported by glacial ice and can be found as rounded boulders within tills in southern regions of Canada.  Some tors still survive in areas of the Arctic where glacial ice was thin and an ineffective agent of erosion.  Alluvial gold found in B.C and the Yukon may also have been concentrated by deep weathering processes to form large nuggets at the base of saprolite.   The heavy gold nuggets formed rich placer deposits when the weathered debris was reworked by glaciers and rivers.
20.4 - IN GREATER DEPTH – COLD WINDS AND ANCIENT SOILS – During episodes of glaciation most of Canada lay under a thick cover of glacial ice but much of Alaska and the Yukon Territory were ice free and experienced periglacial conditions.  Cold, dry and windy conditions allowed thick deposits of wind blown silt, called loess, to accumulate.  Under warmer interglacial conditions, soils formed on the windblown deposits.  These soils were then buried by further accumulations of loess during subsequent glaciations.  Fossils and pollen contained within the soils can be used to reconstruct past climatic conditions.
20.5 – IN GREATER DEPTH – HOW DID THE GREAT LAKES FORM? – The modern Great Lakes lie in deep bedrock basins carved by glacial ice excavating former river channels that formed the pre-glacial mid-continent drainage system (Box Figures 1 and 2).  Big as they are, the modern Great Lakes are much smaller than the extensive lakes that existed along the margins of the Laurentide Ice Sheet at the end of the last glaciation.  Glacial Lake Agassiz extended over much of Saskatchewan, Manitoba and northern Ontario and created extensive silt and clay deposits that now underlie the flat land surface.  The 100m high cliffs that form the Scarborough Bluffs east of Toronto consist predominantly of ancient glacial lake deposits.  The modern Great Lakes form the largest body of freshwater in the world and 25% of Canadians live within the Great Lakes watershed. 
Short Discussion/Essay
1. What are geologic provinces and how do they form?
2. During the Paleozoic, the Iapetus Ocean closed and Baltica collided into eastern North America.  What is the geological record of these events?
3. Describe the formation of the Canadian Rocky Mountains.
4. How has glaciation affected the development of Canadian landscapes? 
5. Why is an understanding of Canadian geological history important for geoscientists working in urban environments? 
Longer Discussion/Essay
1. Describe the plate tectonic processes that are thought to have been involved in the development of the North American craton.
2. Compare and contrast the growth of the Cordillera in western North America with the addition of the Atlantic Provinces to the eastern seaboard.  
3. Explain how the geology of Newfoundland provides evidence to indicate repeated episodes of ocean opening and closing on the eastern seaboard of North America. 
4. What is the Wilson cycle?  How does an understanding of the Wilson cycle help in the reconstruction of the geological history of Canada? 
5. What are the most important geologic events you predict will influence the evolution of Canada in the future?  
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