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Introduction 
 
Gerry Middleton had a passion for “synthesizing information and passing that knowledge to 
others” (Dalrymple and Bhattacharya, 2021). It was because of the training that I received from 
Gerry Middleton and his colleague Roger Walker that I took the career path that I did.  After 
great stints at the Geological Survey of Canada and then in the Canadian energy industry, I now 
write geotourism books. The goal of these books is to synthesize the geology of landscapes and 
pass that information to the general public, such that they can understand and appreciate how 
earth surface processes create spectacular mountain and prairie scenery. Many of spectacular 
scenic landscapes of western Canada have strong modern and ancient sedimentological 
components to them. 
 
Writing-on-Stone Provincial Park / Áísínai’pi National Historic Site 
 
         At Writing-on-Stone Provincial Park / Áísínai’pi National Historic Site, First Nations 
pictographs are preserved on the sandstone cliffs of wave-dominated shoreline in the 
Campanian Milk River Formation. Powerful tides formed a barrier island and a sand-filled tidal-
inlet and lagoon complex, the deposits of which are exposed in three dimensions in spectacular 
hoodoos lining the valley walls (Figure 1). I collaborated with Dr. Rick Cheel, one of Gerry’s 
students, for this work. 
 

 
 



Figure 1. What Writing-on-Stone Provincial Park/Áísínai’pi National Historic Site may have looked like 84 million 
years ago. It was a high-energy shoreline prograding northwards into the Western Interior Seaway. Large waves beat 
on the shoreline, whereas powerful tides dominated lagoons and estuaries. From Cheel and Leckie (1990) and 
Leckie (2021). 
 
         As an anecdote, on a Clastic Tidal Deposits conference in 1989 which I co-organized, I led 
a field trip to Writing-on-Stone Provincial Park to examine the tidal deposits exposed in the 
sandstone cliffs. On the last day of the conference, the participant’s luggage was to be stored in 
my office at the Geological Survey of Canada, to be later transferred to a bus for the field trip. 
For some reason, Gerry’s luggage never made it onto the bus. To say the least, he was quite 
irate. I still cringe when I remember the incident. 
 
Kicking Horse River, Yoho National Park 
 
         The braided Kicking Horse River in Yoho National Park, studied by Fran Hein, is a classic 
and scenic site for travellers to visit. Gerry was part of Fran’s research committee. The Kicking 
Horse River carries sand and gravel as proglacial outwash having significant downstream 
variation in bar forms and gravel size over its 8-kilometre-long reach (Figure 2). At the 
downstream end of the braided river stretch is Natural Bridge, where the Kicking Horse cuts a 
deep, narrow gorge formed as a knick point only a few metres wide.  
 

 
 
Figure 2. Upstream view of the Kicking Horse River from the town of Field. 
 



 Debris Flows at Cathedral Mountain and Mount Stephen, Yoho National Park 
 

One aspect of Gerry’s research was debris flows, primarily subaqueous ones. Subaerial 
debris flows are powerful erosive and sedimentological processes particularly in mountainous 
terrain. Debris flows at Cathedral Mountain and Mount Stephen in Yoho National Park create 
risk to the Canadian Pacific Railway main line and the Trans-Canada Highway. The debris flows 
are triggered by meltwater stored on mountain top glacial lakes and meltwater channels of the 
Cathedral Glacier (Figure 3). Glacial lake water accumulates behind a ridge of ice during 
summer warm periods. The water flows to the base of the ice through subglacial meltwater 
channels and fissures. When water level in the lake rises, hydrostatic pressure increases below 
the glacier front until the ice lifts and castastrophically gives way. The lake drains as an outburst 
flood, triggering gravity-driven debris flows on the steep slopes. Ongoing major civil-engineering 
efforts prevent the debris-flows from burying or washing out the highway and railway. 

 

 
 
Figure 3. Schematic showing how the debris flows originate on Cathedral Mountain in the warm summer season or 
during very heavy rains. From Arenson et al. (2015) and (Leckie 2017).  
 
Frank Slide, Crowsnest Pass 
 
 I remember lectures by Gerry about the Frank Slide in Crowsnest Pass, southwest 
Alberta. Research at the time hypothesized that debris from the rock slide rode up the opposite 
side of the Crowsnest River valley on a cushion of air trapped beneath the rockfall detritus 
(Figure 4). The reason for the rock slide is that during mountain building, Paleozoic carbonates 
were deformed and layers slid past one another, creating major weaknesses that would 
eventually give way. As the limestone beds folded, they became highly fractured with joints that 
were perpendicular to bedding, creating additional weakness. After the anticline formed, Turtle 
Mountain was pushed over younger rocks along the Turtle Mountain Thrust. Multiple glaciations 
then over-steepened the east side of the mountain, that was in turn undercut by Crowsnest 
River. Water, flowing down joints, dissolved and weakened the steeply dipping limestone beds. 
Ongoing coal-mining operations may have helped to undercut the already weakened bedrock. 
Finally, freezing and expanding spring water in fissures near the mountain base, contributed to 
triggering the rock slide. It was this complicated geological story, created during and after 
mountain building, that caused the massive rock failure. 



 
 
Figure 4. Debris field from Frank Slide at Turtle Mountain. In 1903, a massive rock slide destroyed part of the town of 
Frank in Canada’s most deadly landslide. 
 
Entrenched Meandering Rivers 
 
         The Alberta prairies and aspen parklands are traversed by several rivers that are deeply-
entrenched into the landscape, largely due to post-glacial isostatic rebound. The North 
Saskatchewan, Red Deer, Bow, Oldman and South Saskatchewan river valleys are all lined with 
very pronounced meandering river point and side bars. 
         In Edmonton, river erosion creates bank instability which is a significant natural hazard 
along the length of the North Saskatchewan River as it crosses the city. The downtown core is 
built adjacent to the large 1901 Grierson Hill landslide. Elsewhere, landslides cause roads to 
disappear and provide parks, one creatively referred to as “the end of the world” at Keillor Point. 
Across from the cutbanks and landslides, point bars have been historically utilized as gravel pits 
and later reclaimed to make parks such as Terwillegar (Figure 5) and William Hawrelak Park. 
Point bars and river terraces of the incised North Saskatchewan River create ideal surfaces for 
the numerous golf courses across the city. 
 



 
 
Figure 5. Terwillegar Park is located on an active point bar of the incised North Saskatchewan River. The river 
undercuts the cliff on the northwest side of the river and deposits sand and gravel on the margin of the point bar. 
Sand and gravel was previously excavated from the gravel pits. From (Leckie 2021). 
 
 Dinosaur Provincial Park on the Red Deer River is the ideal destination to view the 
valley-bottom point bars. Cottonwood Flats Trail (Figure 6) traverses the modern meandering 
river deposits and the river floodplain of the Red Deer River, a setting similar in certain aspects 
to that in which the dinosaurs thrived. Abandoned channels, point bars, scroll bars and river-
eroded cliffs provide an important ecological niche for plants and birds in this prairie landscape. 
Long rows of cottonwood define the location and orientation of older river positions. 
 



 
 

 
Figure 6. Features of the Cottonwood Flats area along the Red Deer River valley at Dinosaur Provincial Park. From 
Leckie (2021). 
 
Cypress Hills 
 
        The Cypress Hills in southeast Alberta is all that remains of a much more extensive 
landscape that once covered much of Western Canada. The Cypress Hills are capped by 
boulder gravel and sands of Oligocene to Miocene age. At the time, the tectonic setting in 
northwest North America had changed from one that was compressional mountain building to 
large-scale extension. Construction of the Rocky Mountains had come to an end and the 
northern great plains were being uplifted and eroded. An extensive sheet of sand and gravel, 
now called the Cypress Hills Formation, was deposited across the southern prairies (Figure 7). 
These rivers eventually made their way to the Labrador Sea in northeastern Canada. Uplift and 



erosion of the Cypress Hills began by at least 10 million years ago. By 9.3 to 8.3 million years 
ago, most of the surrounding extensive gravel alluvial plain has eroded away, leaving the 
Cypress Hills as a small, isolated remnant of the older landscape that had previously covered 
most of Alberta, Saskatchewan and Montana.  
 

 
 
Figure 7. The boulder gravels of the Cypress Hill Formation, that cap the Cypress Hills, originated from rising uplands 
and granite intrusions in Montana. From Leckie and Cheel (1989) and Leckie (2021) 
 
Cretaceous Braided Rivers and the Lost Lemon Gold Mine 
 
 Rumours of substantial deposits of placer or vein gold have circulated in southwest 
Alberta for over a century and a half, being centred on the fabled "Lost Lemon Gold Mine”.  
There exists, from the Alberta-US border north to Bragg Creek, southwest of Calgary, a series 
of conglomerate ridges that outline ten east-flowing rivers of Lower Cretaceous age. Gold-
bearing sands and gravels were deposited in large, braided rivers cut into deep valleys. The 
gold and associated gravel originated from eroding igneous plutons and volcanic rocks in the 
Omineca Crystalline Belt of British Columbia, located 350 to 400 kilometres to the west (Figure 
8). Gold occurs as small grains dispersed within the sandstone matrix between the pebbles. The 
conglomerate is parallel bedded, with beds decimetres thick. There are discontinuous 
sandstone beds, which are remnants of eroded sandstone bars. Cobbles, up to 30 centimetres 
diameter, dip westwards, indicating that ancient river flow direction was towards the east. 
Isolated horizons of large cobbles are concentrated lags, deposited during river floods. 
 



 
 
Figure 8. Cretaceous river channels, likely valleys, that contain placer gold (right). Is this the source of the legend of 
the Lost Lemon Gold Mine. The large east flowing rivers would have eroded the plutons and transported gold into 
Alberta. From Leckie and Craw (1995) and Leckie (2021)  
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